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(57) ABSTRACT

An organic light emitting diode display device includes a
substrate having a plurality of subpixels which each have an
emission region and a non-emission region defined along an
edge of the emission region. A reflective barrier is disposed
to correspond to the non-emission region and includes a
reflective side surface. An overcoat layer is disposed on an
upper portion of the reflective barrier. A light emitting diode
includes a first electrode, an organic light emitting layer, and
a second electrode, which are sequentially disposed on the
overcoat layer. The reflective side surface of the reflective
barrier is inversely tapered such that a width thereof is
decreased in a traveling direction of light emitted from the
organic light emitting layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§ 119(a) of Korean Patent Application No. 2017-0144069,
filed on Oct. 31, 2017, in the Korean Intellectual Property
Office, which is incorporated herein by reference in its
entirety.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light
emitting diode display device, and more particularly, to an
organic light emitting diode display device having improved
light extraction efficiency.

Description of the Related Art

[0003] Recently, with the advent of an information-ori-
ented society, as interest in information displays for pro-
cessing and displaying a massive amount of information and
demand for portable information media have increased, a
display field has rapidly advanced. Thus, various light and
thin flat panel display devices have been developed and
highlighted.

[0004] As specific examples of the flat display devices,
there are a liquid crystal display (LCD) device, a plasma
display panel (PDP) device, a field emission display (FED)
device, an electroluminescence display (ELD) device, an
organic light emitting diode (OLED) display device, and the
like. The flat display devices exhibit excellent characteristics
in terms of thinning, lightening, and reductions in the power
consumption thereof and thus have rapidly replaced the
conventional cathode ray tube (CRT) displays.

[0005] Among the flat panel display devices, the OLED
display device is an emissive type device and does not
require a backlight unit used in a non-emissive type device,
1.e., the LCD device. As a result, the OLED display device
has light weight and a thin profile.

[0006] In addition, the OLED display device has advan-
tages of a viewing angle, a contrast ratio, and power con-
sumption as compared with the LCD device. Furthermore,
the OLED display device may be driven with a low direct
current (DC) voltage and has rapid response speed. More-
over, since inner elements of the OLED display device have
a solid phase, the OLED display device has high durability
against an external impact and has a wide available tem-
perature range.

[0007] Specifically, since the OLED display device is
manufactured through a simple process, manufacturing costs
may be reduced as compared with the conventional LCD
device.

[0008] The OLED display device is an emissive type
device emitting light through a light emitting diode (LED).
The LED emits light through an organic electrolumines-
cence phenomenon.

[0009] FIG. 1 is a band diagram illustrating an LED
having an emission principle based on a general organic
electroluminescence phenomenon.

[0010] As shown, an LED 10 includes an anode 21, a
cathode 25, and an organic light emitting layer disposed
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between the anode 21 and the cathode 25. The organic light
emitting layer includes a hole transport layer (HTL) 33, an
electron transport layer (ETL) 35, and an emission material
layer (EML) 40 interposed between the HTL 33 and the ETL
35.

[0011] In order to improve luminous efliciency, a hole
injection layer (HIL) 37 is interposed between the anode 21
and the HTL 33, and an electron injection layer (EIL) 39 is
interposed between the cathode 25 and the ETL 35.

[0012] In the LED 10, when positive and negative volt-
ages are respectively applied to the anode 21 and the cathode
25, holes of the anode 21 and electrons of the cathode 25 are
transported to the EML 40 to form excitons. When the
excitons transit from an excited state to a ground state, light
is generated and emitted in the form of visible light by the
EML 40.

[0013] However, in an OLED display device including the
LED 10, while light emitted from the organic light emitting
layer passes through various components and is emitted to
the outside, a large portion of the light is lost. Thus, light
emitted to the outside of the OLED display device is only
about 20% of the light emitted from the organic light
emitting layer.

[0014] Here, since an amount of the light emitted from the
organic light emitting layer is increased along with an
amount of a current applied to the OLED display device, it
is possible to further increase brightness of the OLED
display device by applying more currents to the organic light
emitting layer. However, in this case, power consumption is
increased, and lifetime of the OLED display device is also
reduced.

[0015] Therefore, there is a need for various research to
improve the light extraction efficiency of the OLED display
device.

BRIEF SUMMARY

[0016] The present disclosure has been made to solve the
above problems and is directed to providing an organic light
emitting diode display having improved light extraction
efficiency.

[0017] 1In addition, the present disclosure is directed to
preventing light leakage.

[0018] Inoneembodiment, the present disclosure provides
an organic light emitting diode display device including: a
substrate having a plurality of subpixels which each have an
emission region and a non-emission region defined along an
edge of the emission region; a reflective barrier disposed to
correspond to the non-emission region and including a
reflective side surface; an overcoat layer disposed on an
upper portion of the reflective barrier; and a light emitting
diode including a first electrode, an organic light emitting
layer, and a second electrode, which are sequentially dis-
posed on the overcoat layer, wherein the reflective side
surface of the reflective barrier is inversely tapered such that
a width thereof is decreased in a traveling direction of light
emitted from the organic light emitting layer.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0019] The accompanying drawings, which are included
to provide a further understanding of the disclosure, are
incorporated in and constitute a part of this specification,
illustrate implementations of the disclosure and together
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with the description serve to explain the principles of
embodiments of the disclosure.

[0020] FIG. 1 is a band diagram illustrating a light emit-
ting diode (LED) having an emission principle based on an
organic electroluminescence phenomenon according to the
related art.

[0021] FIG. 2is a plan view illustrating a structure of one
unit pixel including three subpixels in an organic light
emitting diode (OLED) display device according to an
embodiment of the present disclosure.

[0022] FIG. 3 is a cross-sectional view taken along line
II-1IT of FIG. 2 illustrating a structure of one unit pixel P
including three subpixels in the OLED display device
according to an embodiment of the present disclosure.
[0023] FIG. 4 is a schematic view illustrating a state in
which light is guided in the OLED display device according
to an embodiment of the present disclosure.

[0024] FIG. 5Aillustrates a simulation result of measuring
a state in which light is guided in an OLED display device
not including a reflective barrier.

[0025] FIGS. 5B to 5E illustrate simulation results of
measuring a state in which light is guided in the OLED
display device including a reflective barrier according to
embodiments of the present disclosure.

[0026] FIG. 6 is a schematic cross-sectional view illus-
trating a reflective barrier according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0027] Hereinafter, embodiments according to the present
disclosure will be described in detail with reference to the
drawings.

[0028] FIG. 2 s a plan view illustrating a structure of one
unit pixel including three subpixels in an organic light
emitting diode (OLED) display device according to an
embodiment of the present disclosure.

[0029] FIG. 3 is a cross-sectional view taken along line
II-11T of FIG. 2, illustrating a structure of one unit pixel P
including three subpixels R-SP, G-SP, and B-SP in the
OLED display device according to the embodiment of the
present disclosure.

[0030] Prior to the description, an OLED display device
100 according to an embodiment of the present disclosure is
classified into a top emission type or a bottom emission type
according to a transmission direction of emitted light. Here-
inafter, the bottom emission type will be described as an
example in the present disclosure.

[0031] As shown in FIG. 2. in the OLED display device
100 according to the embodiment of the present disclosure,
one unit pixel P includes red, green, and blue subpixels
R-SP, G-SP, and B-SP. Each of the subpixels R-SP, G-SP,
and B-SP includes an emission region EA. A bank 119 is
disposed along an edge of the emission region EA to
constitute a non-emission region NEA.

[0032] Here, for the convenience of description, the sub-
pixels R-SP, G-SP, and B-SP are illustrated as having the
same width and being disposed in parallel to each other.
However, the subpixels R-SP, G-SP, and B-SP may have
different widths and various structures.

[0033] In this case, switching and driving thin film tran-
sistors STr and DTr are provided in the non-emission region
NEA of each of the subpixels R-SP, G-SP, and B-SP. A light
emitting diode (LED) E including a first electrode 111, an
organic light emitting layer 113, and a second electrode 115
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are disposed in the emission region EA in each of the
subpixels R-SP, G-SP, and B-SP.

[0034] Here, the switching thin film transistor STr and the
driving thin film transistor DTr are connected to each other,
and the driving thin film transistor D'Tr is connected to the
LED E.

[0035] More specifically, gate lines GL, data lines DL, and
power lines VDD are disposed on a substrate 101 to define
the subpixels R-SP, G-SP, and B-SP.

[0036] The switching thin film transistor STr is formed at
a portion where the gate line GL and the data line DL cross
each other. The switching thin film transistor STr functions
to select the subpixels R-SP, G-SP, and B-SP.

[0037] The switching thin film transistor STr includes a
gate electrode SG branched from the gate line GL, a
semiconductor layer 103, a source electrode SS, and a drain
electrode SD.

[0038] The driving thin film transistor DTr functions to
drive the LED E of each of the subpixels R-SP, G-SP, and
B-SP selected by the switching thin film transistor STr. The
driving thin film transistor DTr includes a gate electrode DG
connected to the drain electrode SD of the switching thin
film transistor STr, a semiconductor layer 103, a source
electrode DS connected to the power line VDD, and a drain
electrode DD.

[0039] The drain electrode DD of the driving thin film
transistor DTr is connected to the first electrode 111 of the
LED E.

[0040] The organic light emitting layer 113 is interposed
between the first electrode 111 and the second electrode 115.

[0041] More specifically, referring to FIG. 3, the semicon-
ductor layer 103 is disposed in a switching region TrA of
each of the subpixels R-SP, G-SP, and B-SP on the substrate
101. The semiconductor layer 103 is made of silicon and has
an active region 103a configured to constitute a channel and
disposed at a central portion thereof, a source region 1035,
and a drain region 103¢, which are doped with high con-
centration impurities and are disposed on both side surfaces
of the active region 103a.

[0042] A gate insulating film 105 is disposed on an upper
portion of the semiconductor layer 103.

[0043] The gate electrode DG and a gate line GL, which
is not shown in the drawings and extends in one direction,
are provided on an upper portion of the gate insulating film
105 so as to correspond to the active region 103a of the
semiconductor layer 103.

[0044] In addition, a first interlayer insulating film 109a is
disposed on the gate electrode DG and the gate line GL. In
this case, the first interlayer insulating film 109« and the gate
insulating film 105 below the first interlayer insulating film
109a have first and second semiconductor layer contact
holes 116 configured to respectively expose the source and
drain regions 1035 and 103¢ disposed on both side surfaces
of the active region 103a.

[0045] Next, the source and drain electrodes DS and DD
are spaced apart from each other on an upper portion of the
first interlayer insulating film 109a having the first and
second semiconductor layer contact holes 116 and are
respectively in contact with the source and drain regions
1035 and 103¢ exposed through the first and second semi-
conductor layer contact holes 116.
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[0046] A second interlayer insulating film 1095 is dis-
posed on the upper portion of the first interlayer insulating
film 109a exposed between the source and drain electrodes
DS and DD.

[0047] In this case, the source and drain electrodes DS and
DD, the semiconductor layer 103 having the source and
drain regions 1035 and 103c¢ in contact with the source and
drain electrodes DS and DD, the gate insulating film 105
disposed on the upper portion of the semiconductor layer
103, and the gate electrode DG constitute the driving thin
film transistor DTr.

[0048] Although not shown in the drawings, the switching
thin film transistor STr has the same structure as the driving
thin film transistor DTr and is connected to the driving thin
film transistor DTr.

[0049] The switching thin film transistor STr and the
driving thin film transistor DTr are illustrated in the draw-
ings as having a top gate type in which the semiconductor
layer 103 is formed as a polysilicon semiconductor layer or
an oxide semiconductor layer. As a modified example, the
switching thin film transistor STr and the driving thin film
transistor DTr may have a bottom gate type in which the
semiconductor layer 103 is made of intrinsic amorphous
silicon and doped amorphous silicon.

[0050] In this case, when the semiconductor layer 103 is
formed as the oxide semiconductor layer, a light shielding
layer (not shown) may be further disposed below the semi-
conductor layer 103. A buffer layer may be disposed
between the light shielding layer (not shown) and the
semiconductor layer 103.

[0051] In addition, each color filter 1062, 1065, and 106¢
are disposed on the upper portion of the second interlayer
insulating film 1095 corresponding to the emission region
EA of each of the subpixels R-SP, G-SP, and B-SP.

[0052] The color filters 106a, 1065, and 106¢ are for
converting a color of white light emitted from the organic
light emitting layer 113. A red color filter 1064, a green color
filter 1064, and a blue color filter 106¢ are disposed in the
emission regions EA of the subpixels R-SP, G-SP. and B-SP,
respectively. Since the subpixels R-SP, G-SP, and B-SP
respectively emit a red color light R, a green color light G.
and a blue color light B, the OLED display device 100 of the
present disclosure implements a high brightness full-color
display.

[0053] Here, the OLED display device 100 according to
the embodiment of the present disclosure is characterized in
that reflective barriers 200 are further disposed on the upper
portion of the second interlayer insulating film 1094.
[0054] The reflective barrier 200 is disposed along an edge
of the non-emission region NEA of each of the subpixels
R-SP, G-SP, and B-SP. The reflective barrier 200 has a
quadrangular frame shape corresponding to an edge of each
of the subpixels R-SP, G-SP, and B-SP, and a side surface
thereof has an inverse-tapered shape.

[0055] Due to the reflective barrier 200, it is possible to
improve light extraction efficiency of the OLED display
device 100 according to the embodiment of the present
disclosure. In addition, it is possible to minimize light
leakage generated due to light being reflected from an
adjacent subpixel R-SP, G-SP, or B-SP.

[0056] This will be described in more detail later.

[0057] An overcoat layer 108 having a drain contact hole
PH configured to expose the second interlayer insulating
film 1094 and the drain electrode DD of the driving thin film
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transistor DTr is disposed on the reflective barriers 200 and
the color filters 106a, 1065, and 106c¢.

[0058] The first electrode 111 is disposed on an upper
portion of the overcoat layer 108, the first electrode 111
being connected to the drain electrode DD of the driving thin
film transistor DTr and being made of a material having a
relatively high work function value to constitute an anode of
the LED E.

[0059] The first electrode 111 is disposed in each of the
subpixels R-SP, G-SP, and B-SP. The bank 119 may be
disposed between the first electrodes 111 disposed in the
subpixels R-SP, G-SP, and B-SP. That 1s, the first electrode
111 is separately disposed in each of the subpixels R-SP,
G-SP, and B-SP due to the bank 119, which is a boundary
portion of each of the subpixels R-SP, G-SP, and B-SP.
[0060] The organic light emitting layer 113 is disposed on
an upper portion of the first electrode 111. A second elec-
trode 115, which constitutes a cathode, is disposed on an
entire upper surface of the organic light emitting layer 113.
[0061] In the OLED display device 100, when a certain
voltage is applied to the first electrode 111 and the second
electrode 115 according to a selected signal, holes injected
from the first electrode 111 and electrons injected from the
second electrode 115 are transported to the organic light
emitting layer 113 to form excitons. When the excitons
transit from an excited state to a ground state, light is
generated and emitted in the form of visible light.

[0062] In this case, the emitted light passes through the
transparent first electrode 111 and is emitted to the outside,
so that the OLED display device 100 implements any image.
[0063] In the OLED display device 100 according to the
embodiment of the present disclosure, since the reflective
barrier 200 is additionally disposed along the edge of each
of the subpixels R-SP, G-SP, and B-SP on the upper portion
of the second interlayer insulating film 1095, it is possible to
improve light extraction efficiency of the OLED display
device. In addition, it is possible to minimize light leakage
generated due to light being reflected from the adjacent
subpixel R-SP, G-SP, or B-SP.

[0064] FIG. 4 is a schematic view illustrating a state in
which light is guided in the OLED display device 100
according to the embodiment of the present disclosure.
[0065] As shown, the red subpixel R-SP and the green
subpixel G-SP are disposed adjacent to each other on the
substrate 101 with the non-emission region NEA, which is
corresponding to the data line DL, interposed therebetween.
The red color filter 106a is disposed on the upper portion of
the second interlayer insulating film 1095 in the emission
region EA of the red subpixel R-SP. The green color filter
1065 is disposed on the upper portion of the second inter-
layer insulating film 1095 in the emission region EA of the
green subpixel G-SP.

[0066] The reflective barrier 200 is disposed on the upper
portion of the second interlayer insulating film 1095 in the
non-emission region NEA between the emission region EA
of the red subpixel R-SP and the emission region EA of the
green subpixel G-SP.

[0067] The reflective barrier 200 has both side surfaces
201 inversely tapered, a lower surface 203, and an upper
surface 205, which connect the both side surfaces 201. A
cross section of the reflective barrier 200 has an inverse
trapezoidal shape of which a width is gradually increased
moving away from the second interlayer insulating film
1095.



US 2019/0131578 Al

[0068] Meanwhile, in addition to the inverse trapezoidal
shape. the cross section of the reflective barrier 200 may
have any shape as long as the both side surfaces 201 have an
inverse-tapered structure. In an example, the cross section of
the reflective barrier 200 may have an inverse triangular
shape. as shown in FIG. 5C.

[0069] In this case, when the cross section of the reflective
barrier 200 has the inverse triangular shape, the lower
surface 203 may be omitted.

[0070] Here, the inverse-tapered structure means that the
both side surfaces 201 facing each other are inclined such
that a width thereof is decreased in a travelling direction of
light emitted from the organic light emitting layer 113.
[0071] The reflective barrier 200 may not require optical
characteristics and thus may be made of various materials,
such as photodefinable acrylic, photoresist, silicon oxide
(810,), silicon nitride (SiN,), poly(methyl methacrylate)
(PMMA), benzocyclobutene (BCB), polyimide, acrylate,
epoxy, and polyester, but the present disclosure is not limited
thereto.

[0072] The reflective barrier 200 may be made of an
opaque material such as a bank material. The bank material
may include an organic resin, a resin or paste including a
glass paste and a black pigment, particles of metals such as
nickel, aluminum, molybdenum, and alloys thereof, par-
ticles of a metal oxide (e.g., chromium oxide), or particles of
a metal nitride (e.g., chromium nitride).

[0073] A reflective layer 210 is disposed on the both side
surfaces 201 and the upper surface 205 of the reflective
barrier 200.

[0074] The reflective layer 210 may be made of any
material capable of reflecting light. The reflective layer 210
1s formed by depositing at least one selected from titanium
dioxide, aluminum, aluminum oxide, barium sulfate, cal-
cium carbonate, calcium sulfate, magnesium sulfate, barium
carbonate, zinc oxide, magnesium hydroxide, calcium
hydroxide, and talc on the both side surfaces 201 and the
upper surface 205 of the reflective barrier 200.

[0075] Therefore, the reflective barrier 200 has reflective
side surfaces 201 which are inversely tapered. However, the
present disclosure is not limited thereto. In one embodiment
of the present disclosure, the reflective barrier 200 can be
made of a material that is capable of reflecting light. In this
case, the reflective layer 210 shown in FIG. 4 may be
omitted, but the reflective barrier 200 still has an inversely
tapered reflective side surface.

[0076] The overcoat layer 108 is disposed on the red color
filter 1064, the green color filter 1065, and the reflective
barrier 200. The first electrode 111 is provided in each of the
subpixels R-SP and G-SP and on the upper portion of the
overcoat layer 108 corresponding to the emission regions
EA of the red subpixel R-SP and the green subpixel G-SP. In
addition, the organic light emitting layer 113 and the second
electrode 115 are sequentially stacked on the first electrode
111 to constitute the LED E.

[0077] The substrate 101, on which the LED E is formed,
is encapsulated by a protective film 102.

[0078] Here, the bank 119 is disposed to correspond to the
non-emission region NEA between the first electrode 111
disposed on the red subpixel R-SP and the first electrode 111
disposed on the green subpixel G-SP, and disposed on the
overcoat layer 108. It is preferable that a width D2 of the
bank 119 corresponding to a width of the non-emission
region NFA is greater than a width D1 of an upper surface
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205 of the reflective barrier 200 in the non-emission region
NEA such that the reflective barrier 200 provided with the
reflective layer 210 is prevented from being visible.

[0079] Here, in the OLED display device 100 (of FIG. 3)
according to the embodiment of the present disclosure, since
the reflective barrier 200 having the reflective side surfaces
201 inversely tapered is disposed along the edge of each of
the subpixels R-SP and G-SP, light travelling to the non-
emission region NEA can be extracted to the outside.
Therefore, light extraction efficiency can be improved.
[0080] More specifically, since a refractive index of the
organic light emitting layer 113 is substantially the same as
a refractive index of the first electrode 111, an optical path
of light generated in the organic light emitting layer 113 is
not changed at an interface between the organic light emit-
ting layer 113 and the first electrode 111.

[0081] The organic light emitting layer 113 and the first
electrode 111 may have a refractive index of 1.7 to 2.0.
[0082] In this case, since the overcoat layer 108 has a
refractive index of about 1.5, the light emitted in the organic
light emitting layer 113 is totally reflected at an interface
between the first electrode 111 and the overcoat layer 108.
Here, among the light totally reflected at the interface
between the first electrode 111 and the overcoat layer 108,
some light L1 travels to the emission region EA of each of
the subpixels R-SP and G-SP. However, some light 1.2 does
not travel to the emission region EA of each of the subpixels
R-SP and G-SP and travels to the non-emission region NEA
disposed between the emission regions EA of the subpixels
R-SP and G-Sp.

[0083] Since the light L2 traveling to the non-emission
region NEA has an angle greater than a total reflection
critical angle, the light L2 does not pass through the sub-
strate 101 and is totally reflected at an interface of the
substrate 101 and thus is trapped without being emitted to
the outside of the substrate 101.

[0084] Here, in the OLED display 100 (of FIG. 3) accord-
ing to the embodiment of the present disclosure, the light .2
traveling to the non-emission region NEA is reflected by the
reflective barrier 200 and thus is extracted to the outside of
the substrate 101.

[0085] That is, the reflective barrier 200 provided with the
reflective layer 210 adjusts a reflection angle of incident
light through the reflective side surface 201 by which the
light L2 travelling to the non-emission region NEA is
reflected. In this case, since the reflective side surface 201 of
the reflective barrier 200 is inversely tapered, while the light
L2 traveling to the non-emission region NEA is reflected by
the reflective side surface 201 inversely tapered, the reflec-
tive barrier 200 prevents light having a specific angle from
being totally internally reflected.

[0086] Therefore, among the light L2 travelling to the
non-emission region NEA is reflected toward the emission
region EA by the reflective barrier 200 which is inversely
tapered. The light L2 reflected to the emission region EA is
extracted to the outside of the substrate 101, thereby improv-
ing light extraction efliciency of the OLED display device
100 (of FIG. 3) according to the embodiment of the present
disclosure.

[0087] That is, the light L1 and the light L2 emitted from
the organic light emitting layer 113 of the green subpixel
G-SP, the some light L1 travels to the emission region EA,
passes through the green color filter 1065, and is emitted to
the outside of the substrate 101. However, the some light 1.2
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travels to the non-emission region NEA between the emis-
sion region EA of the green subpixel G-SP and the emission
region EA of the red subpixel R-SP.

[0088] In this case, the light L2 traveling to the non-
emission region NEA is reflected by the reflective side
surface 201 of the reflective barrier 200, then travels to the
emission region EA of the green subpixel G-SP, and is
extracted to the outside of the substrate 101.

[0089] Accordingly, light extraction efficiency can be
improved to improve brightness of the OLED display device
100 (of FIG. 3) and also to prevent an increase in power
consumption of the OLED display device 100 (of FIG. 3).
[0090] In addition, as the light extraction efficiency is
improved, lifespan of the LED E is also increased.

[0091] Furthermore, the OLED display device 100 (of
FIG. 3) according to the embodiment of the present disclo-
sure can minimize light leakage generated due to light being
reflected from the adjacent subpixel R-SP or G-SP.

[0092] More specifically, some of light L3 and light L4
traveling to the substrate 101 among light emitted from the
organic light emitting layer 113 is reflected by a metal line
such as the data line DL provided on the substrate 101 and
reaches the adjacent subpixel R-SP or G-SP. Thus, light
leakage is generated.

[0093] That is, while the light L1, the light [.3, and the
light L4 emitted from the organic light emitting layer 113 of
the green subpixel G-SP pass through the green color filter
1064 and the substrate 101 and are emitted to the outside, the
some light 1.3 or L4 is reflected by the metal line such as the
data line DL and travels to the red subpixel R-SP. Thus, light
leakage of green light is generated in the red subpixel R-SP.
[0094] In this case, in the OLED display device 100 (of
FIG. 3) according to the embodiment of the present disclo-
sure, since the reflective barrier 200 is disposed in the
non-emission region NEA along the edge of each of the
subpixels R-SP and G-SP, light is prevented from reaching
the adjacent subpixel R-SP or G-SP.

[0095] Therefore, it is possible to minimize light leakage
generated due to light L3 being reflected from the adjacent
subpixel R-SP or G-SP.

[0096] In addition, the light L4 reflected and generated
from the adjacent subpixel R-SP or G-SP is reflected and
extracted to the outside, thereby further improving light
extraction efficiency of the OLED display device 100 (of
FIG. 3).

[0097] FIG. 5A illustrates a simulation result of measuring
a state in which light is guided in an OLED display device
not including a reflective barrier. FIG. 5B illustrates a
simulation result of measuring a state in which light is
guided in the OLED display device 100 including the
reflective barrier 200 according to the embodiment of the
present disclosure.

[0098] FIGS. 5C to 5E illustrate simulation results of
measuring a state in which light is guided according to an
inverse taper angle defined by the reflective side surface 201
of the reflective barrier 200. FIG. 6 is a schematic cross-
sectional view illustrating the reflective barrier 200 accord-
ing to the embodiment of the present disclosure.

[0099] Prior to the description, an inverse taper angle (©)
defined by the reflective side surface 201 of the reflective
barrier 200 is 56.3°, the organic light emitting layer 113 and
the first electrode 111 have an refractive index of 1.7 to 1.8,
and the overcoat layer 108 and the substrate 101 have a
refractive angle of 1.5.
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[0100] Referring to FIGS. 5A and 5B, it can be confirmed
that light is totally reflected at the interface between the first
electrode 111 and the overcoat layer 108 and travels to the
non-emission region NEA.

[0101] Here, as shown in FIG. 5A, in the OLED display
device not including the reflective barrier, it can be con-
firmed that light traveling to the non-emission region NEA
is totally reflected at a boundary of the substrate 101.

[0102] As a result, light is trapped without being emitted
to the outside of the substrate 101.

[0103] On the contrary, as shown in FIG. 5B, in the OLED
display device 100 (of FIG. 3) including the reflective
barrier 200, it can be confirmed that light, which is totally
reflected at the interface between the overcoat layer 108 and
the first electrode 111 and travels to the non-emission region
NEA, is reflected by the reflective side surface 201 of the
reflective barrier 200 and thus is extracted to the outside of
the substrate 101.

[0104] As a result, in the OLED display device 100 (of
FIG. 3) according to the embodiment of the present disclo-
sure, since the reflective barrier 200 is additionally disposed
along the edge of each of the subpixels (R-SP and G-SP of
FIG. 4) on the upper portion of the second interlayer
insulating film (1095 of FIG. 4), it can be seen that improve-
ment of light extraction efficiency of the OLED display
device 100 (of FIG. 3) is possible.

[0105] On the other hand, a state in which light is guided
according to an inverse taper angle (®) defined by the
reflective side surface 201 of the reflective barrier 200
according to the embodiment of the present disclosure will
be described with reference to the accompanying FIGS. 5C
to 5E and FIG. 6.

[0106] Prior to the description, an inverse taper angle (@)
defined by the reflective side surface 201 of the reflective
barrier 200 in FIG. 5C is 45°, an inverse taper angle (©)
defined by the reflective side surface 201 of the reflective
barrier 200 in FIG. 5D is 72°, and an inverse taper angle ()
defined by the reflective side surface 201 of the reflective
barrier 200 in FIG. 5E is 90°.

[0107] Referring to FIGS. 5C to SE and FIG. 5B, when an
inverse taper angle (®) defined by the reflective side surface
201 of the reflective barrier 200 is in a range of 45° to 72°,
it can be confirmed that light reflected by the reflective
barrier 200 is emitted through a side surface, as shown in
FIG. 5C and FIG. 5D. When an inverse taper angle (®)
defined by the reflective side surface 201 of the reflective
barrier 200 is 56.3°, it can be confirmed that light reflected
by the reflective barrier 200 is emitted through a front
surface, as shown in FIG. 5B.

[0108] Therefore, the inverse taper angle (®) defined by
the reflective side surface 201 of the reflective barrier 200
can be adjusted to improve brightness emitted to a front or
a side of the display.

[0109] Meanwhile, referring to FIG. 5E, when an inverse
taper angle (®) defined by the reflective side surface 201 of
the reflective barrier 200 is 90°, it can be confirmed that light
reflected by the reflective side surface 201 of the reflective
barrier 200 is totally reflected at the boundary of the sub-
strate 101. Thus, when the inverse taper angle (0) defined by
the reflective side surface 201 of the reflective barrier 200 is
90°, light is trapped without being emitted to the outside of
the substrate 101.
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[0110] Therefore, it is preferable that the inverse taper
angle (®) defined by the reflective side surface 201 of the
reflective barrier 200 is designed to be less than 90°.
[0111] When an inverse taper angle (®) defined by the
reflective side surface 201 of the reflective barrier 200 is 45°
or less, the width D1 of the upper surface 205 of the
reflective barrier 200 is increased. Thus, since it is necessary
to increase a width of the non-emission region NEA in which
the reflective barrier 200 is disposed, it is preferable that the
inverse taper angle () defined by the reflective side surface
201 of the reflective barrier 200 is greater than 45°.

[0112] As the inverse taper angle (®) defined by the
reflective side surface 201 of the reflective barrier 200 is
decreased, reflection is performed near the lower surface 203
of the reflective barrier 200. Thus, in order to decrease the
inverse taper angle (@) defined by the reflective side surface
201 of the reflective barrier 200, it is necessary to increase
a thickness h of the reflective barrier 200.

[0113] When the thickness h of the reflective barrier 200
is increased, a total thickness of the OLED display device
100 (of FIG. 3) is also increased. Thus, it is preferable that
the inverse taper angle (®) defined by the reflective side
surface 201 is greater than 45°.

[0114] Meanwhile, a tail 220 of the reflective layer 210 is
formed adjacent to the lower surface 203 in a process of
depositing the reflective layer 210 provided on the both side
surfaces 201 and the upper surface 205 of the reflective
barrier 200. It is preferable that the tail 220 is not exposed
outside the upper surface 205 of the reflective barrier 200 so
as to not be visible.

[0115] Here, as the inverse taper angle (®) defined by the
reflective side surface 201 of the reflective barrier 200 is
increased, the tail 220 may be exposed outside the upper
surface 205 of the reflective barrier 200. Thus, it is prefer-
able that the inverse taper angle (®) defined by the reflective
side surface 201 of the reflective barrier 200 is an angle less
than 90°, at which light can be extracted to the outside of the
substrate 101, and is within a limit range in which the tail
220 of the reflective layer 210 is not exposed outside the
upper surface 205 of the reflective barrier 200.

[0116] As described above, in the OLED display device
100 (of FIG. 3) according to the embodiment of the present
disclosure, since the reflective barrier 200 having the reflec-
tive side surface 201 inversely tapered is disposed to cor-
respond to the non-emitting region (NEA of FIG. 4) defined
along the edge of the emission region (EA of FIG. 4) of each
of the subpixels (R-SP and G-SP of FIG. 4), among the light
emitted from each of the subpixels (R-SP and G-SP of FIG.
4), the light (L2 of FIG. 4) traveling to the non-emission
region (NEA of FIG. 4) may be reflected and extracted to the
outside of the substrate 101.

[0117] As aresult, light extraction efficiency of the OLED
display device 100 (of FIG. 3) is improved.

[0118] In addition, it is possible to minimize light leakage
generated due to light being reflected from the adjacent
subpixel (R-SP or G-SP of FIG. 4). Furthermore, the light
(T4 of FIG. 4) reflected and generated from the adjacent
subpixel (R-SP or G-SP of FIG. 4) is reflected and extracted
to the outside, thereby further improving light extraction
efficiency of the OLED display device 100 (of FIG. 3).
[0119] In the above description, it has been described as an
example that one unit pixel (P in FIG. 3) includes only the
red, green, and blue subpixels (R-SP, G-SP, and B-SP of
FIG. 3), but a white subpixel may be further included in one
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unit pixel (P in FIG. 3). A white color filter may be
separately disposed in the white subpixel, or white light
implemented from the organic light emitting layer (113 in
FIG. 4) may be directly transmitted to implement white
light.

[0120] In addition, the red, green, and blue color filters
(106a, 1065 and 106¢ of FIG. 3) may be omitted in the
subpixels (R-SP, G-SP, and B-SP of FIG. 3), and a red color
light, a green color light, and a blue color light may be
implemented from the organic light emitting layers (113 of
FIG. 3) disposed in the subpixels (R-SP, G-SP, and B-SP of
FIG. 3).

[0121] The organic light emitting layers (113 of FIG. 3)
disposed in the subpixels (R-SP, G-SP, and B-SP of FIG. 3)
may have various thicknesses according to colors to be
implemented.

[0122] As described above, according to the present dis-
closure, since a reflective barrier having a reflective side
surface which is inversely tapered is disposed to correspond
to a non-emission region defined along an edge of each
subpixel, among light emitted from each of the subpixels,
light traveling to the non-emission region can be reflected
and extracted to the outside of a substrate, thereby improv-
ing light extraction efficiency of an OLED display device.
[0123] In addition, it is possible to minimize light leakage
generated due to light being reflected from the adjacent
subpixel. Furthermore, light reflected and generated from
the adjacent subpixel can be reflected and extracted to the
outside, thereby further improving the light extraction effi-
ciency of the OLED display device.

[0124] The present disclosure is not limited to the above-
described embodiments, and it will be apparent to those
skilled in the art that various modifications and variations
can be made in the present disclosure without departing
from the spirit or scope of the disclosure.

[0125] The various embodiments described above can be
combined to provide further embodiments. These and other
changes can be made to the embodiments in light of the
above-detailed description. In general, in the following
claims, the terms used should not be construed to limit the
claims to the specific embodiments disclosed in the speci-
fication and the claims, but should be construed to include
all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

What is claimed is:

1. An organic light emitting diode display, comprising:

a substrate having a plurality of subpixels which each
have an emission region and a non-emission region
defined along an edge of the emission region;

a reflective barrier disposed to correspond to the non-
emission region and including a reflective side surface,
the reflective barrier having a height between an upper
surface and a lower surface and having a width that
decreases along the height from the upper surface to the
lower surface;

an overcoat layer disposed on an upper portion of the
reflective barrier; and

a light emitting diode including a first electrode, an
organic light emitting layer, and a second electrode,
which are sequentially disposed on the overcoat layer.

2. The organic light emitting diode display of claim 1,

wherein the reflective barrier has a quadrangular frame
shape formed along the edge of the emission region, and



US 2019/0131578 Al

including side surfaces formed as the reflective side surface,

and the upper surface formed to connect the side surfaces,

wherein a reflective layer is provided on the side surfaces
and the upper surface.

3. The organic light emitting diode display of claim 2,
wherein a cross section of the reflective barrier has at least
one of an inverse trapezoidal shape or an inverse triangular
shape of which a width is gradually increased moving away
from the substrate.

4. The organic light emitting diode display of claim 1,
wherein an inverse taper angle defined by the substrate and
the reflective side surface is greater than 45° and less than
90°.

5. The organic light emitting diode display of claim 1,
wherein the first electrode is disposed in each of the sub-
pixels, and a bank is disposed along an edge of the first
electrode,

wherein a width of the reflective barrier is less than a
width of the bank.
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6. The organic light emitting diode display of claim 1,
wherein the plurality of subpixels include a red subpixel
including a red color filter provided in the emission region,
a green subpixel including a green color filter provided in the
emission region, and a blue subpixel including a blue color
filter provided in the emission region.

7. The organic light emitting diode display of claim 6,
wherein a driving thin film transistor is provided in each of
the subpixels and includes a semiconductor layer, a gate
insulating film disposed on an upper portion of the semi-
conductor layer, a gate electrode disposed on an upper
portion of the gate insulating film, a first interlayer insulating
film disposed on an upper portion of the gate electrode, and
source and drain electrodes disposed on an upper portion of
the first interlayer insulating film,

wherein the reflective barrier and the red, green, and blue

color filters are disposed on an upper portion of a
second interlayer insulating layer disposed on the
source and drain electrodes.

I S S T
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