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(54) DISPLAY DEVICE

(57)  Adisplay device is provided. The display device
includes a plurality of pixels; a first base; an organic light
emitting element on the first base and in each of the pix-
els; a second base facing the first base; and a filling pat-
tern layer between the organic light emitting elements
and the second base, the filling pattern layer including a
first pattern portion and a second pattern portion alter-
nately arranged along a same direction in a plan view,
wherein the first pattern portion is in each of the pixels,
the second pattern portion is at a boundary of each of
the pixels and contacts the first pattern portion, and a
refractive index of the second pattern portion is smaller
than that of the first pattern portion.
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Description
BACKGROUND
1. Field

[0001] Embodiments of the present disclosure relate
to a display device.

2. Description of the Related Art

[0002] With the development of multimedia, display
devices are becoming increasingly important. According-
ly, various display devices such as, for example, liquid
crystal display devices (LCDs) and organic light emitting
diode display devices (OLEDs) are being developed.
[0003] Ofthesedisplaydevices, OLED devicesinclude
anorganic lightemitting element, which is a self-luminous
element. The organic light emitting element may include
two electrodes facing each other and an organic light
emitting layer interposed between the two electrodes.
Electrons and holes provided from the two electrodes
may be recombined in the light emitting layer to generate
excitons. As the generated excitons change from an ex-
cited state to a ground state, light may be emitted.
[0004] Since OLEDs do not need a light source, they
are low in power consumption, can be made lightweight
and thin, and have a wide viewing angle, high luminance
and contrast and fastresponse speed. Due to these high-
quality characteristics, OLEDs are drawing attention as
next-generation display devices.

SUMMARY

[0005] Aspects of embodiments of the present disclo-
sure provide adisplay device havingimproved luminance
and color reproducibility by preventing or reducing color
mixing between subpixels.

[0006] However, aspects of embodiments of the
present disclosure are not restricted to those set forth
herein. The above and other aspects of embodiments of
the present disclosure will become more apparent to one
of ordinary skill in the art to which the present disclosure
pertains by referencing the detailed description of the
present disclosure given below.

[0007] According to an aspect of embodiments of the
present disclosure, a display device includes a plurality
of pixels; a first base; an organic light emitting element
on the first base and in each of the pixels; a second base
facing the first base; and a filling pattern layer between
the organic light emitting elements and the second base,
the filling pattern layer including a first pattern portion and
a second pattern portion alternately arranged along a
same direction in a plan view, wherein the first pattern
portion is in each of the pixels, the second pattern portion
is at a boundary of each of the pixels and contacts the
first pattern portion, and a refractive index of the second
pattern portion is smaller than that of the first pattern por-
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tion.

[0008] Inanembodiment, the pixels include a first pixel
configured to emit light of a first color, a second pixel
configured to emit light of a second color, and a third pixel
configured to emit light of a third color.

[0009] In an embodiment, the display device further
includes a first wavelength conversion pattern between
the second base and the filling pattern layer in the first
pixel; a second wavelength conversion pattern between
the second base and the filling pattern layer in the second
pixel; and a light transmission pattern between the sec-
ond base and the filling pattern layer in the third pixel.
[0010] Inan embodiment, the organic light emitting el-
ements include a first organic light emitting element in
the first pixel and configured to emit light of the third color,
a second organic light emitting element in the second
pixel and configured to emit light of the third color, and a
third organic light emitting element in the third pixel and
configured to emit light of the third color.

[0011] Inan embodiment, the light of the first color has
a peak wavelength in a range of 610 nm to 670 nm, the
light of the second color has a peak wavelengthin arange
of 510 nm to 550 nm, and the light of the third color has
a peak wavelength in a range of 440 nm to 470 nm.
[0012] In an embodiment, the display device further
includes a first color filter between the first base and the
first wavelength conversion pattern and configured to
transmit the light of the first color while blocking the other
light; a second color filter between the first base and the
second wavelength conversion pattern and configured
to transmit the light of the second color while blocking
the other light; and a third color filter between the first
base and the light transmission pattern and configured
to transmit the light of the third color while blocking the
other light.

[0013] Inan embodiment, each of the first wavelength
conversion pattern, the second wavelength conversion
pattern, and the light transmission pattern includes a
base resin and a scatterer dispersed in the base resin,
the first wavelength conversion pattern includes a first
wavelength conversion material, and the second wave-
length conversion pattern includes a second wavelength
conversion material.

[0014] In an embodiment, the scatterer includes at
least one of titanium oxide (TiO,), zirconium oxide (ZrO,),
aluminum oxide (Al,O3), indium oxide (In,03), zinc oxide
(Zn0), and tin oxide (SnO,).

[0015] In an embodiment, a difference in refractive in-
dex between the first pattern portion and the second pat-
tern portion is 0.3 or more.

[0016] In an embodiment, the second pattern portion
includes a layer including air.

[0017] In an embodiment, the display device further
includes a light shielding member which is on the second
base, wherein the light shielding member is at the bound-
ary of each of the pixels, and at least partially overlaps
the second pattern portion, and wherein the light shield-
ing member includes an organic material.
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[0018] In an embodiment, the light shielding member
includes a color filter portion and a light shielding portion
on the color filter portion, and wherein the color filter por-
tion is configured to transmit blue light while blocking the
other light, and the light shielding portion blocks all light.
[0019] In an embodiment, the first pattern portion in-
cludes afirstattachment surface attached to the first base
and a second attachment surface parallel (e.g., substan-
tially parallel) to the first attachment surface and attached
to the second base.

[0020] In an embodiment, the area of the first attach-
ment surface is equal to that of the second attachment
surface.

[0021] In an embodiment, at least a portion of the first
pattern portion overlaps the light shielding member, and
side surfaces of the first pattern portion are curved.
[0022] In an embodiment, the area of the first attach-
ment surface is larger than that of the second attachment
surface, a cross section of the first pattern portion is trap-
ezoidal, and an angle formed by the first attachment sur-
face and each side surface of the first pattern portion in
cross section is an acute angle.

[0023] In an embodiment, at least one of the side sur-
faces of the first pattern portion is curved. According to
another aspect of embodiments of the present disclo-
sure, a display device includes a first substrate including
an organic light emitting element; a second substrate fac-
ing the first substrate and having a first light outputting
region and a non-light outputting region; and a filling pat-
tern layer between the first substrate and the second sub-
strate, wherein the second substrate includes a first
wavelength conversion pattern in the first light outputting
region that is configured to wavelength-convert light of a
firstcolorintolight of a second color, and the filling pattern
layer includes a first pattern portion overlapping the first
wavelength conversion pattern and a second pattern por-
tion that surrounds the first pattern portion and is in the
non-light outputting region.

[0024] In an embodiment, a second light outputting re-
gionis defined in afirst direction of the first light outputting
region, the second substrate includes a second wave-
length conversion pattern configured to wavelength-con-
vert the light of the first color into light of a third color, the
first pattern portion overlaps the second wavelength con-
version pattern, a third light outputting region is defined
in the first direction of the second light outputting region,
the second substrate includes a light transmission pat-
terninthe third light outputting region, and the first pattern
portion overlaps the light transmission pattern.

[0025] In an embodiment, a fourth light outputting re-
gion is defined in a second direction of the first light out-
putting region, the second substrate includes a third
wavelength conversion pattern in the fourth light output-
ting region, the third wavelength conversion pattern is
configured to wavelength-convert the light of the first
colorinto the light of the second color, and the first pattern
portion is in the non-light outputting region between the
first light outputting region and the fourth light outputting
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region, and wherein the second directionis perpendicular
(e.g., substantially perpendicular) to the first direction in
a plan view.

[0026] Atleast some of the above features that accord
with the invention and other features according to the
invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a perspective view of a display device ac-
cording to an embodiment;

FIG. 2is a schematic cross-sectional view of the dis-
play device, taken along line lI-II' of FIG. 1;

FIG. 3 is a schematic plan view of the display device
illustrated in FIGS. 1 and 2;

FIG. 4 is a cross-sectional view of the display device
according to the embodiment, taken along line IV-
IV’ of FIG. 3;

FIG. 5is an enlarged cross-sectional view of portion
Q1 of FIG. 4;

FIG. 6 is a cross-sectional view of a modified exam-
ple of the structure illustrated in FIG. 5;

FIG. 7 is a cross-sectional view of a modified exam-
ple of the structure illustrated in FIG. 5;

FIG. 8 is a cross-sectional view of a first substrate
according to an embodiment;

FIG.9is a partial enlarged view illustrating an optical
path in area A of FIG. 4;

FIG.10is a cross-sectional view of the display device
according to the embodiment, taken along line X-X’
of FIG. 3;

FIG. 11 is a cross-sectional view of a display device
according to an embodiment, taken along the line X-
X of FIG. 3;

FIGS. 12-18 are cross-sectional views of display de-
vices according toembodiments, taken along the line
IV-IV’ of FIG. 3;

FIGS. 19-23 illustrate a method of manufacturing a
display device by forming a filling pattern layer on a
first substrate and then bonding the first substrate
and a second substrate together;

FIGS. 24-27 illustrate a method of manufacturing a
display device by forming a filling pattern layer on a
second substrate and then bonding a first substrate
and the second substrate together;

FIGS. 28-32 are plan views of first substrates and
filling pattern layers formed on the first substrates
according to various embodiments;

FIG. 33 is a graph schematically illustrating a color
mixing critical angle with respect to a gap between
light emitting regions; and

FIG. 34 is a graph schematically illustrating the color
mixing critical angle with respect to the thickness of
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a filling pattern layer.
DETAILED DESCRIPTION

[0028] The subject matter of the present disclosure will
now be described more fully hereinafter with reference
to the accompanying drawings, in which embodiments
of the disclosure are shown. The subject matter of the
present disclosure may, however, be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein, the scope of the invention
being defined by the claims..

[0029] It will also be understood that when a layer is
referred to as being "on" another layer or substrate, it
can be directly on the other layer or substrate, or inter-
vening layers may also be present. In addition, it will also
be understood that when an element or layer is referred
to as being "between" two elements or layers, it can be
the only element or layer between the two elements or
layers, or one or more intervening elements or layers
may also be present. The same reference numbers in-
dicate the same components throughout the specifica-
tion.

[0030] Hereinafter,embodiments ofthe presentdisclo-
sure will be described with reference to the accompany-
ing drawings.

[0031] FIG. 1 is a perspective view of a display device

1 according to an embodiment. FIG. 2 is a schematic
cross-sectional view of the display device 1, taken along
line II-1I' of FIG. 1. FIG. 3 is a schematic plan view of the
display device 1 illustrated in FIGS. 1 and 2.

[0032] Referring to FIGS. 1-3, the display device 1 is
applicable to various suitable electronic devices includ-
ing small and medium-sized electronic devices such as,
for example, a tablet personal computer (PC), a smart-
phone, a car navigation unit, a camera, a center informa-
tion display (CID) provided in a car, a wristwatch-type
electronic device, a personal digital assistant (PDA), a
portable multimedia player (PMP) and a game machine
and medium and large-sized electronic devices such as,
for example, a television, an external billboard, a monitor,
a PC and a notebook computer. However, these are just
examples, and the display device 1 is also applicable to
other electronic devices without departing from the scope
of the claims.

[0033] Insome embodiments, the display device 1 may
be rectangular in a plan view. The display device 1 may
include both short sides extending in a direction and both
long sides extending in another direction different from
the above direction. In a plan view, corners at which the
long and short sides of the display device 1 meet may
be right-angled, but may also be rounded. The planar
shape of the display device 1 is not limited to the above
examples and may also be a square, a circle, an ellipse,
or other shapes.

[0034] Thedisplaydevice 1 mayinclude adisplay area
DA which displays animage and a non-display area NDA
which does not display an image.
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[0035] The display area DA may be located in a central
portion of the display device 1. The display area DA may
include a plurality of pixels. The pixels may include a first
pixel PX1 which emits light of a first color (e.g., red light
having a peak wavelength in the range of about 610 nm
to about 650 nm), a second pixel PX2 which emits light
of a second color (e.g., green light having a peak wave-
length in the range of about 510 nm to about 550 nm),
and a third pixel PX3 which emits light of a third color
(e.g., blue light having a peak wavelength in the range
of about 430 nm to about 470 nm). The first pixel PX1,
the second pixel PX2, and the third pixel PX3 may be
alternately arranged along a matrix direction. The first
pixel PX1, the second pixel PX2, and the third pixel PX3
may be arranged in various suitable patterns such as,
for example, a stripe pattern and a pentile pattern.
[0036] The first pixel PX1, the second pixel PX2, and
the third pixel PX3 may respectively include a first light
emitting region LA1, a second light emitting region LA2,
and a third light emitting region LA3, and each include a
non-light emitting region LB. Each of the first light emitting
region LA1, the second light emitting region LA2, and the
third light emitting region LA3 is defined as aregion where
light is emitted from an organic layer, and the non-light
emitting region LB is defined as aregion where light emis-
sion of an organic layer does not occur. The non-light
emitting region LB may surround each of the first light
emitting region LA1, the second light emitting region LA2,
and the third light emitting region LA3. Each of the first
light emitting region LA1, the second light emitting region
LA2, and the third light emitting region LA3 may be sep-
arated from the non-light emitting region LB by a bank
layer which will be described herein below.

[0037] The wavelength of light output from each of the
first pixel PX1, the second pixel PX2, and the third pixel
PX3 may be adjusted not only by light emitted from the
first light emitting region LA1, the second light emitting
region LA2, and the third light emitting region LA3, re-
spectively, but also by a wavelength conversion pattern
or a color filter overlapping the first light emitting region
LA1, the second light emitting region LA2, and the third
light emitting region LA3, respectively. For example, the
first light emitting region LA1 of the first pixel PX1, the
second light emitting region PA2 of the second pixel PX2,
and the third light emitting region LA3 of the third pixel
PX3 may all emit light of the same (e.g., substantially the
same) wavelength (e.g., blue light). However, the color
of the emitted light may be changed to the output color
of a corresponding pixel by a wavelength conversion pat-
tern and/or a color filter in the corresponding pixel.
[0038] The non-display area NDA may be outside the
display area DA and surround the display area DA. The
non-display area NDA may not include a light emitting
region or may include a dummy light emitting region hav-
ing substantially the same structure as a light emitting
region but controlled not to emit light. In some embodi-
ments, the non-display area NDA may include a light
emitting region, but light emitted from the light emitting
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region in a display direction may be blocked by a light
shielding member.

[0039] As for the schematic stacked structure of the
display device 1, the display device 1 may include a first
substrate 10, a second substrate 30 facing the first sub-
strate 10, a filling pattern layer 70 interposed between
the first substrate 10 and the second substrate 30, and
a sealing portion 50 at edges of the first substrate 10 and
the second substrate 30 to bond the first substrate 10
and the second substrate 30 together.

[0040] Thefirstsubstrate 10 may include elements and
circuits (e.g., pixel circuits such as, for example, switch-
ing elements) for displaying an image, a bank layer de-
fining the first light emitting region LA1, the second light
emitting region LA2, the third light emitting region LA3,
and the non-light emitting region LB in the display area
DA, and organic light emitting elements. The first sub-
strate 10 may be a display substrate.

[0041] The second substrate 30 is located above the
first substrate 10 and faces the first substrate 10. The
second substrate 30 may be, but is not limited to, a color
conversion substrate including color conversion patterns
that convert the color of incident light.

[0042] The sealing portion 50 may be located between
the first substrate 10 and the second substrate 30 in the
non-display area NDA. The sealing portion 50 may be in
the non-display area NDA along the edges of the first
substrate 10 and the second substrate 30 to surround
the display area DA in a plan view. The first substrate 10
and the second substrate 30 may be bonded to each
other by the sealing portion 50. The sealing portion 50
may include, but is not limited to, an organic material
such as, for example, epoxy resin.

[0043] The filling pattern layer 70 may be located in a
space between the first substrate 10 and the second sub-
strate 30 surrounded by the sealing portion 50. The filling
pattern layer 70 may fill the space between the first sub-
strate 10 and the second substrate 30. The filling pattern
layer 70 may be made of a light transmitting material.
[0044] The filling pattern layer 70 may include a first
pattern portion 70a and a second pattern portion 70b.
The first pattern portion 70a and the second pattern por-
tion 70b may be alternately arranged along a first direc-
tiond1 andasecond direction d2. The first pattern portion
70a and the second pattern portion 70b may be made of
materials having different refractive indices. The second
pattern portion 70b may surround the first pattern portion
70a in a plan view.

[0045] For example, the first pattern portion 70a may
be a high refractive pattern having a higher refractive
index than the second pattern portion 70b, and the sec-
ond pattern portion 70b may be a low refractive pattern
having a lower refractive index than the first pattern por-
tion 70a. The first pattern portion 70a may include a high
refractive organic material such as, but not limited to, a
silicon-based organic material, an epoxy-based organic
material, and/or an epoxy-acrylic based organic material.
In some embodiments, the first pattern portion 70a may
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include silicone rubber. In addition, the second pattern
portion 70b may be an air layer (e.g., a layer including
atmospheric air) or may be a gas layer containing aninert
gas (e.g., nitrogen or argon) or various kinds of gas mix-
tures. The shape and manufacturing method of the filling
pattern layer 70 will be described herein below.

[0046] The structure of the display device 1 will now
be described in more detail with reference to FIGS. 4-8.
[0047] FIG. 4 is a cross-sectional view of the display
device 1 according to the embodiment, taken along line
IV-IV’ of FIG. 3. FIG. 5 is an enlarged cross-sectional
view of portion Q1 of FIG. 4. FIG. 6 is a cross-sectional
view of a modified example of the structure illustrated in
FIG. 5. FIG. 7 is a cross-sectional view of a modified
example of the structure illustrated in FIG. 5. FIG. 8 is a
cross-sectional view of a first substrate 10a according to
an embodiment.

[0048] First, referring to FIG. 4, the display device 1
may include the first substrate 10 and the second sub-
strate 30 and may further include the filling pattern layer
70 located between the first substrate 10 and the second
substrate 30 as described above.

[0049] The first substrate 10 will now be described in
more detail.

[0050] The first substrate 10 may include a first base
110, a first switching element T1, a second switching
element T2, and a third switching element T3, an insu-
lating layer 130, a bank layer 150, a first organic light
emitting element ED1, a second organic light emitting
element ED2, and a third organic light emitting element
ED3, and an encapsulation layer 170.

[0051] The firstbase 110 may be made of a light trans-
mitting material. The first base 110 may be a glass sub-
strate or a plastic substrate.

[0052] At least one selected from a first switching ele-
ment T1, a second switching element T2, and a third
switching element T3 may be on the first base 110 in the
first pixel PX1, the second pixel PX2, the third pixel PX3,
respectively. In some embodiments, a plurality of signal
lines (e.g., a gate line, a data line, a power supply line,
etc.) for transmitting signals to the first switching element
T1, the second switching element T2, or the third switch-
ing element T3 may be further on the first base 110.
[0053] The insulating layer 130 may be on the first
switching element T1, the second switching element T2,
and the third switching element T3. The insulating layer
130 may be made of an organic layer. For example, the
insulating layer 130 may include acrylic resin, epoxy res-
in, imide resin, and/or ester resin.

[0054] A first pixel electrode AE1, a second pixel elec-
trode AE2, and a third pixel electrode AE3 may be on the
insulating layer 130 in the first pixel PX1, the second pixel
PX2, and the third pixel PX3, respectively. The first pixel
electrode AE1, the second pixel electrode AE2, and the
third pixel electrode AE3 may be located within the first
light emitting region LA1, the second light emitting region
LA2, and the third light emitting region LA3, respectively,
but at least a portion of each of the first pixel electrode
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AE1, the second pixel electrode AE2, and the third pixel
electrode AE3 may extend to a non-light emitting region
LB. The first pixel electrode AE1, the second pixel elec-
trode AE2, and the third pixel electrode AE3 may be cou-
pled to the first switching element T1, the second switch-
ing element T2, and the third switching element T3, re-
spectively, through via holes passing through the insu-
lating layer 130, respectively.

[0055] In an embodiment, each of the first pixel elec-
trode AE1, the second pixel electrode AE2, and the third
pixel electrode AE3 may be an anode of an organic light
emitting element. The first pixel electrode AE1, the sec-
ond pixel electrode AE2, and the third pixel electrode
AE3 may be made of a high work function material into
which holes can be easily injected, such as, for example,
indium tin oxide (ITO), indium zinc oxide (IZO), zinc oxide
(Zn0), and/or indium oxide (In,O5). If the display device
1is atop emission display device, the first pixel electrode
AE1, the second pixel electrode AE2, and the third pixel
electrode AE3 may further include a reflective metal lay-
er. The reflective metal layer may include, for example,
silver (Ag), magnesium (Mg), aluminum (Al), platinum
(Pt), lead (Pd), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), chromium (Cr), lithium (Li), calcium (Ca),
and/or a mixture of the same. In some embodiments, the
first pixel electrode AE1, the second pixel electrode AE2,
and the third pixel electrode AE3 may have a multilayer
structure such as, for example, a two-layer structure of
ITO/Ag, Ag/ITO, ITO/Mg or ITO/MgF or a three-layer
structure of ITO/Ag/ITO.

[0056] The bank layer 150 may be located on the first
pixel electrode AE1, the second pixel electrode AE2, and
the third pixel electrode AE3. The bank layer 150 is lo-
cated along the boundaries of the first pixel PX1, the sec-
ond pixel PX2, and the third pixel PX3. The bank layer
150 may be formed in a lattice shape and include open-
ings, each at least partially exposing the first pixel elec-
trode AE1, the second pixel electrode AE2, and/or the
third pixel electrode AE3. As described above, each of
the firstlight emitting region LA1, the second light emitting
region LA2, and the third light emitting region LA3 may
be separated from the non-light emitting region LB by the
banklayer 150. For example, the first pixel electrode AE1,
the second pixel electrode AE2, and the third pixel elec-
trode AE3, a region not covered by the bank layer 150
may be the first light emitting region LA1, the second light
emitting region LA2, and the third light emitting region
LA3, respectively, and a region covered by the bank layer
150 may be the non-light emitting region LB.

[0057] The sizes of regions exposed by the openings
may be different from each other. For example, the areas
of the first light emitting region LA1, the second light emit-
ting region LA2, and the third light emitting region LA3
may be different from each other. In an embodiment, the
area of the first light emitting region LA1 may be the larg-
est, the area of the second light emitting region LA2 may
be the second largest, and the area of the third light emit-
ting region LA3 may be the smallest. In an embodiment,
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the areas of the first light emitting region LA1 and the
second light emitting region LA2 may be equal to each
other, and the area of the third light emitting region LA3
may be the smallest. In some embodiments, the areas
of the first light emitting region LA1, the second light emit-
ting region LA2, and the third light emitting region LA3
may be equal to each other.

[0058] In some embodiments, the bank layer 150 may
include an organic insulating material such as, for exam-
ple, polyacrylates resin, epoxy resin, phenolic resin,
polyamides resin, polyimides resin, unsaturated polyes-
ters resin, polyphenylenethers resin, polyphenyle-
nesulfides resin, and/or benzocyclobutene (BCB).
[0059] Afirstorganiclayer OL1, asecond organiclayer
OL2, and a third organic layer OL3 may be on the first
pixel electrode AE1, the second pixel electrode AE2, and
the third pixel electrode AE3, respectively, exposed by
the openings of the bank layer 150. The first organic layer
OLA1, the second organic layer OL2, and the third organic
layer OL3 will now be described in more detail with ref-
erence to FIGS. 5-7.

[0060] Although the stacked structure of only a first or-
ganic layer OL1 is illustrated in FIGS. 5-7, other organic
layers (e.g., a second organic layer and/or a third organic
layer) may also have the same stacked structure as the
first organic layer OL1.

[0061] Referring to FIG. 5, in an embodiment, the first
organic layer OL1 may include a first hole transport layer
HTL1 located on the first pixel electrode AE1, a first light
emitting layer EL11 located on the first hole transport
layer HTL1, and a first electron transport layer ETL1 lo-
cated on the first light emitting layer EL11. In the current
embodiment, the first organic layer OL1 may include one
light emitting layer, for example, the first light emitting
layer EL11, and the first light emitting layer EL11 may be
ablue light emitting layer. However, the stacked structure
of the first organic layer OL1 is not limited to the structure
of FIG. 5 and can be modified as illustrated in FIGS. 6
and 7.

[0062] Referring to FIG. 6, a first organic layer OL1a
may further include a first charge generation layer CFL11
located on a first light emitting layer EL11 and a second
light emitting layer EL12 located on the first charge gen-
eration layer CGL11, and a first charge transport layer
ETL1 may be located on the second light emitting layer
EL12.

[0063] The first charge generation layer CGL11 may
inject electric charges into each adjacent light emitting
layer. The first charge generation layer CGL11 may ad-
just the charge balance between the first light emitting
layer EL11 and the second light emitting layer EL12. In
some embodiments, the first charge generation layer
CGL11 may include an n-type charge generation layer
and a p-type charge generation layer. The p-type charge
generation layer may be on the n-type charge generation
layer.

[0064] The second light emitting layer EL12 may, but
not necessarily, emit blue light, like the first light emitting
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layer EL11. The second light emitting layer EL12 may
emit blue light having the same or different peak wave-
length as blue light emitted from the first light emitting
layerEL11.In an embodiment, the first light emitting layer
EL11 and the second light emitting layer EL12 may emit
light of different colors. For example, the second light
emitting layer EL12 may emit green light, whereas the
first light emitting layer EL11 emits blue light.

[0065] Since the first organic layer OL1a structured as
described above includes two light emitting layers, it may
have better luminous efficiency and a longer life than the
structure of FIG. 5.

[0066] FIG. 7 shows that a first organic layer OL1b can
include a first light emitting layer EL11, a second light
emitting layer EL12, and a third light emitting layer EL13
and a first charge generation layer CGL11 and a second
charge generation layer CGL12 interposed between the
first light emitting layer EL11, the second light emitting
layer EL12, and the third light emitting layer EL13. Re-
ferring to FIG. 7, the first organic layer OL1b may further
include a first charge generation layer CGL11 located on
a first light emitting layer EL11, a second light emitting
layer EL12 located on the first charge generation layer
CGL11, a second charge generation layer CGL12 locat-
ed on the second light emitting layer EL12, and a third
light emitting layer EL13 located on the second charge
generation layer CGL12. A first charge transport layer
ETL1 may be located on the third light emitting layer
EL13.

[0067] Thethird light emitting layer EL13 may emit blue
light, like the firstlight emitting layer EL11 and the second
light emitting layer EL12. In an embodiment, each of the
first light emitting layer EL11, the second light emitting
layer EL12, and the third light emitting layer EL13 may
emit blue light. Here, peak wavelengths of the blue light
emitted from the firstlight emitting layer EL11, the second
light emitting layer EL12, and the third light emitting layer
EL13 may all be the same, or some of the peak wave-
lengths may be different. In an embodiment, the first light
emitting layer EL11, the second light emitting layer EL12,
and the third light emitting layer EL13 may emit light of
different colors. For example, each light emitting layer
may emit blue light or green light. In some embodiments,
the light emitting layers may respectively emit red light,
green light and blue light, thereby providing white light
as a whole.

[0068] Referring again to FIG. 4, the first organic layer
OLA1, the second organic layer OL2, and the third organic
layer OL3 may be provided separately in the pixels, re-
spectively. For example, the first organic layer OL1, the
second organic layer OL2, and the third organic layer
OL3 may respectively be located on the first pixel elec-
trode AE1, the second pixel electrode AE2, and the third
pixel electrode AE3 exposed by the openings of the bank
layer 150 and may, thus, be separated from each other
by the bank layer 150.

[0069] For another example, referring to FIG. 8, a first
organic layer OL1c, a second organic layer OL2c, and a
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third organic layer OL3c may be coupled to each other.
Even if the first organic layer OL1c, the second organic
layer OL2c and the third organic layer OL3c are coupled
to each other, since only an organic layer in a region that
contacts each of the first pixel electrode AE1, the second
pixel electrode AE2, and the third pixel electrode AE3
emits light, there may be no difference (or substantially
no difference) in the light emitting region as compared
with the embodiment of FIG. 4. However, the embodi-
ment of FIG. 8 can improve process efficiency because
a process of separating an organic layer for each pixel
is not required.

[0070] Insomeembodiments, some of the stacked lay-
ers of each of the first organic layer OL1, the second
organiclayer OL2, and/or the third organic layer OL3 may
be formed separately in each pixel as illustrated in FIG.
4, and the other or others may be formed over the whole
surface regardless of the pixels as illustrated in FIG. 8.
For example, while a light emitting layer of each organic
layer is provided separately in each pixel, a hole transport
layer and/or an electron transport layer may be formed
as a common layer.

[0071] Referring again to FIG. 4, a common electrode
CE is on the first organic layer OL1, the second organic
layer OL2, and the third organic layer OL3. The common
electrode CE may be over the whole surface regardless
of the location of the first pixel PX1, the second pixel PX2,
and/or the third pixel PX3.

[0072] When each of the first pixel electrode AE1, the
second pixel electrode AE2, and the third pixel electrode
AE3 is an anode of an organic light emitting element, the
common electrode CE may be a cathode of the organic
light emitting element. The common electrode CE may
include a low work function material into which electrons
can be easily injected, such as, for example, Li, Ca,
LiF/Ca, LiF/Al, Al, Mg, Ag, Pt, Pd, Ni, Au, Nd, Ir, Cr, BaF,
Ba, and/or a compound or mixture of the same (e.g., a
mixture of Ag and Mg).

[0073] When the display device 1 is a top emission
display device, the common electrode CE may have
transparency or translucency. If the above low work func-
tion material is formed to a thickness as small as tens to
hundreds of angstroms, the common electrode CE may
have transparency or translucency. When a thin metal
layer having a low work function is used, the common
electrode CE may further include a transparent conduc-
tive material stacked on the thin metal layer in order to
secure transparency and reduce resistance. The trans-
parent conductive material layer may be tungsten oxide
(W, 0,), titanium oxide (TiO,), indium tin oxide (ITO), in-
dium zinc oxide (1ZO), zinc oxide (ZnO), indium tin zinc
oxide (ITZO), magnesium oxide (MgO), and/or the like.
[0074] The first pixel electrode AE1, the first organic
layer OL1 and the common electrode CE may constitute
a first organic light emitting element ED1, the second
pixel electrode AE2, the second organic layer OL2 and
the common electrode CE may constitute a second or-
ganic light emitting element ED2, and the third pixel elec-
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trode AE3, the third organic layer OL3 and the common
electrode CE may constitute a third organic light emitting
element EDS.

[0075] The encapsulation layer 170 is on the common
electrode CE. The encapsulation layer 170 may prevent
or reduce the introduction of impurities or moisture from
the outside. To this end, the encapsulation layer 170 may
be on the first organic light emitting element ED1, the
second organic light emitting element ED2, and the third
organic light emitting element ED3 to encapsulate the
first substrate 10.

[0076] The encapsulation layer 170 may be over the
whole surface regardless of the location of the first pixel
PX1, the second pixel PX2, and/or the third pixel PX3.
In an embodiment, the encapsulation layer 170 may di-
rectly cover the common electrode CE. In an embodi-
ment, a capping layer for covering the common electrode
CE may be further between the encapsulation layer 170
and the common electrode CE. In this case, the encap-
sulation layer 170 may directly cover the capping layer.
[0077] The encapsulation layer 170 may include a first
encapsulating inorganic layer 171, an encapsulating or-
ganic layer 173, and a second encapsulating inorganic
layer 175 sequentially stacked on the common electrode
CE.

[0078] Each of the first encapsulating inorganic layer
171 and the second encapsulating inorganic layer 175
may be made of silicon nitride, aluminum nitride, zirco-
nium nitride, titanium nitride, hafnium nitride, tantalum
nitride, silicon oxide, aluminum oxide, titanium oxide, tin
oxide, cerium oxide, silicon oxynitride (SiON), and/or lith-
ium fluoride.

[0079] The encapsulating organic layer 173 may be
made of acrylic resin, methacrylic resin, polyisoprene,
vinyl resin, epoxy resin, urethane resin, cellulose resin,
perylene resin, and/or the like.

[0080] The stacked structure of the encapsulation lay-
er 170 is not limited to the above example and can be
variously changed.

[0081] The second substrate 30 will now be described
in more detail.

[0082] The second substrate 30 may include a second
base 310, a light shielding member 320, a first color filter
331, a second color filter 333, a third color filter 335, a
first wavelength conversion pattern 341, a second wave-
length conversion pattern 343, a light transmission pat-
tern 345, a planarization layer OC, a first capping layer
PS1, a second capping layer, and a third capping layer
PS3.

[0083] Afirstlight outputting region PA1, a second light
outputting region PA2, a third light outputting region PA3,
and the non-light outputting region PB may be defined
on the second substrate 30. Each of the first light output-
ting region PA1, the second light outputting region PA2,
and the third light outputting region PA3 is defined as a
region where light is output to the outside, and the non-
light outputting region PB is defined as a region where
light is not output to the outside, but is blocked. The non-

10

15

20

25

30

35

40

45

50

55

light outputting region PB may surround each of the first
light outputting region PA1, the second light outputting
region PA2, and the third light outputting region PA3.
Each of the first light outputting region PA1, the second
light outputting region PA2, and the third light outputting
region PA3 may include the above-described first light
emitting region LA1, second light emitting region L2, third
light emitting LA3, respectively, and at least a portion of
the non-light emitting region LB. The non-light outputting
region PB may be within the non-light emitting region LB.
For example, the areas of the first light outputting region
PA1, the second light outputting region PA2, and the third
light outputting region PA3 may be larger than those of
thefirstlight emitting region LA1, the second light emitting
region LA2, and the third light emitting region LA3, re-
spectively, and the area of the non-light outputting region
PB may be smaller than that of the non-light emitting
region LB.

[0084] The areas ofthe firstlight outputting region PA1,
the second light outputting region PA2, and the third light
outputting region PA3 may be different from each other.
In an embodiment, the area of the first light outputting
region PA1 may be the largest, the area of a second light
outputting region PA2 may be the second largest, and
the area of a third light outputting region PA3 may be the
smallest. In an embodiment, the areas of the first light
outputting region PA1 and the second light outputting
region PA2 may be equal to each other, and the area of
the third light outputting region PA3 may be the smallest.
In some embodiments, the areas of the first light output-
ting region PA1, the second light outputting region PA2,
and the third light outputting region PA3 may be equal to
each other.

[0085] The second base 310 may be made of a light
transmitting material. The second base 310 may be a
glass substrate or a plastic substrate.

[0086] The light shielding member 320 may be on the
second base 310. The light shielding member 320 may
be located along the boundaries of the first pixel PX1,
the second pixel PX2, and the third PX3 and block trans-
mission of light. For example, the light shielding member
320 may be formed in a lattice shape in a plan view and
prevent or reduce color mixing due to invasion of light
between adjacent ones of the first light outputting region
PA1, the second light outputting region PA2, and the third
light outputting region PA3. The first light outputting re-
gion PA1, the second light outputting region PA2, and
the third light outputting region PA3 may be separated
from the non-light outputting region PB by the light shield-
ing member 320. For example, regions of the second
base 310 which do notoverlap the light shielding member
320 may be the first light outputting region PA1, the sec-
ond light outputting region PA2, and the third light out-
putting region PA3, and a region of the second base 310
which overlaps the light shielding member 320 may be
the non-light outputting region PB.

[0087] The light shielding member 320 may be made
of an organic material or a metal material including chro-
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mium. In some embodiments, the light shielding member
320 may be carbon black and/or an organic black matrix.
[0088] The first color filter 331, the second color filter
333, and the third color filter 335 may be on the second
base 310 and the light shielding member 320. The first
color filter 331 may overlap the first light outputting region
PA1, the second color filter 333 may overlap the second
light outputting region PA2, and the third color filter 335
may overlap the third light outputting region PA3.
[0089] Each ofthe first color filter 331, the second color
filter 333, and the third color filter 335 may transmit light
of a set or specific color only and block transmission of
light of other colors by absorbing the light. For example,
the first color filter 331 may transmit light of the first color
but may absorb light of the second color and light of the
third color to block the transmission of the light of the
second color and the light of the third color. As described
above, the light of the first color may be red light, the light
of the second color may be green light, and the light of
the third color may be blue light. For example, the first
color filter 331 may be a red color filter that transmits red
light but blocks green light and blue light by absorbing
the green light and the blue light and may contain a red
colorant.

[0090] The second color filter 333 may transmit light
of the second color but may absorb light of the first color
and light of the third color to block the transmission of
the light of the first color and the light of the third color.
For example, the second color filter 333 may be a green
color filter that transmits green light but blocks red light
and blue light by absorbing the red light and the blue light
and may contain a green colorant.

[0091] The third color filter 335 may transmit light of
the third color but may absorb light of the first color and
light of the second color to block the transmission of the
light of the first color and the light of the second color.
For example, the third color filter 335 may be a blue color
filter that transmits blue light but blocks red light and
green light by absorbing the red light and the green light
and may contain a blue colorant.

[0092] In some embodiments, a boundary portion be-
tween the first color filter 331, the second color filter 333,
and the third color filter 335 may be located in the non-
light outputting region PB. In addition, the light shielding
member 320 may be between the second base 310 and
the boundary portion between the first color filter 331,
the second color filter 333, and the third color filter 335.
[0093] The first capping layer PS1 may be located on
the first color filter 331, the second color filter 333, and
the third color filter 335. The first capping layer PS1 may
prevent or reduce the introduction of impurities such as,
for example, moisture or air from the outside and may
prevent or reduce damage to or contamination of the first
color filter 331, the second color filter 333, and the third
color filter 335. In addition, the first capping layer PS1
may prevent or reduce diffusion of a colorant contained
in each of the first color filter 331, the second color filter
333, and the third color filter 335 to other elements. In
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some embodiments, the first capping layer PS1 may be
made of an inorganic material. For example, the first cap-
ping layer PS1 may be made of silicon nitride, aluminum
nitride, zirconium nitride, titanium nitride, hafnium nitride,
tantalum nitride, silicon oxide, aluminum oxide, titanium
oxide, tin oxide, cerium oxide, and/or silicon oxynitride.
[0094] The first wavelength conversion pattern 341,
the second wavelength conversion pattern 343 and the
light transmission pattern 345 may be on the first capping
layer PS1.

[0095] The first wavelength conversion pattern 341
may be in the first light outputting region PA1 and may
not be in the second light outputting region PA2 and the
third light outputting region PA3. The first wavelength
conversion pattern 341 may convert a peak wavelength
of incident light into another set or specific peak wave-
length and output light having the set or specific peak
wavelength. For example, the first wavelength conver-
sion pattern 341 may convert blue light into red light in
the range of about 610 nm to about 650 nm and output
the red light.

[0096] The first wavelength conversion pattern 341
may include a first base resin 3411 and a first wavelength
conversion material 3413 dispersed in the first base resin
3411 and may further include a first scatterer 3415 dis-
persed in the first base resin 3411.

[0097] The first base resin 3411 may be any suitable
material having high light transmittance and superior dis-
persion characteristics for the first wavelength conver-
sion material 3413 and the first scatterer 3415. For ex-
ample, the first base resin 3411 may include an organic
material such as, for example, epoxy resin, acrylic resin,
cardo resin, and/or imide resin.

[0098] The first wavelength conversion material 3413
may convert a peak wavelength of incident light to an-
other set or specific peak wavelength. Examples of the
first wavelength conversion material 3413 may include
quantum dots, quantum rods, and/or phosphors. For ex-
ample, a quantum dot may be a particulate material that
emits light of a set or specific color when an electron
transits from a conduction band to a valence band.
[0099] The quantum dot may be a semiconductor na-
nocrystalline material. The quantum dot may have a set
or specific band gap according to its composition and
size. Thus, the quantum dot may absorb light and then
emit light having a unique wavelength. Examples of a
semiconductor nanocrystal of the quantum dot include a
group IV nanocrystal, a group 1l-VI compound nanocrys-
tal, a group IlI-V compound nanocrystal, a group IV-VI
nanocrystal, and combinations of the same.

[0100] The group IV nanocrystal may be, but is not
limited to, silicon (Si), germanium (Ge), or a binary com-
pound such as, for example, silicon carbide (SiC) and/or
silicon germanium (SiGe).

[0101] In addition, the group lI-VI compound nanoc-
rystal may be, but is not limited to, a binary compound
such as, for example, CdSe, CdTe, ZnS, ZnSe, ZnTe,
Zn0O, HgS, HgSe, HgTe, MgSe, MgS, and/or a combina-
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tion of the same, a ternary compound such as, for exam-
ple, CdSeS, CdSeTe, CdSTe, ZnSeS, ZnSeTe, ZnSTe,
HgSeS, HgSeTe, HgSTe, CdZnS, CdZnSe, CdZnTe,
CdHgS, CdHgSe, CdHgTe, HgZnS, HgZnSe, HgZnTe,
MgZnSe, MgZnS and/or a combination of the same,
and/or a quaternary compound such as, for example,
HgZnTeS, CdZnSeS, CdZnSeTe, CdZnSTe, CdHgSeS,
CdHgSeTe, CdHgSTe, HgZnSeS, HgZnSeTe, HgZn-
STe, and/or a combination of the same.

[0102] In addition, the group IlI-V compound nanoc-
rystal may be, but is not limited to, a binary compound
such as, for example, GaN, GaP, GaAs, GaSb, AIN, AlP,
AlAs, AISb, InN, InP, InAs, InSb, and/or a combination
of the same, a ternary compound such as, for example,
GaNP, GaNAs, GaNSb, GaPAs, GaPSb, AINP, AINAs,
AINSb, AIPAs, AIPSb, InNP, InNAs, InNSb, InPAs,
InPSb, GaAINP, and/or a combination of the same,
and/or a quaternary compound such as, for example,
GaAINAs, GaAINSb, GaAlPAs, GaAlPSb, GalnNP,
GalnNAs, GalnNSb, GalnPAs, GalnPSb, InAINP, InAIN-
As, INAINSD, InAIPAs, InAIPSb, and/or a combination of
the same.

[0103] The group IV-VI nanocrystal may be, but is not
limited to, a binary compound such as, for example, SnS,
SnSe, SnTe, PbS, PbSe, PbTe, and/or a combination of
the same, a ternary compound such as, for example,
SnSeS, SnSeTe, SnSTe, PbSeS, PbSeTe, PbSTe,
SnPbS, SnPbSe, SnPbTe, and/or a combination of the
same, and/or a quaternary compound such as, for ex-
ample, SnPbSSe, SnPbSeTe, SnPbSTe, and/or a com-
bination of the same.

[0104] The quantum dot may have a core-shell struc-
ture including a core containing the above-described na-
nocrystal and a shell surrounding the core. The shell of
the quantum dot may serve as a protective layer for main-
taining semiconductor characteristics by preventing or
reducing chemical denaturation of the core and/or as a
charging layer for giving electrophoretic characteristics
to the quantum dot. The shell may be a single layer or a
multilayer. Examples of the shell of the quantum dot in-
clude a metal or non-metal oxide, a semiconductor com-
pound, and a combination of the same.

[0105] Forexample, the metal or non-metal oxide may
be, but is not limited to, a binary compound such as, for
example, SiO,, Al,O3, TiO,, ZnO, MnO, Mn,03, Mn3Oy,
CuO, FeO, Fe,03, Fe30,4, CoO, Cosz0,4, and/or NiO,
and/or a ternary compound such as, for example,
MgAl,O,4, CoFe, 0,4, NiFe,0, and/or CoMn,O,.

[0106] In addition, the semiconductor compound may
be, but is not limited to, CdS, CdSe, CdTe, ZnS, ZnSe,
ZnTe, GaAs, GaP, GaSb, HgS, HgSe, HgTe, InAs, InP,
InSb, AlAs, AIP, and/or AISb.

[0107] Light emitted from the first wavelength conver-
sion material 3413 may have a full width at half maximum
(FWHM) of about 45 nm or less, about 40 nm or less, or
about 30 nm or less. Therefore, the color purity and color
reproducibility of the display device 1 can be improved.
In addition, the light emitted from the first wavelength
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conversion material 3413 may be radiated in various suit-
able directions regardless of the incident direction of in-
cident light. This can improve the lateral visibility of the
display device 1.

[0108] A portion of light L emitted from the first organic
light emitting element ED1 may be transmitted through
the firstwavelength conversion pattern 341 without being
converted into red light by the first wavelength conversion
material 3413. A component incident on the first color
filter 331 without being converted by the first wavelength
conversion pattern 341 may be blocked by the first color
filter 331. On the other hand, red light output from the
first wavelength conversion pattern 341 may be trans-
mitted to the outside through the first color filter 331. Ac-
cordingly, first light L1 output from the first light outputting
region PA1 may be red light.

[0109] The first scatterer 3415 may have a refractive
index different from that of the first base resin 3411 and
form an optical interface with the first base resin 3411.
For example, the first scatterer 3415 may be light scat-
tering particles. The first scatterer 3415 may be any suit-
able material that can scatter at least a portion of trans-
mitted light. For example, the first scatterer 3415 may be
metal oxide particles or organic particles. Examples of
the metal oxide include titanium oxide (TiO,), zirconium
oxide (ZrO,), aluminum oxide (Al,O3), indium oxide
(In,O3), zinc oxide (Zn0O), and tin oxide (SnO,). Exam-
ples of the organic particle material include acrylic resin
and urethane resin. The first scatterer 3415 may scatter
incident light in various suitable directions regardless of
the incident direction of the light without substantially
changing the wavelength of the light transmitted through
the first wavelength conversion pattern 341. Accordingly,
this can increase the length of the path of the light trans-
mitted through the first wavelength conversion pattern
341 and increase the color conversion efficiency of the
first wavelength conversion material 3413.

[0110] In some embodiments, the thickness of the first
wavelength conversion pattern 341 may be 3 um to 15
pm. The content of the first wavelength conversion ma-
terial 3413 in the first wavelength conversion pattern 341
may be 10% to 60%. In addition, the content of the first
scatterer 3415 in the first wavelength conversion pattern
341 may be 2% to 15%.

[0111] The second wavelength conversion pattern 343
may be in the second light outputting region PA2 and
may not be in the first light outputting region PA1 and the
third light outputting region PA3. The second wavelength
conversion pattern 343 may convert a peak wavelength
of incident light into another set or specific peak wave-
length and output light having the set or specific peak
wavelength. For example, the second wavelength con-
version pattern 343 may convert blue lightinto green light
in the range of about 610 nm to about 650 nm and output
the green light.

[0112] The second wavelength conversion pattern 343
may include a second base resin 3431 and a second
wavelength conversion material 3433 dispersed in the



19 EP 3 654 383 A1 20

second base resin 3431 and may furtherinclude a second
scatterer 3435 dispersed in the second base resin 3431.
[0113] The second base resin 3431 may be any suit-
able material having high light transmittance and superior
dispersion characteristics for the second wavelength
conversion material 3433 and the second scatterer 3435.
For example, the second base resin 3431 may include
an organic material such as, for example, epoxy resin,
acrylic resin, cardo resin, and/or imide resin.

[0114] The second wavelength conversion material
3433 may convert a peak wavelength of incident light
into another set or specific peak wavelength as described
above. For example, the second wavelength conversion
material 3433 may convertblue light having a peak wave-
length in the range of 430 nm to 470 nm into green light
having a peak wavelength in the range of 510 nm to 550
nm.

[0115] Examples ofthe second wavelength conversion
material 3433 may include quantum dots, quantum rods,
and phosphors. The second wavelength conversion ma-
terial 3433 is substantially the same or similar to the first
wavelength conversion material 3413 described above,
and thus, a duplicative description thereofis not repeated
here.

[0116] The first wavelength conversion material 3413
and the second wavelength conversion material 3433
may all be composed of quantum dots. In this case, the
diameter of quantum dots constituting the first wave-
length conversion material 3413 may be greater than that
of quantum dots constituting the second wavelength con-
version material 3433. Forexample, the quantum dot size
of the first wavelength conversion material 3413 may be
about 55 angstroms (A) to about 65 A. In addition, the
quantum dot size of the second wavelength conversion
material 3433 may be about 40 A to about 50 A.

[0117] Light that passed through the first wavelength
conversion pattern 341 and the second wavelength con-
version pattern 343 may be in an unpolarized state
through depolarization. As used herein, the term "unpo-
larized light" refers to light that is not composed only of
polarization components in a set or specific direction, for
example, lightthatis not polarized only in a set or specific
direction, in otherwords, light thatis composed ofrandom
polarization components. An example of the unpolarized
light is natural light.

[0118] The second scatterer 3435 may have a refrac-
tive index different from that of the second base resin
3431 and form an optical interface with the second base
resin 3431. For example, the second scatterer 3435 may
be light scattering particles. The second scatterer 3435
is substantially the same or similar to the first scatterer
3415 described above, and thus, a duplicative descrip-
tion thereof is not repeated here.

[0119] Insome embodiments, the thickness of the sec-
ond wavelength conversion pattern 343 may be 3 um to
15 pm. The content of the second wavelength conversion
material 3433 in the second wavelength conversion pat-
tern 343 may be 10% to 60%. In addition, the content of
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the second scatterer 3435 in the second wavelength con-
version pattern 343 may be 2% to 15%.

[0120] Light L emitted from the second organic light
emitting element ED2 may be provided to the second
wavelength conversion pattern 343, and the second
wavelength conversion material 3433 may convert the
light L emitted from the second organic light emitting el-
ement ED2 into green light having a single peak wave-
length in the range of about 510 nm to about 550 nm and
output the green light.

[0121] A portion of the light L emitted from the second
organic light emitting element ED2 may be transmitted
through the second wavelength conversion pattern 343
without being converted into green light by the second
wavelength conversion material 3433 and may be
blocked by the second color filter 333. On the other hand,
of the emitted light L, green light output from the second
wavelength conversion pattern 343 may be transmitted
to the outside through the second color filter 333. Accord-
ingly, second light L2 output from the second light out-
putting region PA2 may be green light.

[0122] The light transmission pattern 345 may be lo-
cated in the third light outputting region PA3 and may not
be located in the first light outputting region PA1 and the
second light outputting region PA2. The light transmis-
sion pattern 345 may transmit incident light.

[0123] The light transmission pattern 345 may include
a third base resin 3451 and a third scatterer 3455 dis-
persed in the third base resin 3451.

[0124] The third base resin 3451 may be made of an
organic material having high light transmittance. The third
base resin 3451 may be made of the same (e.g., sub-
stantially the same) material as the first base resin 3411
or may include at least one of the materials mentioned
as examples of the material of the first base resin 3411.
[0125] The third scatterer 3455 may have a refractive
index different from that of the third base resin 3451 and
form an optical interface with the third base resin 3451.
For example, the third scatterer 3455 may be light scat-
tering particles. The third scatterer 3455 may be any suit-
able material that can scatter at least a portion of trans-
mitted light. For example, the third scatterer 3455 may
be metal oxide particles or organic particles. Examples
of the metal oxide include titanium oxide (TiO,), zirconi-
um oxide (ZrO,), aluminum oxide (Al,O3), indium oxide
(In,O3), zinc oxide (Zn0O), and tin oxide (SnO,). Exam-
ples of the organic particle material include acrylic resin
and urethane resin. The third scatterer 3455 may scatter
incident light in various suitable directions regardless of
the incident direction of the light without substantially
changing the wavelength of the light transmitted through
the light transmission pattern 345. Accordingly, this can
improve the lateral visibility of the light transmitted
through the light transmission pattern 345.

[0126] Light L emitted from the third organic light emit-
ting element EDS is transmitted to the outside through
the light transmission pattern 345 and the third color filter
335. For example, third light L3 output from the third light
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outputting region PA3 may have the same (e.g., substan-
tially the same) wavelength as the light L, e.g., blue light
emitted from the third organic light emitting element ED3.
[0127] The areas of the first wavelength conversion
pattern 341, the second wavelength conversion pattern
343 and the light transmission pattern 345 respectively
corresponding to the first light outputting region PA1, the
second light outputting region PA2, and the third light
outputting region PA3 may be different from each other.
In an embodiment, the area of the first wavelength con-
version pattern 341 may be the largest, the area of the
second wavelength conversion pattern 343 may be the
second largest, and the area of the light transmission
pattern 345 may be the smallest. In an embodiment, the
areas of the first wavelength conversion pattern 341 and
the second wavelength conversion pattern 343 may be
equal to each other, and the area of the light transmission
pattern 345 may be the smallest. In some embodiments,
the areas of the first wavelength conversion pattern 341,
the second wavelength conversion pattern 343, and the
light transmission pattern 345 may be equal to each oth-
er.

[0128] In some embodiments, a first low refractive lay-
ermay be further provided between the first capping layer
PS1 and the first wavelength conversion pattern 341, the
second wavelength conversion pattern 343 and the light
transmission pattern 345. The first low refractive layer
may be over the first light outputting region PA1, the sec-
ond light outputting region PA2, the third light outputting
region PA3, and the non-light outputting region PB. The
first low refractive layer may have a lower refractive index
than the first wavelength conversion pattern 341, the sec-
ond wavelength conversion pattern 343, and the light
transmission pattern 345. For example, a difference in
refractive index between each of the first wavelength con-
version pattern 341, the second wavelength conversion
pattern 343 and the light transmission pattern 345 and
the first refractive layer may be 0.3 or more. The first low
refractive layer may include a base resin and particles
dispersed in the base resin. The particles included in the
first low refractive layer may be at least any one selected
from zinc oxide (ZnO) particles, titanium dioxide (TiO,)
particles, hollow silica particles, non-hollow silica parti-
cles, nano silicate particles, and porogen particles.
[0129] The first low refractive layer may reflect a por-
tion of light, which is emitted from the first wavelength
conversion pattern 341 and the second wavelength con-
version pattern 343 toward the second base 310, back
toward the first wavelength conversion pattern 341 and
the second wavelength conversion pattern 343. For ex-
ample, the first low refractive layer can improve light uti-
lization efficiency and optical efficiency of the display de-
vice 1 by recycling atleasta portion of light emitted toward
the second base 310.

[0130] The second capping layer PS2 may be located
on the first wavelength conversion pattern 341 and the
second wavelength conversion pattern 343. The second
capping layer PS2 may cover the first wavelength con-
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version pattern 341 and the second wavelength conver-
sion pattern 343. In some embodiments, the second cap-
ping layer PS2 may be further located on the light trans-
mission pattern 345 and may further cover the light trans-
mission pattern 345. The second capping layer PS2 may
seal the first wavelength conversion pattern 341 and the
second wavelength conversion pattern 343 together with
the first capping layer PS1, thereby preventing or reduc-
ing introduction of impurities such as, for example, mois-
ture or air from the outside and thereby preventing or
reducing damage to or contamination of the first wave-
length conversion pattern 341 and the second wave-
length conversion pattern 343. In some embodiments,
the second capping layer PS2 may be made of an inor-
ganic material. The second capping layer PS2 may be
made of the same (e.g., substantially the same) material
as the first capping layer PS1 or may include at least one
of the materials mentioned in the description of the first
capping layer PS1.

[0131] Insome embodiments, a filter layer may be fur-
ther provided on the first wavelength conversion pattern
341, the second wavelength conversion pattern 343 and
the light transmission pattern 345. The filter layer may
be a reflective filter that transmits light having a set or
specific wavelength region and reflects light having other
set or specific wavelength regions. For example, the filter
layer may transmit light of the third color and reflect light
of the first color and light of the second color.

[0132] Thefilterlayer mayimprove light output efficien-
cy by recycling light of the first color and light of the sec-
ond color, which are emitted from the first wavelength
conversion pattern 341 and the second wavelength con-
version pattern 343 toward the first substrate 10, back
toward the second base 310. In addition, the filter layer
may transmit light of the third color emitted from the or-
ganic light emitting elements ED1 through ED3, but re-
flect light having a central wavelength that is longer than
that of the light of the third color, thereby improving the
color purity of the light of the third color emitted from the
first organic light emitting element ED1, the second or-
ganic light emitting element ED2, and the third organic
light emitting element ED3.

[0133] The planarization layer OC may be further on
the second capping layer PS2. When the first wavelength
conversion pattern 341, the second wavelength conver-
sion pattern 343 and the light transmission pattern 345
are formed to different thicknesses in a process or when
there is a gap between these elements, the planarization
layer OC may make the heights of the above elements
and the gap generally uniform. If the heights of the ele-
ments are generally uniform, the planarization layer OC
may be omitted.

[0134] The planarization layer OC may be made of any
suitable material having planarization characteristics. In
an embodiment, the planarization layer OC may include
an organic material. Examples of the organic material
may include cardo resin, polyimide resin, acrylic resin,
siloxane resin, and silsesquioxane resin.
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[0135] The third capping layer PS3 may be further pro-
vided on the planarization layer OC. The third capping
layer PS3 may cover the whole of the planarization layer
OC. When the planarization layer OC is omitted as de-
scribed above, the third capping layer PS3 may also be
omitted. The third capping layer PS3 may be made of an
inorganic material. The third capping layer PS3 may be
made of the same (e.g., substantially the same) material
as the first capping layer PS1 or may include at least one
of the materials mentioned in the description of the first
capping layer PS1.

[0136] Features such as the first, second and third cap-
ping layers, the filter layers and the low refractive index
layers, may be combined, together or separately in any
combination with any of the embodiments related to the
shapes of the first and second pattern portions of the
filling layer, and also with embodiments related to the
materials and their properties of which the filling layer is
made.

[0137] The filling pattern layer 70 may be in the space
between the second substrate 30 and the first substrate
10. The filling pattern layer 70 may be made of a light
transmitting material. The filling pattern layer 70 may be
between the first substrate 10 and the second substrate
30 to serve as a buffer that enables the first substrate 10
and the second substrate 30 to be stably bonded togeth-
er. In addition, the filling pattern layer 70 may include the
first pattern portion 70a and the second pattern portion
70b to form a path along which light L emitted from the
first substrate 10 travels to the second substrate 30 in
each of the first light outputting region PA1, the second
light outputting region PA2, and the third light outputting
region PA3.

[0138] Thefirst pattern portion 70a and the second pat-
tern portion 70b of the filling pattern layer 70 may be
alternately arranged in a cross sectional view. Generally,
the first pattern portion 70a may overlap each of the first
light outputting region PA1, the second light outputting
region PA2, and the third light outputting region PA3, and
the second pattern portion 70b may overlap the non-light
outputting region PB. In some embodiments, at least a
part of the first pattern portion 70a may overlap the non-
light outputting region PB, and at least a part of the sec-
ond pattern portion 70b may overlap each of the first light
outputting region PA1, the second light outputting region
PA2, and the third light outputting region PA3.

[0139] Thefirst pattern portion 70a and the second pat-
tern portion 70b may be made of materials having differ-
ent refractive indices. For example, the first pattern por-
tion 70a may include a material having a higher refractive
index than the second pattern portion 70b, and the sec-
ond pattern portion 70b may include a material having a
lower refractive index than the first pattern portion 70a.
[0140] The first pattern portion 70a may be made of,
but not limited to, a silicon-based organic material, an
epoxy-based organic material, and/or an epoxy-acrylic
based organic material. In some embodiments, the first
pattern portion 70a may include silicone rubber. In addi-
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tion, the second pattern portion 70b may be an air layer
(e.g., a layer including atmospheric air) or may be a gas
layer containing an inert gas (e.g., nitrogen or argon) or
various kinds of gas mixtures.

[0141] The first pattern portion 70a may be made of a
material having arefractive index greaterthan 1.5in order
to induce effective total reflection at a boundary surface
between the first pattern portion 70a and the second pat-
tern portion 70b. However, the first pattern portion 70a
can be made of any suitable material as long as its re-
fractive index is different from that of the second pattern
portion 70b by 0.3 or more.

[0142] When the second pattern portion 70b includes
an air layer (e.g., a layer including atmospheric air) or a
gas layer, the refractive index of the second pattern por-
tion 70b may be substantially close to 1.0. For example,
the difference in refractive index between the first pattern
portion 70a and the second pattern portion 70b may be
0.5 or more, in which case total reflection may occur ef-
fectively atthe boundary surface between the first pattern
portion 70a and the second pattern portion 70b.

[0143] In an embodiment, the second pattern portion
70b may include a low refractive material layer, instead
of an air layer. The low refractive material layer may be
made of a material having a higher refractive index than
the air layer and a lower refractive index than the first
pattern portion 70a. A second pattern portion including
the low refractive material layer will be described in more
detail herein below with reference to FIG. 15.

[0144] Forexample,thefilling patternlayer 70 may pre-
vent or reducing color mixing of the display device 1 by
preventing or reducing the entrance of light L emitted
from the first light emitting region LA1 to the second light
outputting region PA2 or the third light outputting region
PAS3 other than the first light outputting region PA1. As
the filling pattern layer 70 has a smaller thickness H, the
color mixing of the display device 1 can be prevented or
reduced more effectively.

[0145] An optical path at each boundary surface of the
filling pattern layer 70 will now be described in more detail
with reference to FIG. 9.

[0146] FIG. 9 is a partial enlarged view illustrating an
optical path in area A of FIG. 4.

[0147] Referringto FIGS. 4 and 9, the first organic light
emitting element ED1, the second organic light emitting
element ED2, and the third organic light emitting element
ED3 may emit blue light L, and the emitted light L may
travel toward the second substrate 30. As described
above, the filling pattern layer 70 may be between the
first substrate 10 and the second substrate 30. In addi-
tion, the filling pattern layer 70 may include the first pat-
tern portion 70a and the second pattern portion 70b, and
the first pattern portion 70a may overlap each of the first
light emitting region LA1, the second light emitting region
LA2, and the third light emitting region LA3, and the sec-
ond pattern portion 70b may overlap the non-light emit-
ting region LB. For example, the light L emitted from each
of the first organic light emitting element ED1, the second
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organic light emitting element ED2, and the third light
emitting element ED3 may be incident on the first pattern
portion 70a of the filling pattern layer 70.

[0148] The light L incident on the first pattern portion
70a may generally travel toward the second substrate 30
within each of the first light outputting region PA1, the
second light outputting region PA2, and the third light
outputting region PA3. However, some of a first light
beam Lc, a second light beam Lb, and/or a third light
beam La of the incident light L may travel from the first
pattern portion 70a toward the second pattern portion
70b.

[0149] Thefirst pattern portion 70a and the second pat-
tern portion 70b may have different refractive indices and
may form a boundary surface 70i. If media have different
refractive indices on both sides of the boundary surface
70i, an optical interface may be formed, and light incident
on the boundary surface 70i may be refracted or reflect-
ed. Therefore, the first light beam Lc, the second light
beam Lb, and the third light beam La traveling from the
first pattern portion 70a having a high refractive index
toward the second pattern portion 70b having a low re-
fractive index may be refracted to the second pattern
portion 70b or reflected to the first pattern portion 70a.
[0150] Thedirections of the first light beam Lc, the sec-
ond light beam Lb, and the third light beam La may be
respectively determined by firstincidentangle 6¢, second
incident angle 6b, and third incident angle 0a of the first
light beam Lc, the second light beam Lb, and the third
light beam La incident on the boundary surface 70i be-
tween the first pattern portion 70a and the second pattern
portion 70b. For example, when the first incident angle
Oc of the first light beam Lc is smaller than a critical angle,
first reflected light Lc’ may be reflected at the boundary
surface 70i, but first transmitted light Lc" may be trans-
mitted to the second pattern portion 70b. When the sec-
ondincidentangle 6b ofthe second light beam Lb is equal
to the critical angle, critical light Lb’ may travel along the
boundary surface 70i without being reflected or refracted.
When the third incident angle 6a of the third light beam
La is greater than the critical angle, third reflected light
La’ may be totally reflected at the boundary surface 70i
to the first pattern portion 70a without being refracted to
the second pattern portion 70b. Here, as more light is
totally reflected, more light may be concentrated on the
first pattern portion 70a.

[0151] The critical angle may be determined by the re-
fractive indices of the first pattern portion 70a and the
second pattern portion 70b. The critical angle is reduced
as the difference between the refractive index of the first
pattern portion 70a and the refractive index of the second
pattern portion 70b increases. For example, a larger dif-
ference inrefractive indexleads to a smaller critical angle,
causing more light to be totally reflected.

[0152] Due to the structural or optical characteristics
described above, the filling pattern layer 70 can concen-
trate light on the first pattern portion 70a corresponding
to eachlightemitting region. Thus, animproved lightemit-
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ting effect can be provided. In addition, since the filling
pattern layer 70 minimizes or reduces dispersion of light
to the second pattern portion 70b, the color mixing be-
tween the first light outputting region PA1, the second
light outputting region PA2, and the third light outputting
region PA3 can be prevented or reduced.

[0153] FIGS. 33 and 34 are graphs illustrating the
change in color mixing critical angle with respect to the
gap between light emitting regions and the thickness of
thefilling patternlayer 70. Forexample, FIG. 33is agraph
schematically illustrating the color mixing critical angle
with respect to the gap between light emitting regions.
FIG. 34 is a graph schematically illustrating the color mix-
ing critical angle with respect to the thickness of the filling
pattern layer 70.

[0154] Referring to FIG. 33, the x axis of the graph of
FIG. 33 represents a gap between the first light emitting
region LA1, the second light emitting region LA2, and the
third light emitting region LA3. In other words, the gap
between the first light emitting region LA1, the second
light emitting region LA2, and the third light emitting re-
gion LA3 may be defined as the width of the non-light
emitting region LB located between the first light emitting
region LA1, the second light emitting region LA2, and the
third light emitting region LA3. In the graph of FIG. 33,
the y axis represents a color mixing critical angle 0.,
between the first light emitting region LA1, the second
light emitting region LA2, and the third light emitting re-
gion LA3. Even if the filling pattern layer 70 is patterned,
light emitted at an angle larger than the color mixing crit-
ical angle 6.,, may travel toward an adjacent light out-
putting region, causing color mixing.

[0155] For example, of the light emitted from the sec-
ond light emitting region LA2 as illustrated in FIG. 4, light
emitted at an angle larger than the color mixing critical
angle 6., may be output not through the second light
outputting region PA2 overlapping the second light emit-
ting region LA2, but through the first light outputting re-
gion PA1 or the third light outputting region PA3 adjacent
to the second light outputting region PA2. For example,
as the value of the color mixing critical angle 6, is larger,
the color mixing between the first light outputting region
PA1, the second light outputting region PA2, and the third
light outputting region PA3 may not occur.

[0156] The graph of FIG. 33 illustrates the color mixing
critical angle 0., when the gap between the first light
emitting region LA1, the second light emitting region LA2,
and the third light emitting region LA3 is gradually in-
creased after the thickness H of the filling pattern layer
70 is set to a certain value. For example, the graph of
FIG. 33 illustrates the relationship between the gap be-
tween the first light emitting region LA1, the second light
emitting region LA2, and the third light emitting region
LA3 and the color mixing critical angle 8, when the thick-
ness H of the filling pattern layer 70 is 12 pm.

[0157] As apparent from the graph of FIG. 33, as the
gap between the first light emitting region LA1, the sec-
ond light emitting region LA2, and the third light emitting



27 EP 3 654 383 A1 28

region LA3 increases gradually, the value of the color
mixing critical angle 6., also increases gradually. In ad-
dition, the color mixing critical angle 6.,, increases sharp-
ly as the gap between the first light emitting region LA1,
the second light emitting region LA2, and the third light
emitting region LA3 increases, but the increase in the
color mixing critical angle 6., decreases as the color
mixing critical angle 6, becomes closer to 90 degrees.
[0158] For example, it can be seen from the graph of
FIG. 33 that the color mixing between the first light out-
putting region PA1, the second light outputting region
PA2, and the third light outputting region PA3 decreases
sharply as the gap between the first light emitting region
LA1, the second light emitting region LA2, and the third
light emitting region LA3 increases. However, it can be
seen that the increase in the color mixing critical angle
6.y, decreases greatly as the color mixing critical angle
6.y, increases, and thus, the color mixing critical angle
O.m is close to 90 degrees.

[0159] Referring to FIG. 34, the x axis of the graph of
FIG. 34 represents the thickness H of the filling pattern
layer 70. In the graph of FIG. 34, the y axis represents
the color mixing critical angle 6, between the first light
emitting region LA1, the second light emitting region LA2,
and the third light emitting region LA3, as in FIG. 33.
[0160] The graph of FIG. 34 illustrates the color mixing
critical angle 6, when the thickness H of the filling pat-
tern layer 70 is gradually increased after the gap between
the firstlight emitting region LA1, the second light emitting
region LA2, and the third light emitting region LA3 is set
to a certain value. For example, the graph of FIG. 34
illustrates the relationship between the thickness H of the
filling pattern layer 70 and the color mixing critical angle
6.m When the gap between the first light emitting region
LA1, the second light emitting region LA2, and the third
light emitting region LA3 is 20 pm.

[0161] Asapparentfromthe graph of FIG. 34, the value
of the color mixing critical angle 6., decreases gradually
as the thickness H of the filling pattern layer 70 increases
gradually. In addition, the value of the color mixing critical
angle 6., may be reduced by a substantially constant
amount according to the thickness H of the filling pattern
layer 70. For example, it can be seen that the color mixing
between the first light outputting region PA1, the second
light outputting region PA2, and the third light outputting
region PA3 increases gradually as the thickness H of the
filling pattern layer 70 increases.

[0162] FIG. 10 is a cross-sectional view of the display
device 1 according to the embodiment, taken along line
X-X' of FIG. 3. FIG. 11 is a cross-sectional view of a
display device 1_1 according to an embodiment, taken
along the line X-X’ of FIG. 3.

[0163] The cross-sectional view of FIG. 4 is a cross-
sectional view taken along the line V-1V’ of the plan view
of FIG. 3 in the first direction d1. On the other hand, the
cross-sectional view of FIG. 10 is a cross-sectional view
taken along the line X-X’ of the plan view of FIG. 3 in the
second direction d2 perpendicular (e.g., substantially
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perpendicular) to the first direction d1.

[0164] Referring to FIG. 10, the display device 1 may
include the first substrate 10, the second substrate 30
facing the first substrate 10, and the filling pattern layer
70 between the first substrate 10 and the second sub-
strate 30.

[0165] A fourth color filter 337 and a third wavelength
conversion pattern 347 overlapping a fourth light output-
ting region PA4 in the second substrate 30 may be dif-
ferent from the first color filter 331 and the first wavelength
conversion pattern 341 overlapping the first light output-
ting region PA1. For example, the first wavelength con-
version pattern 341 in the first light outputting region PA1
may convert incident light into light of the first color, and
the first color filter 331 may transmit the light of the first
color. Therefore, the first light outputting region PA1 may
be a region from which the light of the first color is output
to the outside. However, the fourth light outputting region
PA4 may be a region from which light of the second color
or light of the third color other than the light of the first
color is output to the outside. The fourth light outputting
region PA4 will be described below as a region from
which the light of the second color is output to the outside.
However, the present disclosure is not limited to this
case, and the fourth light outputting region PA4 may also
be a region from which the light of the third color is output
to the outside.

[0166] The third wavelength conversion pattern 347 of
the fourth light outputting region PA4 may convert inci-
dent light into light of the second color. For example, the
third wavelength conversion pattern 347 may be sub-
stantially the same as the second wavelength conversion
pattern 343. The third wavelength conversion pattern 347
may include a fourth base resin 3471 and a third wave-
length conversion material 3473 and a fourth scatterer
3475 dispersed in the fourth base resin 3471. The fourth
color filter 337 may transmit the light of the second color
output from the third wavelength conversion pattern 347
and block other light by absorbing the light.

[0167] Fourth light L4 output from the fourth light out-
putting region PA4 may be light of a color different from
that of the firstlight L1 output from the first light outputting
region PA1. For example, the filling pattern layer 70 may
be patterned into the first portion 70a and the second
pattern 70b as described above in order to prevent or
reduce the color mixing between the first light outputting
region PA1 and the fourth light outputting region PA4.
[0168] The filling pattern layer 70 may include the first
pattern portion 70a and the second pattern portion 70b.
The first pattern portion 70a may overlap each of the first
light outputting region PA1 and the second light output-
ting region PA4, and the second pattern portion 70b may
overlap the non-light outputting region PB.

[0169] Referring to the plan view of FIG. 3 and the
cross-sectional view of FIG. 4 as well as the cross-sec-
tional view of FIG. 10, the first pattern portion 70a may
be located separately in each light outputting region. For
example, the first pattern portions 70a respectively over-
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lapping the light outputting regions may be spaced apart
from each other. In other words, the first pattern portion
70a may be formed as an independent island in each
light outputting region in a plan view.

[0170] The light L emitted from the first organic light
emitting element ED1 and the fourth organic light emitting
element ED4 may be incident on the filling pattern layer
70. As described above with reference to FIG. 9, some
of the light L may not be transmitted to the second pattern
portion 70b through total reflection at the optical interface
between the first pattern portion 70a and the second pat-
tern portion 70b, but may be concentrated on the first
pattern portion 70a. For example, because the filling pat-
tern layer 70 can concentrate light on the first pattern
portion 70a corresponding to each light emitting region,
an improved light emitting effect can be provided. In ad-
dition, since the filling pattern layer 70 minimizes or re-
duces dispersion of light to the second pattern portion
70b, the color mixing between the first light outputting
region PA1 and the fourth light outputting region PA4 can
be prevented or reduced.

[0171] The embodimentof FIG. 11 is different from the
embodiment of FIG. 10 in that a filling pattern layer 70_1
is continuous in the second direction d2 without being
patterned. Thus, differences from FIG. 10 will be mainly
described below.

[0172] ReferringtoFIG. 11,thedisplay device 1_1 may
include a first substrate 10, a second substrate 30 facing
the first substrate 10, and the filling pattern layer 70_1
between the first substrate 10 and the second substrate
30.

[0173] Afourth colorfilter 337_1 and a third wavelength
conversion pattern 347_1 overlapping a fourth light out-
putting region PA4 in the second substrate 30 may be
the same (e.g., substantially the same) as a first color
filter 331 and a first wavelength conversion pattern 341
overlapping a first light outputting region PA1. For exam-
ple, the first wavelength conversion pattern 341 in the
first light outputting region PA1 may convert incident light
into light of the first color, and the first color filter 331 may
transmit the light of the first color. Therefore, the first light
outputting region PA1 may be a region from which the
light of the first color is output to the outside. In addition,
the fourth light outputting region PA4 may be a region
from which the light of the first color is output to the out-
side.

[0174] Fourth light L4 output from the fourth light out-
putting region PA4 may have the same (e.g., substan-
tially the same) color as first light L1 output from the first
light outputting region PA1. For example, because there
is no (or substantially no) possibility of color mixing be-
tween the first light outputting region PA1 and the fourth
light outputting region PA4, the filling pattern layer 70_1
may be formed to be continuous without being patterned.
[0175] Thefilling pattern layer 70_1 may overlap each
of the light outputting regions PA1 and PA4 and a non-
light outputting region PB between the first light output-
tingregion PA1 and the fourth light outputting region PA4.
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[0176] Referring to the plan view of FIG. 3 and the
cross-sectional view of FIG. 4 as well as the cross-sec-
tional view of FIG. 11, first pattern portions 70a may be
spaced apart from each other in the first direction d1 but
may be continuous in the second direction d2. In other
words, the first pattern portions 70a may be formed in a
stripe shape extending in the second direction d2 in a
plan view.

[0177] A second pattern portion 70b may be in a non-
light outputting region between the first pattern portions
70a formed in a stripe shape in order to prevent or reduce
the color mixing between light outputting regions.
[0178] Various suitable planar forms of the filling pat-
tern layer 70 will be described herein below with refer-
ence to FIGS. 28-32.

[0179] FIGS. 12-14 are cross-sectional views of dis-
play devices according to embodiments, taken along the
line IV-IV’ of FIG. 3.

[0180] Referring to FIG. 12, a display device 1_2 ac-
cording to the current embodiment is substantially the
same or similar to the display device 1 of FIG. 4 except
that the configuration of a second substrate 30_2 is dif-
ferent from that of the second substrate 30 of the display
device 1. Thus, differences will be mainly described be-
low.

[0181] The second substrate 30_2, unlike the second
substrate 30 of FIG. 4, may include a first light shielding
member 320_2 and a second light shielding member
321_2. The first light shielding member 320_2 and the
second light shielding member 321_2 may be located in
a non-light outputting region PB and may not be located
in a first light outputting region PA1, a second light out-
putting region PA2 and a third light outputting region PA3.
For example, the first light shielding member 320_2 may
be in a substantially lattice pattern in a plan view and
prevent or reduce color mixing caused by the invasion
of light between adjacent light outputting regions.
[0182] The first light shielding member 320_2 may in-
clude a color filter portion 320_2a and a light shielding
portion 320_2b. The first light shielding member 320_2
may be between a boundary portion of each of the first
color filter 331, the second color filter 333, and the third
color filter 335 and a second base 310.

[0183] The color filter portion 320_2a may be on a sur-
face ofthe second base 310. In an embodiment, the color
filter portion 320_2a may be substantially the same color
filter as a third color filter 335. For example, the color filter
portion 320_2a may transmit light of the third color and
block light of the first color and light of the second color
by absorbing the light of the first color and the light of the
second color. Therefore, the color filter portion 320 2a
may be an absorptive filter as well as a blue color filter
that transmits blue light and blocks red light and green
light by absorbing the red light and the green light and
may further include a blue colorant.

[0184] The light shielding portion 320_2b may overlap
the color filter portion 320_2a. The light shielding portion
320_2b may block transmission of incident light by ab-
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sorbing or reflecting the incident light. The width of the
light shielding portion 320_2b may be smaller than that
of the color filter portion 320_2a. The light shielding por-
tion 320_2b may be made of an organic material or a
metal material including chromium. For example, the light
shielding portion 320_2b may be carbon black or an or-
ganic black matrix.

[0185] As described above, the areas of the first light
outputting region PA1, the second light outputting region
PA2, and the third light outputting region PA3 may be
different from each other. When the areas of the first light
outputting region PA1, the second light outputting region
PA2, and the third light outputting region PA3 are differ-
ent, reflected light due to external light may not be seen
as neutral black. For example, when the area of the third
light outputting region PA3 which outputs blue light is
small, the amount of blue light reflected by external light
may also be small. That is, in some embodiments, when
blue light is lacking in reflected light, red light and green
light may be seen relatively more than the blue light. Ac-
cordingly, the reflected light may be, on the whole, yel-
lowish black.

[0186] Of external light incident on the first light shield-
ing member 320_2, only blue light may be transmitted
through the color filter portion 320_2a, and light of other
colors may be absorbed. The blue external light trans-
mitted through the color filter portion 320_2a may be in-
cident on the light shielding portion 320_2b. The blue
external light incident on the light shielding portion
320_2b may be absorbed by the light shielding portion
320_2b, but some of the blue external light may be re-
flected without being absorbed by the light shielding por-
tion 320_2b. For example, the amount of blue light re-
flected to the outside by external light may be increased.
Accordingly, the color of the reflected light can be adjust-
ed.

[0187] Like the first light shielding member 320_2, the
second light shielding member 321_2 may overlap the
non-light outputting region PB to prevent or reduce the
color mixing between the first light outputting region PA1,
the second light outputting region PA2, and the third light
outputting region PA3. However, while the first light
shielding member 320_2 is between the second base
310 and the first wavelength conversion pattern 341 and
the second wavelength conversion pattern 343 and be-
tween the second base 310 and a light transmission pat-
tern 345, the second light shielding member 321_2 may
be between the first wavelength conversion pattern 341
and the second wavelength conversion pattern 343 and
the light transmission pattern 345 and the first organic
light emitting element ED1, the second organic light emit-
ting element ED2, and the third organic light emitting el-
ement ED3. The thickness of the second light shielding
member 321_2 may be, but is not limited to, smaller than
the thickness of each of the first wavelength conversion
pattern 341 or the second wavelength conversion pattern
343 and the thickness of the light transmission pattern
345.
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[0188] The second light shielding member 321_2 may
be on a surface of a third capping layer PS3 different
from a surface of the third capping layer PS3 which cov-
ers a planarization layer OC. However, the position of
the second light shielding member 321_2 is not limited
to this example. In an embodiment, the second light
shielding member 321_2 may be on a thin-film encapsu-
lation layer 170 of a first substrate 10. In some embodi-
ments, the second light shielding member 321_2 may be
located within a second pattern portion 70b.

[0189] The second light shielding member 321_2 may
block the transmission of light of all colors by absorbing
or reflecting the light. The second light shielding member
321_2 may be in a substantially lattice pattern in a plan
view and prevent or reduce color mixing caused by the
invasion of light between adjacent ones of the first light
outputting region PA1, the second light outputting region
PA2, and the third light outputting region PA3. For exam-
ple, the display device 1_2 according to the current em-
bodiment can prevent or reduce color mixing more effec-
tively by including the first light shielding member 320_2
and the second light shielding member 321_2, unlike the
display devices according to the above-described em-
bodiments.

[0190] The second light shielding member 321_2 may
be made of any one of the materials mentioned in relation
to the light shielding portion 320_2b ofthe firstlight shield-
ing member 320_2. In some embodiments, the second
light shielding member 321_2 may be made of the same
(e.g., substantially the same) material as the light shield-
ing portion 320_2b.

[0191] In summary, in the embodiment of FIG. 12 as
compared with the embodiment of FIG. 4, the color of
reflected light due to external light can be adjusted by
the first light shielding member 320_2 including the color
filter portion 320_2a, and the color mixing between the
first light outputting region PA1, the second light output-
ting region PA2, and the third light outputting region PA3
can be prevented or reduced more effectively by the sec-
ond light shielding member 321_2.

[0192] Referring to FIG. 13, a display device 1_3 ac-
cording to the current embodiment is substantially the
same or similar to the display device 1_2 of FIG. 12 ex-
ceptthatthe configuration of afirstlight shielding member
320_3isdifferentfrom that of the first light shielding mem-
ber 320_2 of the display device 1_2. Thus, differences
will be mainly described below.

[0193] The first light shielding member 320_3 may be
formed as a single layer, unlike the first light shielding
member 320_2 of FIG. 12. For example, the first light
shielding member 320_3 may not include a color filter
and may include only a light shielding portion. In some
embodiments, thefirstlight shielding member 320_3 may
be made of an organic material. For example, the first
light shielding member 320_3 may be made of an organic
material containing a black dye.

[0194] A second lightshielding member321_3, like the
second light shielding member 321_2 of FIG. 12, may be
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on a third capping layer PS3 to prevent or reduce color
mixing between light outputting regions.

[0195] Referring to FIG. 14, a display device 1_4 ac-
cording to the current embodiment is substantially the
same or similar to the display device 1_2 of FIG. 12 ex-
cept that the configuration of a second substrate 30_4 is
different from that of the second substrate 30_2 of the
display device 1_2. Thus, differences will be mainly de-
scribed below.

[0196] The second substrate 30_4, unlike the second
substrate 30_2 of FIG. 12, may notinclude a planarization
layer OC and a third capping layer PS3 and may include
a second light shielding member 321_4 filling a space
between the first wavelength conversion pattern 341 and
the second wavelength conversion pattern 343 and a
space between each of the first wavelength conversion
pattern 341 or the second wavelength conversion pattern
343 and a light transmission pattern 345.

[0197] A first light shielding member 320_4 may in-
clude a color filter portion 320_4a and a light shielding
portion 320_4b, like the first light shielding member
320_2 of FIG. 12.

[0198] The colorfilter portion 320_4a may be the same
(e.g., substantially the same) blue color filter as the color
filter portion 320 2a of FIG. 12. However, in some em-
bodiments, the color filter portion 320_4a may be a color
filter having a larger color gamut than the color filter por-
tion 320_2a of FIG. 12.

[0199] Thelightshielding portion 320_4b may be made
of an organic material. For example, the light shielding
portion 320_4b may be made of an organic material con-
taining a black dye.

[0200] The second light shielding member 321_4 may
overlap a non-light outputting region PB. The display de-
vice 1_4 may not include a planarization layer. For ex-
ample, the second light shielding member 321_4 may fill
the space between the first wavelength conversion pat-
tern 341 and the second wavelength conversion pattern
343 and the space between each of the first wavelength
conversion pattern 341 or the second wavelength con-
version pattern 343 and the light transmission pattern
345.

[0201] The second light shielding member 321_4 may
be on a second capping layer PS2. The second capping
layer PS2 may include an inorganic material. In some
embodiments, the second capping layer PS2 may in-
clude silicon oxynitride (SiON). When the second cap-
ping layer PS2 includes SiON, its adhesion to the second
light shielding member 321_4 and its spreadability may
be improved.

[0202] The second light shielding member 321_4 may
be made of, but not necessarily, the same (e.g., substan-
tially the same) material as the light shielding portion
320_4b of the first light shielding member 320_4.
[0203] In some embodiments, a capping layer may be
further on the second light shielding member 321_4. The
capping layer may be on the whole of the second sub-
strate 30_4 to cover the second light shielding member
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321_4 and the second capping layer PS2. However, the
present disclosure is not limited to this case, and the cap-
ping layer may also be formed to cover only the second
light shielding member 321_4.

[0204] When the display device 1_4 does not include
a planarization layer as in the embodiment of FIG. 14, it
may have a feature of thinning the display device 1_4.
In addition, since the second light shielding member
321_4 having a light shielding property is between the
first wavelength conversion pattern 341 and the second
wavelength conversion pattern 343 and between each
of the first wavelength conversion pattern 341 or the sec-
ond wavelength conversion pattern 343 and the light
transmission pattern 345 instead of a planarization layer
having a light transmitting property, the height of the sec-
ond substrate 30_4 can be made generally uniform. Fur-
ther, the second light shielding member 321_4 may block
light emitted from respective side portions of the first
wavelength conversion pattern 341 and the second
wavelength conversion pattern 343 and the light trans-
mission pattern 345, thereby more effectively preventing
or reducing color mixing between the first light outputting
region PA1, the second light outputting region PA2, and
the third light outputting region PA3.

[0205] FIG. 15 is a cross-sectional view of a display
device 1_5 according to an embodiment, taken along the
line IV-IV’ of FIG. 3.

[0206] Referringto FIG. 15, the display device 1_5 ac-
cording to the current embodiment is substantially the
same or similar to the display device 1 of FIG. 4 except
that the configuration of a filling pattern layer 70_5 is dif-
ferent from that of the filling pattern layer 70 of the display
device 1. Thus, differences will be mainly described be-
low.

[0207] The filling pattern layer 70_5 may include a first
pattern portion 70a_5 and a second pattern portion
70b_5. The first pattern portion 70a_5 may overlap each
of the first light outputting region PA1, the second light
outputting region PA2, and the third light outputting re-
gion PA3, and the second pattern portion 70b_5 may
overlap a non-light outputting region PB.

[0208] The second pattern portion 70b_5 may be a low
refractive material layerincluding a material having alow-
er refractive index than the first pattern portion 70a_5.
For example, the second pattern portion 70b_5 may in-
clude, butis notlimited to, ethylhexyl acrylate, pentafluor-
opropy! acrylate, polyethylene glycol dimethacrylate,
and/or ethylene glycol dimethacrylate.

[0209] In order for effective total reflection at a bound-
ary surface between the first pattern portion 70a_5 and
the second pattern portion 70b_5, the difference in re-
fractive index between the first pattern portion 70a_5 and
the second pattern portion 70b_5 may be at least 0.3.
For example, when the refractive index of the second
pattern portion 70b_5 is 1.3, the refractive index of the
first pattern portion 70a_5 may be 1.6 or more.

[0210] When the second pattern portion 70b_5 is filled
with a low refractive material layer as in the current em-
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bodiment, instead of an air layer or a gas layer, the filling
pattern layer 70_5 can more effectively serve as a buffer
between the first substrate 10 and the second substrate
30_5 as compared with those of the above-described
embodiments.

[0211] FIGS. 16-18 are cross-sectional views of dis-
play devices according to embodiments, taken along the
line IV-IV’ of FIG. 3.

[0212] Referring to FIG. 16, a display device 1_6 ac-
cording to the current embodiment is substantially the
same or similar to the display device 1 of FIG. 4 except
that the shape of a filling pattern layer 70_6 is different
from that of thefilling pattern layer 70 of the display device
1. Thus, differences will be mainly described below.
[0213] Thefilling pattern layer 70_6 may include a first
pattern portion 70a_6 and a second pattern portion
70b_6.

[0214] The first pattern portion 70a_6 may generally
overlap each of the first light outputting region PA1, the
second light outputting region PA2, and the third light
outputting region PA3 and include a first attachment sur-
face BW and a second attachment surface UW. The first
attachment surface BW is a contact surface with a first
substrate 10, and the second attachment surface UV is
a contact surface with a second substrate 30_6. The first
attachment surface BW and the second attachment sur-
face UW may be, but not necessarily, parallel (e.g., sub-
stantially parallel) to each other. The area of the first at-
tachment surface BW of the first pattern portion 70a_6
may be larger than that of the second attachment surface
UW. For example, the first pattern portion 70a_6 may be
trapezoidal in cross section. Therefore, a first angle 6p
formed by a boundary surface 70s_6 between the first
pattern portion 70a_6 and the second pattern portion
70b_6 and the first attachment surface BW in cross sec-
tion may be an acute angle smaller than 90 degrees.
[0215] The area of the first attachment surface BW in
a plan view may be larger than that of each of the first
light outputting region PA1, the second light outputting
region PA2, and the third light outputting region PA3. The
first pattern portions 70a_6 respectively in the first light
outputting region PA1, the second light outputting region
PA2, and the third light outputting region P3 may be cou-
pled to each other in a region adjacent to the first attach-
ment surface BW, but may also be spaced apart from
each other. In addition, the second attachment surface
UW may overlap each of the first light outputting region
PA1, the second light outputting region PA2, and the third
light outputting region PA3, but may not overlap a non-
light outputting region PB. However, the present disclo-
sureis not limited to this case, and the second attachment
surface UW may also overlap a portion of the non-light
outputting region PB.

[0216] When the area of the first attachment surface
BW is larger than that of each of the first light outputting
region PA1, the second light outputting region PA2, and
the third light outputting region PA3, more emitted light
L may be incident on the first pattern portion 70a_6. For
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example, more emitted light L may be reflected to the
outside at the boundary surface 70s_6 between the first
pattern portion 70a_6 and the second pattern portion
70b_6.

[0217] As described above, the boundary surface
70s_6 between the first pattern portion 70a_6 and the
second pattern portion 70b_6 may form the first angle 6p
with the first attachment surface BW. If the first angle 6p
is formed smaller than a certain value in the process of
forming the filling pattern layer 70_6, light emitted from
each light emitting region LA1, LA2 or LA3 may be re-
fracted and transmitted without being totally reflected at
the boundary surface 70s_6. For example, light transmit-
ted through the boundary surface 70s_6 may be incident
on an adjacent light outputting region, causing color mix-
ing.

[0218] Thecritical angle of thefirstangle Op for allowing
light emitted from the first light emitting region LA1, the
second light emitting region LA2, or the third light emitting
region LA3 to be totally reflected at the boundary surface
70s_6 may be determined by refractive indices of the first
pattern portion 70a_6 and the second pattern portion
70b_6. When the second pattern portion 70b_6 is an air
layer (e.g., a layer including atmospheric air), the refrac-
tive index of the air layer may be 1.

[0219] Forexample, thefirstpattern portion 70a_6 may
be made of a high refractive organic material as de-
scribed above. In an embodiment, the refractive index of
the first pattern portion 70a_6 may be 1.4 to 1.8. As the
refractive index of the organic material contained in the
first pattern portion 70a_6 increases gradually, the dif-
ference in refractive index between the first pattern por-
tion 70a_6 and the second pattern portion 70b_6 increas-
es, thus, gradually reducing the critical angle of the first
angle 6p.

[0220] Referring to FIG. 17, a display device 1_7 ac-
cording to the current embodiment is substantially the
same or similar to the display device 1 of FIG. 4 except
that the shape of a filling pattern layer 70_7 is different
from that of the filling pattern layer 70 of the display device
1. Thus, differences will be mainly described below.
[0221] The filling pattern layer 70_7 may include a first
pattern portion 70a_7 and a second pattern portion
70b_7.

[0222] The first pattern portion 70a_7 may generally
overlap each of the first light outputting region PA1, the
second light outputting region PA2, and the third light
outputting region PA3, and the area of a first attachment
surface BW which is a contact surface with a first sub-
strate 10 may be smaller than that ofa second attachment
surface UW which is a contact surface with a second
substrate 30_7. For example, the first pattern portion
70a_7 may be shaped like an inverted trapezoid in cross
section. Therefore, a second angle 6q formed by a
boundary surface 70s_7 between the first pattern portion
70a_7 and the second pattern portion 70b_7 and the first
attachment surface BW in cross section may be an ob-
tuse angle larger than 90 degrees.
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[0223] When the second angle 6q formed by the
boundary surface 70s_7 between the first pattern portion
70a_7 and the second pattern portion 70b_7 and the first
attachment surface BW is an obtuse angle larger than
90 degrees, an incident angle at which light L emitted
from the first organic light emitting element ED1, the sec-
ond organic light emitting element ED2, or the third or-
ganic lightemitting element ED3 is incident on the bound-
ary surface 70s_7 may be increased. Therefore, more
emitted light L may be totally reflected at the boundary
surface 70s_7 between the first pattern portion 70a_7
and the second pattern portion 70b_7 and output to the
outside.

[0224] Referring to FIG. 18, a display device 1_8 ac-
cording to the current embodiment is substantially the
same or similar to the display device 1 of FIG. 4 except
that the shape of a filling pattern layer 70_8 is different
from that of thefilling pattern layer 70 of the display device
1. Thus, differences will be mainly described below.
[0225] Thefilling pattern layer 70_8 may include a first
pattern portion 70a_8 and a second pattern portion
70b_8.

[0226] The first pattern portion 70a_8 may generally
overlap each of the first light outputting region PA1, the
second light outputting region PA2, and the third light
outputting region PA3, and the second pattern portion
70b_8 may overlap a non-light outputting region PB.
[0227] Side surfaces 70s_8 of the first pattern portion
70a_8 may protrude toward the non-light outputting re-
gion PB. For example, the area of a central portion CW
of the first pattern portion 70a_8 may be larger than those
of a first attachment surface BW and a second attach-
ment surface UW. In addition, the side surfaces 70s_8
of the first pattern portion 70a_8 may be curved. In other
words, a boundary surface 70s_8 between the first pat-
tern portion 70a_8 and the second pattern portion 70b_8
may be curved.

[0228] The first pattern portions 70a_8 may be spaced
apart from each other. However, the present disclosure
is not limited to this case. In some embodiments, the side
surfaces 70s_8 of the first pattern portions 70a_8 may
at least partially contact each other in the non-light out-
putting region PB.

[0229] The side surfaces 70s_8 of the first pattern por-
tions 70a_8 may be curved and protrude toward the non-
light outputting region PB as a first substrate 10 and a
second substrate 30 are bonded together in the process
of forming the filling pattern layer 70_8. This will be de-
scribed herein with reference to FIG. 22.

[0230] Hereinafter, methods of manufacturing the dis-
play devices according to the various embodiments de-
scribed above will be described with reference to FIGS.
4 and 19-27. The basic configuration of a display device
is the same as that of the display device 1 of FIG. 4, and
abriefdescription of elementsidentical to those of display
device 1 may be provided, or a duplicative description
thereof may not be repeated.

[0231] FIGS. 19-23 illustrate a method of manufactur-
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ing a display device by forming a filling pattern layer on
a first substrate and then bonding the first substrate and
a second substrate together.

[0232] FIG. 19illustrates an operation of forming a fill-
ing pattern layer 70 on a first substrate 10. Referring to
FIG. 19, afiller 70c may be placed on the first substrate
10. A mask M may be placed above the first substrate
10 and the filler 70c.

[0233] The filling pattern layer 70 may be formed by
patterning the filler 70c using a photolithography process.
However, the method of forming the filling pattern layer
70 is not limited to the photolithography process. In an
embodiment, the filling pattern layer 70 may be formed
by an inkjet process. A case where the filling pattern layer
70 is formed by the photolithography process will be de-
scribed herein below.

[0234] The filler 70c may be placed on the whole of the
first substrate 10 as a base material for forming the filling
pattern layer 70. The filler 70c may be placed to a gen-
erally uniform thickness. The filler 70c may be coated by,
but not limited to, a spin coating method.

[0235] The filler 70c may be made of the same (e.g.,
substantially the same) material as the first pattern por-
tions 70a of FIG. 4. The filler 70c may be made of a high
refractive organic material such as, but not limited to, a
silicon-based organic material, an epoxy-based organic
material, and/or an epoxy-acrylic based organic material.
In some embodiments, the first pattern portions 70a may
be silicone rubber.

[0236] The mask M may be placed and aligned above
the first substrate 10. The mask M may include light
shielding portions Ma which block all light (e.g., substan-
tially all visible light) and light transmitting portions Mb
which transmit all light (e.g., transmit substantially all vis-
ible light). The light shielding portions Ma may respec-
tively overlap the first organic light emitting element ED1,
the second organic light emitting element ED2, and the
third light emitting element ED3 of the first substrate 10.
The cross-sectional area of each of the light shielding
portions Ma may be equal to that of each of the first light
outputting region PA1, the second light outputting region
PA2, and the third light outputting region PA3. The light
transmitting portions Mb may overlap a bank layer 150
of the first substrate 10. The cross-sectional area of each
of the light transmitting portions Mb may be equal to that
of a non-light outputting region PB.

[0237] During the formation of the filling pattern layer
70, exposure light L_ex may be irradiated to the first sub-
strate 10 from above the mask M. Some of the exposure
light L_ex may be blocked by the light shielding portions
Ma of the mask M, and the other exposure lightL_ex may
be transmitted through the light transmitting portions Mb
and irradiated to the filler 70c on the first substrate 10.
For example, the exposure light L_ex may be selectively
irradiated to the filler 70c by the mask M.

[0238] In regions irradiated with the exposure light
L_exthrough the light transmitting portions Mb, a polymer
bond in the filler 70c may be broken. For example, the
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filler 70c in the regions irradiated with the exposure light
L_ex may be removed through a subsequent process.
Regions which are overlapped by the light shielding por-
tions Ma and in which the filler 70c is not irradiated with
the exposure light L_ex may become the first pattern por-
tion 70a, and regions which are overlapped by the light
transmitting portions Mb and in which the filler 70c is ir-
radiated with the exposure light L_ex may become the
second portion 70b.

[0239] Unlike in the above method, the filler 70c in the
regions not irradiated with the exposure light L_ex may
be removed. In this case, the positions of the light shield-
ing portions Ma and the light transmitting portions Mb of
the mask M may be reversed.

[0240] FIGS. 20 and 21 illustrate embodiments of a
filing pattern layer formed according the filling pattern
layer forming method of FIG. 19.

[0241] FIG. 20 illustrates first pattern portions 70aa of
a filling pattern layer formed by removing the filler 70c in
the regions to which the exposure light L_ex is irradiated
through the light transmitting portions Mb as described
in FIG. 19. When the filler 70c in the regions irradiated
with the exposure light L_ex is completely removed, the
first pattern portions 70aa having a rectangular cross-
sectional shape may be formed as illustrated in FIG. 20.
The first pattern portions 70aa may respectively overlap
the first organic light emitting element ED1, the second
organic light emitting element ED2, and the third organic
light emitting element ED3. A space between the first
pattern portions 70aa may subsequently become a sec-
ond pattern portion.

[0242] FIG. 21 illustrates first pattern portions 70ab of
a filling pattern layer formed by removing the filler 70c in
the regions to which the exposure light L_ex is irradiated
through the light transmitting portions Mb as described
in FIG. 19. When the filler 70c in the regions irradiated
with the exposure light L_ex is partially removed, the first
pattern portions 70ab having a trapezoidal cross-section-
alshape may be formed asillustrated in FIG. 21. A portion
to be removed in each region irradiated with the exposure
light L_ex may be determined by adjusting the intensity
of the exposure light L_ex. For example, the higher the
intensity of the exposure light L_ex, the larger the angle
0p formed between a side surface of each first pattern
portion 70ab and an attachment surface of the first pat-
tern portion 70ab to the first substrate 10.

[0243] FIGS. 22 and 23 are cross-sectional views il-
lustrating an operation of bonding the first substrate and
the second substrate together.

[0244] Referring to FIG. 22, the second substrate 30
may be bonded onto the first substrate 10 and the filling
pattern layer 70 formed on the first substrate 10. The first
substrate 10 and the second substrate 30 may be bonded
by, but not limited to, a vacuum assembly system (VAS).
[0245] The shape of the filling pattern layer 70 after the
bonding process may be the same (e.g., substantially
the same) as that of the filling pattern layer 70 before the
bonding process. However, the shape of thefilling pattern
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layer 70 can be changed during the bonding process by
the VAS. For example, first pattern portions 70aa’ of the
filling pattern layer 70 of FIG. 22 may be a changed form
of the first pattern portions 70aa described in FIG. 20. In
the process of bonding the first substrate 10 and the sec-
ond substrate 30, the first pattern portions 70aa’ may
receive downward pressure Ft and upward pressure Fb.
The downward pressure Ft and the upward pressure Fb
applied to the first pattern portions 70aa’ may be dis-
persed as lateral pressures Fl and Fr. For example, side
surfaces 70sa’ of the first pattern portions 70aa’ may be
forced to protrude outward by the lateral pressures Fl
and Fr. Accordingly, the side surfaces 70sa’ of the first
pattern portions 70aa’ may be curved. The display device
1_8 described in the embodiment of FIG. 18 may be
formed through the above process.

[0246] FIG. 23 illustrates a change in the shape of the
filling pattern layer 70 during the bonding process by the
VAS, like FIG. 22 described above.

[0247] Referring to FIG. 23, the second substrate 30
may be bonded onto the first substrate 10 and the filling
pattern layer 70 formed on the first substrate 10. First
pattern portions 70ab’ of the filling pattern layer 70 may
be a changed form of the first pattern portions 70ab de-
scribed in FIG. 21. In the process of bonding the first
substrate 10 and the second substrate 30, the first pattern
portions 70ab’ may receive downward pressure Ft and
upward pressure Fb. The downward pressure Ft and the
upward pressure Fb applied to the first pattern portions
70ab’ may be dispersed as lateral pressures Fls and Frs.
For example, side surfaces 70sb’ of the first pattern por-
tions 70ab’ may be forced to protrude outward by the
lateral pressures Fls and Frs. Accordingly, the side sur-
faces 70sb’ of the first pattern portions 70ab’ forced to
protrude by the lateral pressures Fls and Frs may be
curved.

[0248] FIGS. 24-27 illustrate a method of manufactur-
ing a display device by forming a filling pattern layer on
a second substrate and then bonding a first substrate
and the second substrate together. The embodiment of
FIGS. 24-27 is different from the embodiment of FIGS.
19-23 in that a display device is manufactured by forming
a filling pattern layer not on a first substrate but on a
second substrate and then bonding the first substrate
and the second substrate together. Thus, differences
from the above-described embodiment will be mainly de-
scribed below.

[0249] FIG. 24 illustrates an operation of forming a fill-
ing pattern layer on a second substrate. Referring to FIG.
24, afiller 70c may be placed on a second substrate 30.
A mask M may be placed above the second substrate
30 and the filler 70c.

[0250] The mask M may be placed and aligned above
the second substrate 30. Exposure light L_ex may be
irradiated to the second substrate 30 from above the
mask M. Some of the exposure lightL_ex may be blocked
by light shielding portions Ma of the mask M, and the
other exposure light L_ex may be transmitted through
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light transmitting portions Mb and irradiated to the filler
70con the second substrate 30. Regions which are over-
lapped by the light shielding portions Ma and in which
the filler 70c is not irradiated with the exposure light L_ex
may become first pattern portions, and regions which are
overlapped by the light transmitting portions Mb and in
which the filler 70c is irradiated with the exposure light
L_ex may become second portions. However, the oppo-
site may also be the case as described above in FIG. 19.
[0251] FIGS. 25 and 26 illustrate embodiments of a
filing pattern layer formed according the filling pattern
layer forming method of FIG. 24.

[0252] FIG. 25 illustrates first pattern portions 70ac of
a filling pattern layer formed by removing the filler 70c in
the regions to which the exposure light L_ex is irradiated
through the light transmitting portions Mb as described
in FIG. 24. When the filler 70c in the regions irradiated
with the exposure light L_ex is completely removed, the
first pattern portions 70ac having a rectangular cross-
sectional shape may be formed as illustrated in FIG. 25.
[0253] FIG. 26 illustrates first pattern portions 70ad of
a filling pattern layer formed by removing the filler 70c in
the regions to which the exposure light L_ex is irradiated
as described in FIG. 24. When the filler 70c in the regions
irradiated with the exposure light L_ex is partially re-
moved, the first pattern portions 70ad having a trapezoi-
dal cross-sectional shape may be formed as illustrated
in FIG. 26.

[0254] FIG. 27 is a cross-sectional view illustrating an
operation of bonding the first substrate and the second
substrate together.

[0255] Referring to FIG. 27, a first substrate 10 may
be bonded onto the second substrate 30 and the filling
pattern layer 70 formed on the second substrate 30. The
first substrate 10 and the second substrate 30 may be
bonded by a VAS.

[0256] The shape of the filling pattern layer 70 can be
changed during the bonding process by the VAS. For
example, first pattern portions 70ad’ of the filling pattern
layer 70 of FIG. 27 may be a changed form of the first
pattern portions 70ad described in FIG. 26. In the process
of bonding thefirst substrate 10 and the second substrate
30, the first pattern portions 70ad’ may receive downward
pressure Ft and upward pressure Fb. The downward
pressure Ft and the upward pressure Fb applied to the
first pattern portions 70ad’ may be dispersed as lateral
pressures Fls and Frs. For example, side surfaces 70sd’
of the first pattern portions 70ad’ may be forced to pro-
trude outward by the lateral pressures Fls and Frs. Ac-
cordingly, the side surfaces 70sd’ of the first pattern por-
tions 70ad’ may be curved.

[0257] FIGS. 28-32 are plan views of first substrates
and filling pattern layers formed on the first substrates
according to various embodiments. The materials of the
filling pattern layers are the same (e.g., substantially the
same) as those of the above-described embodiments,
and thus, a duplicative description thereof will not be re-
peated here. The planar shapes and arrangements of
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first and second pattern portions of the filling pattern lay-
ers will be described below.

[0258] Referring to FIG. 28, afilling pattern layer 70_9
may be formed on a first substrate 10_9. The filling pat-
tern layer 70_9 may include first pattern portions 70a_9
and second pattern portions 70b_9. For example, FIG.
28 may be a plan view of the display device 1 illustrated
in FIG. 10.

[0259] The first pattern portions 70a_9 may be sub-
stantially rectangular and in a first pixel PX1, a second
pixel PX2, a third pixel PX3, and a fourth pixel PX4, re-
spectively. The first pattern portions 70a_9 may overlap
and cover a first light emitting region LA1, a second light
emitting region LA2, a third light emitting region LA3, and
a third light emitting region, respectively. For example,
the area of each of the first pattern portions 70a_9 in a
plan view may be larger than that of each of the first light
emitting region LA1, the second light emitting region LA2,
the third light emitting region LA3, and the fourth light
emitting region LA4. The first pattern portions 70a_9 may
be spaced apart from each other. For example, the first
pattern portions 70a_9 may be arranged as islands.
[0260] The second pattern portions 70b_9 may be in
regions other than the regions in which the first pattern
portions 70a_9 are located. For example, the second pat-
tern portions 70b_9 may be between the first pattern por-
tions 70a_9. In addition, the second pattern portions
70b_9 may be between a sealing portion 50 (see FIG. 2)
in a non-display area NDA and the first pattern portions
70a_9. However, the present disclosure is not limited
thereto. For example, the first pattern portions 70a_9 and
the sealing portion 50 (see FIG. 2) may also contact each
other.

[0261] The embodiment of FIG. 29 is different from the
embodiment of FIG. 28 in that first pattern portions
70a_10 extend in a direction. For example, FIG. 29 may
be a plan view of the display device 1_1 illustratedin FIG.
11.

[0262] Referring to FIG. 29, the first pattern portions
70a_10 may extend in the second direction d2. However,
the present disclosure is not limited to this case, and the
first pattern portions 70a_10 may also extend in the first
direction d1. When there is no possibility of color mixing
between the first pixel PX1, the second pixel PX2, the
third pixel PX3, and the fourth pixel PX4, in other words,
when the first pixel PX1, the second pixel PX2, the third
pixel PX3, and the fourth pixel PX4 respectively covered
by the first pattern portions 70a_10 emit light of the same
(e.g., substantially the same) color, the first pattern por-
tions 70a_10 may be formed in an elongated shape to
prevent or reduce color mixing between the pixels PX.
For example, the first pixel PX1 and the fourth pixel PX4
may be pixels that emit light of the first color. The second
pixel PX2 may emit light of the second color, and the third
pixel PX3 may emit light of the third color. For example,
the first pattern portions 70a_10 in the first pixel PX1 and
the fourth pixel PX4 may be spaced apart from the first
pattern portions 70a_10 in the second pixel PX2 and the



43 EP 3 654 383 A1 44

third pixel PX3.

[0263] The embodiments of FIGS. 30 and 31 are dif-
ferent from the embodiment of FIG. 28 in that first pattern
portions 70a_11 and 70a_12 include curved surfaces in
a plan view.

[0264] Referring to FIG. 30, the first pattern portions
70a_11 may be in the first pixel PX1, the second pixel
PX2, the third pixel PX3, and the fourth pixel PX4, re-
spectively. At least one surface of each of the first pattern
portions 70a_11 may be curved. Although the first pattern
portions 70a_11 are elliptical in a plan view in FIG. 30,
the shape of the first pattern portions 70a_11 is not limited
to the elliptical shape. For example, when the first pattern
portions 70a_11 are formed by an inkjet process, they
may be formed in a circular shape due to surface tension
of a composition for forming filling patterns.

[0265] The first pattern portions 70a_11 may be
spaced apart from each other, but the present disclosure
is not limited to this case. For example, referring to FIG.
31, the first pattern portions 70a_12 located respectively
in the first pixel PX1, the second pixel PX2, the third pixel
PX83, and the fourth pixel PX4 may at least partially over-
lap each other.

[0266] The embodimentof FIG. 32 is different from the
above-described embodiments in that first pattern por-
tions are not spaced apart from each other but are entirely
in a display area and a second pattern portion is adjacent
to each light emitting region. For example, the first pattern
portions are coupled to each other, and the second pat-
tern portions may be spaced apart from each other.
[0267] Referring to FIG. 32, first pattern portions
70a_13 may be on the whole of a display area DA of a
first substrate 10_13. For example, the first pattern por-
tions 70a_13 may be coupled to each other, unlike in the
above-described embodiments. Second pattern portions
70b_13 may be between the first light emitting region
LA1, the second light emitting region LA2, and the third
light emitting region LA3 and spaced apart from each
other. When the second pattern portions 70b_13 are
spaced apart from each other, some of the light emitted
from the first light emitting region LA1, the second light
emitting region LA2, the third light emitting region LA3,
or the fourth light emitting region LA4 may be output to
a space between the second pattern portions 70b_13.
However, since the second pattern portions 70b_13 are
on all sides of each of the first light emitting region LA1,
the second light emitting region LA2, the third light emit-
ting region LA3, or the fourth light emitting region LA4,
most of the light may be totally reflected, reflected or re-
fracted at boundary surfaces between the first and sec-
ond pattern portions 70a_13 and 70b_13. Accordingly,
this prevents or reduces the color mixing between pixels.
[0268] A display device according to an embodiment
can have improved luminance and color reproducibility
by preventing or reducing color mixing between subpix-
els.

[0269] A display device according to an embodiment
can have improved luminous efficiency.
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[0270] It will be understood that, although the terms
"first," "second," "third," etc., may be used herein to de-
scribe 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 ele-
ment, component, region, layer or section. Thus, a first
element, component, region, layer or section described
below could be termed a second element, component,
region, layer or section, without departing from the scope
of the claims.

[0271] Spatially relative terms, such as "beneath," "be-
low," "lower," "under," "above," "upper," and the like, may
be used herein for ease of explanation to describe one
element or feature’s relationship to another element(s)
or feature(s) as illustrated in the figures. It will be under-
stood that the spatially relative terms are intended to en-
compass 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 "un-
der" other elements or features would then be oriented
"above" the other elements or features. Thus, the exam-
ple terms "below" and "under" can encompass both an
orientation of above and below. The device may be oth-
erwise oriented (e.g., rotated 90 degrees or at other ori-
entations) and the spatially relative descriptors used
herein should be interpreted accordingly.

[0272] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present disclosure. As used
herein, the singular 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 "comprises," "comprising," "includes," and "includ-
ing," when used in this specification, specify the presence
of the stated features, integers, acts, operations, ele-
ments, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
acts, 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. Expressions such as "at least one of," when
preceding a list of elements, modify the entire list of ele-
ments and do not modify the individual elements of the
list.

[0273] As used herein, the terms "substantially,"
"about," and similar terms are used as terms of approx-
imation and not as terms of degree, and are intended to
account for the inherent deviations in measured or cal-
culated values that would be recognized by those of or-
dinary skill in the art. Further, the use of "may" when
describing embodiments of the present disclosure refers
to "one or more embodiments of the present disclosure."
As used herein, the terms "use," "using," and "used" may
be considered synonymous with the terms "utilize," "uti-
lizing," and "utilized," respectively. Also, the term "exem-
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plary" is intended to refer to an example or illustration.
[0274] Also, any numerical range recited herein is in-
tended to include all sub-ranges of the same numerical
precision subsumed within the recited range. For exam-
ple, 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 lim-
itation recited herein is intended to include all lower nu-
merical limitations subsumed therein, and any minimum
numerical limitation recited in this specification is intend-
ed to include all higher numerical limitations subsumed
therein.

[0275] However, the effects of the embodiments of the
present disclosure are not restricted to the one set forth
herein. The above and other effects of the embodiments
will become more apparent to one of daily skill in the art
to which the embodiments pertain by referencing the
claims.

[0276] In concluding the detailed description, those
skilled in the art will appreciate that many variations and
modifications can be made to the disclosed embodiments
without substantially departing from the scope of the
claims.

Claims

1. A display device comprising:
a first substrate (10) comprising a first base (110):

a plurality of pixels located on the first base,
wherein each of the plurality of pixels (px1, px2,
px3) comprises an organic light emitting element
(ED1, ED2, ED3), the organic light emitting el-
ement (ED1,ED2, ED3) being located in the first
substrate (10);

a second substrate (30) comprising a second
base (310); and

afilling layer (70), located between the first sub-
strate (10) and the second substrate (30), the
filling layer (70) comprising a first pattern portion
(70a)and asecond pattern portion (70b), where-
in, in each pixel, the first pattern portion (70a)
overlaps the light emitting element (ED1, ED2,
ED3) and the second portion (70b) is located at
a boundary of the pixel (px1, px2, px3) and is in
contact with the first pattern portion.

2. The display device of claim 1, wherein a refractive
index of the second pattern portion is smaller than
that of the first pattern portion.

3. Thedisplay device of claim 1 or claim 2, wherein the
pixels comprise a first pixel configured to emit light
of afirst color, a second pixel configured to emit light
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of a second color, and a third pixel configured to emit
light of a third color.

The display device of claim 3,wherein the second
substrate further comprises:

a first wavelength conversion pattern between
the second base and the filling pattern layer in
the first pixel;

a second wavelength conversion pattern be-
tween the second base and the filling pattern
layer in the second pixel; and

a light transmission pattern between the second
base and the filling pattern layer in the third pixel.

The display device of claim 3 or claim 4, wherein the
organic light emitting elements comprise a first or-
ganic light emitting element in the first pixel and con-
figured to emit light of the third color, a second or-
ganic light emitting element in the second pixel and
configured to emit light of the third color, and a third
organic light emitting element in the third pixel and
configured to emit light of the third color.

The display device of any of claims 3 to 5, wherein
the light of the first color has a peak wavelength in
arange of 610 nm to 670 nm, the light of the second
color has a peak wavelength in a range of 510 nm
to 550 nm, and the light of the third color has a peak
wavelength in a range of 440 nm to 470 nm.

The display device of any of claims 4 to 6, further
comprising:

a first color filter between the first base and the
first wavelength conversion pattern and config-
ured to transmit the light of the first color while
blocking the light of the second color and the
light of the third color;

a second color filter between the first base and
the second wavelength conversion pattern and
configured to transmit the light of the second
color while blocking the light of the first color and
the light of the third color; and

a third color filter between the first base and the
light transmission pattern and configured to
transmit the light of the third color while blocking
the light of the first color and the light of the sec-
ond color.

The display device of any of claims 4 to 7, wherein
each of the first wavelength conversion pattern, the
second wavelength conversion pattern, and the light
transmission pattern comprises a base resin and a
scatterer dispersed in the base resin,

wherein the first wavelength conversion pattern
comprises a first wavelength conversion material,
and
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wherein the second wavelength conversion pattern
comprises a second wavelength conversion materi-
al.

The display device of claim 8, wherein the scatterer
comprises at least one selected from titanium oxide
(TiOy), zirconium oxide (ZrO,), aluminum oxide
(Al,03), indium oxide (In,O3), zinc oxide (ZnO), and
tin oxide (SnOy).

The display device of any of claims 2 to 9, wherein
a difference in refractive index between the first pat-
tern portion and the second pattern portion is 0.3 or
more.

The display device of any of claims 12 to 10, wherein
the second pattern portion comprises a layer com-
prising air.

The display device of any preceding claim, further
comprising a light shielding member on the second
base,

wherein the light shielding member is at the bound-
ary of each of the pixels, and at least partially over-
laps the second pattern portion, and

wherein the light shielding member comprises an or-
ganic material.

The display device of claim 12, wherein the light
shieldingmember comprises a color filter portion and
a light shielding portion on the color filter portion, and
wherein the color filter portion is configured to trans-
mit blue light while blocking a first color light and a
second color light, and the light shielding portion
blocks all light.

The display device of any preceding claim, wherein
the first pattern portion comprises a first attachment
surface attached to the first base and a second at-
tachment surface parallel to the first attachment sur-
face and attached to the second base.

The display device of claim 14, wherein the area of
the first attachment surface is equal to that of the
second attachment surface.

The display device of claim 12 or claim 13, wherein
at least a portion of the first pattern portion overlaps
the light shielding member, and side surfaces of the
first pattern portion are curved.

The display device of claim 14 or claim 15, wherein
the area of the first attachment surface is larger than
that of the second attachment surface, a cross sec-
tion of the first pattern portion is trapezoidal, and an
angle formed by the first attachment surface and
each side surface of the first pattern portion in cross
section is an acute angle.
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The display device of any preceding claim, wherein
at least one side surface of the first pattern portion
is curved.

A display device according to claim 1 or claim 2:

wherein the second substrate faces the first sub-
strate and has a first light outputting region and
a non-light outputting region; and

wherein the second substrate comprises a first
wavelength conversion pattern in the first light
outputting region that is configured to wave-
length-convert light of a first color into light of a
second color, and

wherein the filling pattern layer comprises a first
pattern portion overlapping the first wavelength
conversion pattern and a second pattern portion
that surrounds the first pattern portion and is in
the non-light outputting region.

The display device of claim 19, wherein a second
light outputting region is defined in a first direction
from the first light outputting region, the second sub-
strate comprises a second wavelength conversion
pattern configured to wavelength-convert the light of
the first color into light of a third color, the first pattern
portion overlaps the second wavelength conversion
pattern, a third light outputting region is defined in
the first direction of the second light outputting re-
gion, the second substrate comprises a light trans-
mission pattern in the third light outputting region,
and the first pattern portion overlaps the light trans-
mission pattern.

The display device of claim 20, wherein a fourth light
outputting region is defined in a second direction
from the first light outputting region, the second sub-
strate comprises a third wavelength conversion pat-
tern in the fourth light outputting region, the third
wavelength conversion pattern is configured to
wavelength-convert the light of the first color into the
light of the second color, and the first pattern portion
is in the non-light outputting region between the first
light outputting region and the fourth light outputting
region, and

wherein the second direction is perpendicular to the
first direction in a plan view.
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