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(7) ABSTRACT

An organic light emitting diode display (OLED) is dis-
closed. The disclosed OLED includes a substrate including
a plurality of sub-pixels, each sub-pixel comprising a dis-
play area and a non-display area surrounding the display
area, the display area comprising a first display area at a
center region of the display area and a second display area
surrounding the first display area; a first electrode formed in
the display area; an organic light emitting layer formed on
the first electrode and extending to the non-display area; a
third electrode formed on a portion of the organic light
emitting layer in the first display area; and a second elec-
trode formed on the third electrode and the organic light
emitting layer, wherein the first and third electrodes are able
to achieve a micro cavity effect.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

[0001] The present application claims the priority from
and the benefit of Korean Patent Application No. 10-2017-
0168166 filed in Republic of Korea on Dec. 8, 2017, which
is hereby incorporated by reference in its entirety for all
purposes as if fully set forth herein.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an organic light
emitting diode display (OLED), and particularly, to an
OLED that can improve a light extraction efficiency.

2. Discussion of the Related Art

[0003] With the advent of the information society, infor-
mation display devices for processing and displaying a large
amount of information have been drawing interest, including
for application in portable information devices. Accordingly,
various types of flat display devices of lightweight and thin
profile have been developed and spotlighted.

[0004] For example. the types of flat display devices
include a liquid crystal display device (LCD), a plasma
display panel device (PDP), a field emission display device
(FED), an electroluminescent display device (ELD), and an
organic light emitting diode display device (OLED). These
flat display devices have advantages of thin profile, light-
weight, low power consumption, and the like, and therefore
have replaced cathode ray tube (CRT) devices rapidly.
[0005] Among the flat display devices, the OLED is a
self-luminescent device. As such, it can be lightweight and
have a thin profile because it does not require a backlight
used, for example, for emitting light in the LCD.

[0006] Further, compared with the LCD, the OLED has
advantages of an excellent viewing angle and contrast ratio,
low power consumption, operation in low DC voltage, a fast
response speed, being equipped to withstand an external
impact because of its solid internal components, and a wide
operating temperature range.

[0007] In addition, since processes of manufacturing the
OLED are relatively simple, a production cost of the OLED
can be reduced in comparison with that of the LCD.
[0008] FIG. 1 is a band diagram of a light emitting diode
of an OLED according to the related art.

[0009] As illustrated in FIG. 1, a light emitting diode 10
includes an anode 21, a cathode 25, and an organic light
emitting layer 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.

[0010] To improve an emission efficiency, a hole injection
layer (HIL) 37 is between the anode 21 and the HTL 33, and
an electron injection layer (EIL) 39 is between the cathode
25 and the ETL 35.

[0011] In the light emitting diode 10, when the anode 21
and the cathode 25 are respectively applied with a positive
voltage and a negative voltage, a hole from the anode 21 and
an electron from the cathode 25 are transported to the EML
40 and form an exciton. When a transition of the exciton
from an excited state to a ground state occurs, a light is
produced and emitted from the EML 40.
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[0012] However, much of the light emitted from the
organic light emitting layer is lost, and a light output from
the related art OLED is only about 20% of the total light
produced at the organic light emitting layer.

[0013] An amount of light emitted from the organic light
emitting layer increases according to a magnitude of a
current applied to the OLED. Accordingly, a higher current
applied to the organic light emitting layer can increase a
brightness of the OLED. However, this causes an increase in
power consumption and a reduction in lifetime of the OLED.

SUMMARY

[0014] Accordingly, the present disclosure is directed to
an OLED that substantially obviates one or more of the
problems due to limitations and disadvantages of the related
art.

[0015] An aspect of the present disclosure is to provide an
OLED that can improve an extraction efficiency and also
improve a color purity.

[0016] Additional features and aspects will be set forth in
the description that follows, and in part will be apparent
from the description, or may be learned by practice of the
inventive concepts provided herein. Other features and
aspects of the inventive concepts may be realized and
attained by the structure particularly pointed out in the
written description, or derivable therefrom, and the claims
hereof as well as the appended drawings.

[0017] To achieve these and other advantages, and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, An organic light
emitting diode display (OLED) includes: a substrate includ-
ing a plurality of sub-pixels, each sub-pixel comprising a
display area and a non-display area surrounding the display
area, the display area comprising a first display area at a
center region of the display area and a second display area
surrounding the first display area; a first electrode formed in
the display area; an organic light emitting layer formed on
the first electrode and extending to the non-display area; a
third electrode formed on a portion of the organic light
emitting layer in the first display area; and a second elec-
trode formed on the third electrode and the organic light
emitting layer, wherein the first and third electrodes are able
to achieve a micro cavity effect.

[0018] In another aspect, an organic light emitting diode
display (OLED) includes: a substrate including a plurality of
sub-pixels, the sub-pixels including at least a first sub-pixel
having a first display region, a second display region, and a
non-display region; an overcoat layer on the substrate and
including a groove in the first sub-pixel, the groove having
a bottom surface in the first display region and an inclined
side wall in the second display region; a first electrode on the
bottom surface and the inclined side wall of the groove; an
organic light emitting layer on the first electrode; a second
electrode on the organic light emitting layer; and a third
electrode between the organic light emitting layer and the
second electrode, and contacting the second electrode.
[0019] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory, and are intended to provide
further explanation of the inventive concepts as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
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incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure. In the drawings:

[0021] FIG. 1 is a band diagram of a light emitting diode
of an OLED according to the related art;

[0022] FIG. 2 is a plan view illustrating a structure of a
unit pixel including three sub-pixels in an OLED according
to an example embodiment of the present disclosure;

[0023] FIG. 3 is a cross-sectional view taken along a line
of FIG. 2; and
[0024] FIG. 4 is a schematic view illustrating various

example light paths guided in an OLED according to an
example embodiment of the present disclosure.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings. The same or like reference numbers may be
used throughout the drawings to refer to the same or like
parts.

[0026] FIG. 2 is a plan view illustrating a structure of a
unit pixel including three sub-pixels in an OLED according
to an example embodiment of the present invention. FIG. 3
is a cross-sectional view taken along a line of FIG. 2.
[0027] The OLED 100 of this example embodiment may
be a top emission type display or bottom emission type
display according to a transmission direction (or output
direction) of an emitted light. In this aspect, a top emission
type light emitting display device 10 is described by way of
example.

[0028] As illustrated in FIGS. 2 and 3, a unit pixel P of the
OLED 100 may include three sub-pixels R-SP, G-SP, and
B-SP. Each sub-pixel may include a display region (or
emission region) EA, and a bank 119 may be located along
a peripheral portion of the display region EA. A non-display
region (or non-emission region) NEA may be defined at the
bank 119.

[0029] For the purpose of the description of an example
embodiment, example sub-pixels R-SP, G-SP, and B-SP
arranged with the same width are shown. However, the
sub-pixels R-SP, G-SP, and B-SP may have different con-
figurations with different widths.

[0030] A switching thin film transistor (TFT) STr and a
driving TFT DTr may be formed at the non-display region
NEA of each sub-pixel. At the display region EA of each
sub-pixel, a light emitting diode E including a first electrode
111, an organic light emitting layer 113, and a second
electrode 115 may be formed.

[0031] The switching TFT STr and the driving TFT DTr
may be connected to each other, and the driving TFT DTr
may be connected to the light emitting diode E.

[0032] Also, a gate line SL, a data line DL, and a power
line VDD may be arranged on a substrate 101 to define each
of the sub-pixels R-SP, G-SP, and B-SP.

[0033] The switching TFT STr may be formed at the
crossing portion of the corresponding gate line GL and the
corresponding data line DL, and may function to select the
corresponding sub-pixel.

[0034] The switching TFT STr may include a gate elec-
trode SG branching off from the gate line SL, a semicon-
ductor layer, a source electrode SS, and a drain electrode SD.
[0035] The driving TFT DTr may function to operate the
light emitting diode E of the sub-pixel selected by the
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corresponding switching TFT STr. The driving TFT DTr
may include a gate electrode DG connected to the drain
electrode SD of the switching TFT STr, a semiconductor
layer 103, a source electrode DS connected to the power line
VDD, and a drain electrode DD.

[0036] The drain electrode DD of the driving TFT DTr
may be connected to the first electrode 111 of the light
emitting diode E, and the organic light emitting layer 113
may be interposed between the first and second electrodes
111 and 115.

[0037] Inthe OLED 100 of this example embodiment, the
display region EA in each sub-pixel may be divided into a
first display region EA1 and a second display region EA2
adjacent a peripheral portion of the first display region EA1.
In other words, the second display region EA2 may be
located next to the first display region EA1 or surround the
first display region EAT.

[0038] Further, the OLED 100 of this example embodi-
ment may further include a third electrode 200 that corre-
sponds to the first display region EA1 and is connected to the
second electrode 115.

[0039] As further illustrated in FIG. 3, in the example
OLED 100, the substrate 101 having the driving TFT DTr
and the light emitting diode E may be encapsulated by a
protective film 102.

[0040] The semiconductor layer 103 may be located at a
switching region TrA where the driving TFT DTr is formed.
The semiconductor layer 103 may be made of silicon, and
may include an active region 103« as a channel at a center
portion thereof, and source and drain regions 1034 and 103c,
highly doped with impurities, at both sides of the active
region 103a.

[0041] A gate insulating layer 105 may be formed on the
semiconductor layer 103.

[0042] The gate electrode DG may be formed on the gate
insulating layer 105 corresponding to the active region 103a.
The gate line GL extending along a direction may be formed
on the gate insulating layer 103.

[0043] A first inter-layered insulating layer 106a may be
located on the gate electrode DG and the gate line GL. The
first inter-layered insulating layer 106¢ and the gate insu-
lating layer 105 may include first and second semiconductor
contact holes 107 exposing the source and drain regions
1035 and 103c¢, respectively.

[0044] The source and drain electrodes DS and DD may
be formed on the first inter-layered insulating layer 106a and
spaced apart from each other. The source and drain elec-
trodes DS and DD may contact the source and drain regions
1035 and 103¢ through the first and second semiconductor
contact holes 107, respectively.

[0045] A second inter-layered insulating layer 1065 may
be formed on the source and drain electrodes DS and DD,
and the first inter-layered insulating layer 106a.

[0046] The source and drain electrodes DS and DD, the
semiconductor layer 103, and the gate electrode DG, and the
gate insulating layer 105 on the semiconductor layer 103
may form the driving TFT DTr.

[0047] Even though not shown in FIG. 3, the switching
TFT STr may have substantially the same structure as the
driving TFT DTr.

[0048] In this example embodiment, the driving TFT DTr
and the switching TFT STr having a top gate structure with
the semiconductor layer 103 formed as a polycrystalline
silicon layer or oxide semiconductor layer is described by
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way of example. Alternatively, one or both of the driving
TFT DTr and the switching TFT STr may have a bottom gate
structure with the semiconductor layer 103 formed as an
amorphous silicon layer.

[0049] If the semiconductor layer 103 uses an oxide
semiconductor layer, a light shielding layer may be formed
below the semiconductor layer 103, and a buffer layer may
be formed between the light shielding layer and the semi-
conductor layer 103.

[0050] An overcoat layer 108 may be formed on the
second inter-layered insulating layer 1065. The overcoat
layer 108 and the second inter-layered insulating layer 1065
may have a drain contact hole PH exposing the drain
electrode DD of the driving TFT DTr.

[0051] The overcoat layer 108 may include a groove 109
corresponding to the display region EA of each sub-pixel,
and the groove 109 may be located at a side of the drain
contact hole PH. Accordingly, the overcoat layer 108 may
include the groove 109, which has a flat bottom surface 1094
and a side wall (or side surface) 1095 inclined at a prede-
termined angle 0 from an edge of the bottom surface 109a,
and a top surface 109¢ between the neighboring grooves
109. The first display region EA1 of each sub-pixel may
correspond to the bottom surface 109a of the groove 109,
and the second display region EA2 of each sub-pixel may
correspond to the side wall 10956 of the groove 109.

[0052] The top surface 109¢ of the overcoat layer 109 may
be located corresponding to the non-display region NEA.

[0053] The inclined angle 6 of the side wall 1095 may be
in a range of about 10 degrees to about 80 degrees. The
inclined angle 8 may vary according to an area of each
sub-pixel, within a limit such that a light output from the side
wall 1095 (i.e., output from the second display region EA2)
is heading for a center portion of the corresponding sub-
pixel.

[0054] At the groove 109, the first electrode 111, which
may be made of a material having a relatively high work
function and serve as an anode of the light emitting diode E
of each sub-pixel, may be formed. Fach first electrode 111
may be patterned by each sub-pixel and be formed in each
sub-pixel. The first electrode 111 may be connected to the
drain electrode DD of the driving TFT DTr through the drain
contact hole PH and may extend over the bottom surface
109a and the side wall 1095 of the groove 109.

[0055] In other words, each first electrode 111 may be
located at the groove 109 of the overcoat layer 108 corre-
sponding to each sub-pixel, and may be separated from the
first electrode 111 of a neighboring sub-pixel. The first
electrode 111 of the sub-pixel may be formed to extend
along both of the first display region EA1 and the second
display region EA2, without being formed on the top surface
109¢ of the overcoat layer 108 corresponding to the non-
display region NEA. The bank 119 may be formed along a
peripheral portion of the first electrode 111. The bank 119
may be located between the neighboring first electrodes 111
and may separate the neighboring first electrodes 111 from
each other.

[0056] The bank 119 may be made of a transparent insu-
lating material having a refractive index of about 1.5. For
example, the bank 119 may be made of, but is not limited to,
an acryl based resin, an epoxy resin, a phenol resin, a
polyamide based resin, a polyimide based resin, an unsatu-
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rated polyester based resin, a polyphenylene based resin, a
polyphenylene sulfide based resin, a benzocyclobutene, or a
photoresist.

[0057] The bank 119 may be divided into a first bank 1194
in the non-display region NEA, and a second bank 1195 in
the second display region EA2. The first bank 1194 in the
non-display region NEA may have a structure to separate the
first electrodes 111 of neighboring sub-pixels from one
another. The second bank 1196 may cover and shield a
portion of the first electrode 111 extending along the side
wall 1095 of the overcoat layer 108 in the second display
region EA2. The organic light emitting layer 113 may be
formed on the first and second banks 119a and 1194, and on
the first electrode 111. The second electrode 115 may be
formed entirely on the organic light emitting layer 113 and
serve as a cathode.

[0058] When the first electrode 111 and the second elec-
trode 115 are applied with respective voltages, a hole from
the first electrode 111 and an electron from the second
electrode 115 may be transported to the organic light emit-
ting layer 113 and form an exciton. When a transition of the
exciton from an excited state to a ground state happens, a
light may be produced and emitted.

[0059] The emitted light may pass though the transparent
second electrode 115 and travel to the outside, and thus the
OLED 100 may display an image.

[0060] The red, green, and blue sub-pixels R-SP, G-PS,
and B-SP may include red, green and blue organic light
emitting layers 113, respectively, to emit red, green, and blue
lights. Thus, a full color image of high brightness may be
achieved.

[0061] A capping layer (not shown) may be formed on the
second electrode 115. The capping layer may be made of an
organic material having a refractive index of about 1.8 or
greater, and may be made of an organic material having a
refractive index that matches a refractive index of the
organic light emitting layer 113. The capping layer may be
omitted.

[0062] The protective film 102 may be formed on the
second electrode 115 and serve to prevent or reduce external
oxygen or moisture from permeating the organic light emit-
ting layer 113 and the second electrode 115. The protective
film 102 may include at least one organic layer and at least
one inorganic layer. In FIG. 3, the protective film 102
including a first inorganic layer 102a, an organic layer 1025,
and a second inorganic layer 102¢ is shown by way of
example, but it is not limited to this example structure.
[0063] The first inorganic layer 102¢ may be formed on
the second electrode 115 to cover the second electrode 115.
The organic layer 1025 may be formed on the first inorganic
layer to prevent or reduce particles passing through the first
inorganic layer 102¢ and permeating the organic light emit-
ting layer 113 and the second electrode 115. The second
inorganic layer 102¢ may be formed on the organic layer
1025 to cover the organic layer 1025.

[0064] The first and second inorganic layers 102a and
102¢ may be made of silicon nitride, aluminum nitride,
zirconium nitride, titanium nitride, hafnium nitride, tantalum
nitride, silicon oxide, aluminum oxide, or titanium oxide.
[0065] The organic layer 1026 may be transparent to
transmit the light emitted from the organic light emitting
layer 113. The organic layer 1025 may be made of an organic
material to transmit 99% or greater of the light from the
organic light emitting layer 113.
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[0066] The organic layer 1026 may be formed to fill a
space between the banks 119 to planarize a step between the
display region EA and the non-display region NEA that is
produced by the groove 109 of the overcoat layer 108.
[0067] The organic layer 1026 may be made of an organic
material having a refractive index of about 1.8 or greater,
and may be made of an organic material having a refractive
index that matches a refractive index of the organic light
emitting layer 113. In that regard, the organic layer 1025
may include one or more of a vinyl compound, a photopo-
lymerization initiator, toluene, and 2,6-di-tert-butyl-4-meth-
vlphenol. In this case, the vinyl compound may be a phenyl
sulfide.

[0068] Accordingly, the OLED 100 according to the
example embodiment can prevent or reduce permeation of
external moisture and oxygen thereinto.

[0069] The OLED 100 according to the example embodi-
ment may further include the third electrode 200 between
the organic light emitting layer 113 and the second electrode
115 at the display region EA of each sub-pixel.

[0070] In other words, the third electrode 200 may be
located to correspond to the bottom surface 109a of the
groove 109 of the overcoat layer 108 in each sub-pixel and
thus to correspond to the first display area EA1 of each
sub-pixel.

[0071] Even though the second electrode 115 is made of a
transparent metal material, the OLED 100 can achieve a
micro cavity effect through the first display region EA1
because of the third electrode 200. Thus, a light extraction
efficiency of the OLED 100 can be improved.

[0072] Moreover, through the second display region EA2,
a light of a wave guide mode can be extracted to the outside.
Thus, the light extraction efficiency of the OLED 100 can be
further improved.

[0073] In addition, a light traveling to the non-display
region NEA can be reflected and then extracted to the
outside. Thus, the light extraction efficiency of the OLED
100 can be even further improved. Moreover, a light leakage
produced by reflection from the neighboring sub-pixels can
be minimized.

[0074] FIG. 4 is a schematic view illustrating various
example light paths guided in an OLED according to an
example embodiment of the present disclosure.

[0075]  As further illustrated in FIG. 4, the red, green, and
blue sub-pixels R-SP, G-SP, and B-SP may form one unit
pixel P (see, e.g., FIG. 3). The light emitting diode E
including the first electrode 111, the organic light emitting
layer 113, and the second electrode 115 may be located in
each sub-pixel.

[0076] Inthe overcoat layer 108, the groove 109 including
the bottom surface 109a corresponding to the first display
region EA1 and the inclined side wall 10956 may be formed.
The first electrode 111 may extend along the bottom surface
109¢ and the side wall 1095 of the groove 109, and may be
located over the entire first and second display regions EA1
and EA2.

[0077] In other words, the first electrodes 111 may be
located at the respective grooves 109 of the overcoat layer
108 in the respective sub-pixels and may be configured to be
separated from one another. The first electrode 111 may
extend and be located entirely over the first and second
display regions EA1 and EA2, without being formed on the
top surface 109¢ of the overcoat layer 108 corresponding to
the non-display region NEA.
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[0078] The bank 119 may be located along a peripheral
portion of the first electrode 111. The first bank 119« may be
located in the non-display region NEA and separate the first
electrodes 111 of neighboring sub-pixels from one another.
The second bank 1195 may cover and shield the portion of
the first electrode 111 extending along the side wall 1095 of
the groove 109.

[0079] The organic light emitting layers 113 emitting red,
green, and blue lights may be located at the red, green, and
blue sub-pixels R-SP, G-SP, and B-SP, respectively, on the
substrate having the first electrode 111 and the bank 119. The
second electrode 115 may be located on the organic light
emitting layers 113.

[0080] The organic light emitting layer 113 located at each
sub-pixel may be configured with a single layer of an
emission material. Alternatively, to increase an emission
efficiency, the organic light emitting layer 113 may be
configured with multiple layers that include, without limi-
tation, a hole injection layer, a hole transport layer, an
emission material layer, an electron transport layer, and an
electron injection layer.

[0081] The third electrode 200 may be located between the
organic light emitting layer 113 and the second electrode
115, and be located only in the first display region EAL.
[0082] The first electrode 111 may include a metal mate-
rial having a high reflectance, such as a stacked structure
with Al and Ti (e.g., Ti/AVTi), a stacked structure with Al
and ITO (e.g., ITO/AVITO), an APC (Ag/Pd/Cu) alloy, or a
stacked structure with APC alloy and ITO (e.g., ITO/APC/
ITO), to achieve a micro cavity effect.

[0083] The second electrode 115 may be made of a
transparent conductive material (TCO), such as ITO, 170, or
the like.

[0084] The third electrode 200 may be made of a semi-
transmissive conductive material, such as Mg, Ag, or an
alloy of Mg and Ag.

[0085] Accordingly, in the OLED 100 according to an
example embodiment, a micro cavity effect between the first
electrode 111 and the third electrode 200 can be configured.
[0086] A specific wavelength may be enhanced by the
micro cavity effect. Thus, a color purity and emission
efficiency of the OLED 100 can be improved.

[0087] In this regard, respective thicknesses D1, D2, and
D3 of the organic light emitting layers 113 of the blue, green,
and red sub-pixels B-SP, G-SP and R-PS may be different
from one another. In other words, to achieve micro cavity
effects suitable for the respective sub-pixels B-SP, G-SP, and
R-SP, the respective organic light emitting layers 113 of the
sub-pixels B-SP, G-SP, and R-SP may be individually con-
figured at different thicknesses D1, D2, and D3.

[0088] Since wavelengths of lights respectively from the
blue, green, and red sub-pixels B-SP, G-SP, and R-SP are
different from one another, resonance distances to achieve
micro cavity effects at the respective sub-pixels B-SP, G-SP,
and R-SP may be set according to respective wavelengths of
lights from the sub-pixels B-SP. G-SP, and R-SP.

[0089] The resonance distance may be set to a value that
is an integer multiple of a half of a wavelength of a light
from the corresponding sub-pixel. Since a red light, a green
light, and a blue light have different wavelengths, the red,
green, and blue sub-pixels R-SP, G-SP, and B-SP may
require different resonance distances.

[0090] For example, since a wavelength of the red light is
about 620 nm, a resonance distance of the red sub-pixel
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R-SP may require an integer multiple of about 310 nm (that
is 620 nm/2). Thus, the thickness D3 of the organic light
emitting layer 113 of the red sub-pixel R-PS may be set as
an integer multiple of about 310 nm.

[0091] Further, since a wavelength of the green light is
about 530 nm, a resonance distance of the green sub-pixel
G-SP may require an integer multiple of about 265 nm (that
is 530 nm/2). Thus, the thickness D2 of the organic light
emitting layer 113 of the green sub-pixel G-PS may be set
as an integer multiple of about 265 nm. In addition, since a
wavelength of the blue light is about 460 nm, a resonance
distance of the blue sub-pixel B-SP may require an integer
multiple of about 230 nm (that is 460 nm/2). Thus, the
thickness D1 of the organic light emitting layer 113 of the
blue sub-pixel B-PS may be set as an integer multiple of
about 230 nm.

[0092] As such, by employing the third electrode 200 that
is made of a semi-transmissive material and contacts the
second electrode 115 at the first display region EA1, a micro
cavity effect can be configured even when using the second
electrode 115 of a transparent metal material. Accordingly,
a light extraction efficiency and color purity of the OLED
100 can be improved.

[0093] Further, through the third electrode 200, a voltage
drop of the second electrode 115 can be prevented or
suppressed.

[0094] In this regard, the second electrode 115 made of a
transparent metal material may have a poor film quality and
a high specific resistivity. Thus, a voltage applied to the
sub-pixels may not be uniform at positions of the sub-pixels.
Rather, an IR voltage drop may cause a difference between
a voltage applied at a region close to a voltage supply
portion and a voltage applied to a region far from the voltage
supply portion. This difference may cause an unbalance of
brightness or display quality, and may further cause an
increase in power consumption.

[0095] However, in this example embodiment, the third
electrode 200 is formed in each sub-pixel and is in contact
with the second electrode 115. Thus, an IR drop by the
second electrode 115 can be mitigated or prevented.
[0096] The OLED 100 applied with the micro cavity
configuration may increase in front brightness. Thus, an
emission efficiency can be improved, and power consump-
tion and device lifetime can be improved accordingly. How-
ever, since a front brightness and a viewing angle may be in
inverse proportion to each other, an increase in the front
brightness may cause a reduction in a side brightness.
[0097] Further, for each sub-pixel of the OLED 100 with
the micro cavity, there may be a difference between a
distance traveled by a light output to the front and a distance
traveled by a light output to a side. Thus, a color shift
according to a viewing angle may occur.

[0098] In this example embodiment, a light of a wave
guide mode is extracted to the outside through the second
display region EA2. Thus a side brightness can increase, and
a color shift according to a viewing angle can be prevented
or mitigated.

[0099] In this regard, a light of a surface plasmon mode
and a light of a light guide mode may make up about 60%
to about 70% of the total light produced by the organic light
emitting layer 113. The light of the surface plasmon mode
may be produced at an interface between the organic light
emitting layer 113 and metal layers, i.e., the first and second
electrodes 111 and 115. The light of the light guide mode

Jun. 13,2019

may be produced by the organic light emitting layer 113
interposed between the two reflection layers, i.e., the first
and third electrodes 111 and 200.

[0100] In other words, about 60% to about 70% of the total
amount of light produced by the organic light emitting layer
113 may be trapped in the light emitting diode E.

[0101] In this example embodiment, the light of the wave
guide mode trapped in the light emitting diode E may be
extracted through the second display region EA2. Thus, a
light extraction efficiency at a side can be further improved.

TABLE 1
Sample 1~ Sample 2 Sample 3

Amount of light of 30% 1% 23%
surface plasmon mode (%)
Amount of light of 40% 61% 49%
wave guide mode (%)
Absorption ratio at 1~3% 1~3% 1~3%
organic light emitting layer (%)
Qutput ratio to 27% 25% 25%

outside of second electrode (%)

[0102] As shown in Table 1, Sample 1 has a configuration
of a light emitting diode of a general OLED, and in this case,
an amount of light of a surface plasmon mode is relatively
large at about 30%.

[0103] Sample 2 and Sample 3 each have a configuration
of a light emitting diode of an OLED according to an
example embodiment of the present disclosure. Samples 2
and 3 have organic light emitting layers 113 different in
thickness. In other words, in each of Samples 2 and 3, the
third electrode 200 electrically connected to the second
electrode 115 is formed at the first display region FAl
corresponding to the bottom surface 109a of the groove 109,
and the first electrode 111 extends over the second display
region EA2 corresponding to the side wall 1095 of the
groove 109.

[0104] For Samples 2 and 3, an amount of light of a
surface plasmon mode is reduced compared with Sample 1,
and an amount of light of a wave guide mode is increased
compared with the Sample 1. As such, in this example
embodiment with an increase in the amount of light of the
wave guide mode, the light of the wave guide mode is
extracted through the second display region EA2. Thus, a
light extraction efficiency at a side can be further improved.
[0105] In other words, in the OLED 100 of this example
embodiment, the third electrode 200 of a semi-transmissive
material is formed only at the first display region EAl
corresponding to the bottom surface 1094 of the groove 109
of the overcoat layer 108, and the side wall 1096 of the
groove 109 is inclined so that the second display region EA2
is further defined. A portion of the light produced by the
organic light emitting layer 113 of the first display region
EAL1 is the light of the wave guide mode trapped in the light
emitting element E. This trapped light of the wave guide
mode is reflected by the first electrode 111 at the inclined
side wall 1095 and is extracted out of the second electrode
115 through the second display region EA2.

[0106] In this regard, an amount of light extracted to the
outside through the second display region EA2 increases
compared with an amount of light of a wave guide mode of
the example OLED of Sample 1. Thus, the OLED according
to an example embodiment of this disclosure can further
improve the light extraction efficiency at a side.
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[0107] As aresult, the OLED 100 of this example embodi-
ment can achieve a micro cavity effect through the first
display region EA1 to improve the light extraction efficiency
and color purity at the front, and can also extract a light of
the wave guide mode to the outside through the second
display region EA2 to improve a brightness at a side and
further improve the light extraction efficiency accordingly.
[0108] Also, by improving a side brightness through the
second display region EA2, a color shift according to a
viewing angle can be prevented or mitigated.

[0109] Further, by forming the second display region EA2,
a light heading from the first and second display regions
EA1 and EA2 to the non-display region NEA can also be
extracted out of the second electrode 115, and a light leakage
by reflection from the neighboring sub-pixels can be pre-
vented or reduced.

[0110] Regarding the light leakage, a light of a wave guide
mode out of the light emitted from the organic light emitting
layer 113 may propagate in a wave guide mode with some
total reflections and then reach a neighboring sub pixel,
thereby causing a light leakage.

[0111] For example, a light from the organic light emitting
layer 113 of the red sub-pixel R-SP may be propagated into
the green sub-pixel G-SP. Then, a red light leakage can
happen at the green sub-pixel G-SP.

[0112] However, in the OLED 100 of this example
embodiment, the groove 109 including the side wall 1095
may be formed in the overcoat layer 108, and the first
electrode 111 may extend over the side wall 1095. Accord-
ingly, a light from the organic light emitting layer 113
reaching a neighboring sub-pixel can be prevented or
reduced.

[0113] Thus, a light leakage by reflection from neighbor-
ing sub-pixels can be minimized.

[0114] In an example case in which the third electrode 200
is formed to extend over the second display region EA2, an
emission efficiency does not increase significantly from that
of a general OLED (e.g., Sample 1), as shown below in
Table 2.

TABLE 2

Sample 1 Sample 4

R-SP G-Sp B-SP R-SP G-SP  B-SP

Emission 39.23%  7748%  3.48% 39.37% 81.57% 3.46%
efficiency
[0115] Sample 1 has a configuration of a light emitting

diode of a general OLED. Sample 4 has a configuration of
a light emitting diode of an OLED where the third electrode
200 extends over the second display region EA2. Sample 4
merely has about 5% increase of an emission efficiency of
the green sub-pixel G-SP compared with the sample 1, and
is approximately equal in overall emission efliciency to the
sample 1.

[0116] This is because, even though the first and second
display regions EA1 and EA2 are defined by the groove 109,
a light of a wave guide mode may still exist in the second
display region EA2 due to a high reflectance of the third
electrode 200 of a semi-transmissive material.

[0117] Further, in an example case in which the bank 119
does not cover the first electrode 111 on the second display
region EA2, a light may be produced at the second display
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region EA2 by a voltage difference between the first and
second electrodes 111 and 115. If this happens, little to no
light may be produced at the first display region EA1 such
that an emission efficiency may be further reduced.
[0118] In other words, since the organic light emitting
layer 113 of the second display region EA2 is formed at the
inclined side wall 1095 of the groove 109, the organic light
emitting layer 113 at the side wall 10956 may have a
thickness smaller than that of the organic light emitting layer
113 at the bottom surface 109a.
[0119] Accordingly, in an example case where voltages
are applied to the first and second electrodes at both of the
first and second display regions EA1 and EA2, an electric
field may be mostly concentrated on the organic light
emitting layer 113 of the smaller thickness located at the
second display region EA2 to form an exciton. Thus, most
of the light may be produced from the second display region
EA2.
[0120] Thus, in order to prevent or suppress a light being
produced at the second display region EA2, the bank 119
may cover the first electrode 111 at the second display region
EA2 to insulate the first electrode 111 there.
[0121] As described above, in the OLED of this example
embodiment, the groove 109 may be formed in the overcoat
layer 108 and may include the bottom surface 1094 and the
inclined side wall 1095, the first electrode 111 may be
formed to correspond to the groove 109, and the third
electrode 200 made of a semi-transmissive material may be
formed at the first display region EA1 corresponding to the
bottom surface 109a of the groove 109 and be electrically
connected to the transparent second electrode 115.
[0122] Therefore, a micro cavity effect can be achieved
through the first display region EA1 to improve the light
extraction efficiency and color purity at the front. Further, a
light of a wave guide mode can be extracted to the outside
through the second display region EA2 corresponding to the
side wall 1095 of the groove 109 to improve the brightness
at a side and thus further improve the light extraction
efficiency.
[0123] Accordingly, a color shift according to a viewing
angle can be prevented or mitigated, and a voltage drop of
the second electrode 115 can be prevented or suppressed by
the third electrode 200.
[0124] Further, a light leakage by reflection from a neigh-
boring sub-pixel can be prevented or mitigated.
[0125] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
OLED of the present disclosure without departing from the
technical idea or scope of the disclosure. Thus, it is intended
that the present disclosure cover the modifications and
variations of this disclosure provided they come within the
scope of the appended claims and their equivalents.
What is claimed is:
1. An organic light emitting diode display, comprising:
a substrate including a plurality of sub-pixels, each sub-
pixel comprising a display area and a non-display area
surrounding the display area, the display area compris-
ing a first display area at a center region of the display
area and a second display area surrounding the first
display area;
a first electrode formed in the display area;
an organic light emitting layer formed on the first elec-
trode and extending to the non-display area;
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a third electrode formed on a portion of the organic light

emitting layer in the first display area; and

a second electrode formed on the third electrode and the

organic light emitting layer,

wherein the first and third electrodes are able to achieve

a micro cavity effect.

2. The organic light emitting diode display according to
claim 1, further comprising:

an overcoat layer formed between the substrate and the

first electrode and including a top surface and a groove
corresponding to the display area, wherein the groove
includes a bottom surface corresponding to the first
display area and a side wall of the groove correspond-
ing to the second display area; and

abank formed on the top surface of the overcoat layer and

a portion of the first electrode formed on the side wall
of the groove,

wherein the organic light emitting layer is formed on the

bank and the first electrode.

3. The organic light emitting diode display according to
claim 1, wherein the first electrode is made of a metal
material having a high reflectance, the second electrode is
made of a transparent conductive material, and the third
electrode is made of a semi-transmissive conductive mate-
rial.

4. The organic light emitting diode display according to
claim 3, wherein the first electrode has a stacked structure
with Al and Ti, a stacked structure with Al and ITO, a
stacked structure with Ag, Pd and Cu alloy, or a stacked
structure with Ag, Pd and Cu alloy and ITO, the second
electrode 1s made of ITO or 170, and the third electrode is
made of Mg, Ag, or an alloy of Mg and Ag.

5. The organic light emitting diode display according to
claim 1, wherein the plurality of sub-pixels includes a red
sub-pixel, a green sub-pixel and a blue sub-pixel,
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wherein a depth of the organic light emitting layer of the
red sub-pixel is an integral multiple of a half of the
wavelength of red light, a depth of the organic light
emitting layer of the greed sub-pixel is an integral
multiple of a half of the wavelength of green light, and
a depth of the organic light emitting layer of the blue
sub-pixel is an integral multiple of a half of the wave-
length of blue light.

6. The organic light emitting diode display according to
claim 2, wherein the bank is made of a transparent insulating
material having a refractive index of 1.5.

7. The organic light emitting diode display according to
claim 2, wherein an inclined angle of the side wall of the
groove is in a range of 10 degrees to 80 degrees.

8. The organic light emitting diode display according to
claim 1, wherein each pixel includes a driving TFT, wherein
the driving TFT comprises: a semiconductor layer including
a source region, a drain region and an active region between
the source region and the drain region; a gate insulating layer
formed on the semiconductor layer; a gate electrode formed
on a portion of the gate insulating layer corresponding to the
active layer; and source and drain electrodes respectively
formed on the source and drain regions, wherein the drain
electrode is connected to the first electrode.

9. The organic light emitting diode display according to
claim 1, further comprising:

a protective film formed on the second electrode to cover
the second electrode.

10. The organic light emitting diode display according to
claim 1, wherein the organic light emitting diode display is
atop emission type display or bottom emission type display.
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