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(7) ABSTRACT

An OLED apparatus that may include a reflection-anode, a
transparent-cathode, and a plurality of stacks between the
reflection-anode and the transparent-cathode, wherein,
among the plurality of stacks, a thickness of the stack
disposed relatively close to the transparent-cathode is larger
than a thickness of the stack disposed relatively close to the
reflection-anode so that it is possible to optimize a micro-
cavity of light emitted from the plurality of stacks, thereby
improving a light-emission efficiency and a color reproduc-

HOIL 51/50 (2006.01) tion ratio and reducing a color change rate in accordance
HOIL 51/52 (2006.01) with a viewing angle.
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ORGANIC LIGHT EMITTING DISPLAY
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0132531, filed on Sep. 18,
2015, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND
[0002] Field of the Disclosure
[0003] Embodiments of the present disclosure relate to an

organic light emitting display apparatus (OLED apparatus),
and more particularly, to a top emission type organic light
emitting display apparatus (OLED apparatus) which is
capable of realizing high emission efficiency, good color
reproduction ratio, and improved color change rate by
optimizing a thickness ratio in a plurality of stacks between
two electrodes.

[0004] Discussion of the Related Art

[0005] An organic light emitting display apparatus (OLED
apparatus) is a next generation display apparatus having
self-luminance properties. In more detail, the OLED appa-
ratus is a display apparatus capable of displaying an image
by producing excitons through a recombination of holes and
electrons, which are injected from an anode and cathode, in
a light emitting layer, and generating light with a specific
wavelength by an energy emission of the produced excitons.
[0006] Unlike a liquid crystal display apparatus (LCD
apparatus), the OLED apparatus does not require an addi-
tional light source. Thus, the OLED apparatus has a light
weight and thin profile. In comparison to the LCD apparatus,
the OLED apparatus has various advantages of a wide
viewing angle, good contrast ratio, rapid response time and
low power consumption, and the OLED apparatus has
attracted attention as the next generation display apparatus.

SUMMARY

[0007] According to an embodiment, an OLED apparatus
may have a patterned emission layer structure or a common
emission layer structure.

[0008] In case of the OLED apparatus having the pat-
terned emission layer structure, emission layers for emitting
different colored light, for example, red, blue, and green
emission layers are disposed between two electrodes, and
are separately provided every pixel, wherein different mono-
chromatic light is emitted from each pixel. The separated
emission layers may be patterned and deposited by the use
of a fine patterning mask whose opening is provided every
pixel, for example, a fine metal mask (FMM).

[0009] 1In case of the OLED apparatus having the common
emission layer structure, a plurality of stacks for emitting
white light are provided between two electrodes. Also, the
plurality of stacks are connected or extended from one pixel
to the neighboring pixel without disconnection, whereby the
plurality of pixels are shared and white light is emitted from
all pixels.

[0010] The OLED apparatus having the common emission
layer structure may be formed by the use of common mask
with open areas corresponding to all pixels, whereby all
pixels may be formed in the same structure. Thus, in case of
the OLED apparatus having the common emission layer
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structure, it is more appropriate for a large-sized product, in
comparison to the OLED apparatus having the patterned
emission layer structure. Also, the OLED apparatus having
the common emission layer structure enables a simplified
process, to thereby improve manufacturing yield.

[0011] In the OLED apparatus having the common ermnis-
sion layer structure, each of the plurality of stacks includes
at least one emission layer. In this case, light emitted from
each emission layer of each stack is mixed together, and
white light is emitted through any one of the two electrodes.
At this time, a micro-cavity of the light emitted from the
emission layer disposed between the two electrodes may be
optimized by a position or thickness of each of the plurality
of stacks disposed between the two electrodes. Herein, the
micro-cavity indicates that light-emission efliciency is
improved by amplification and constructive interference of
the light with a specific wavelength through repetitive
reflection and re-reflection of the light emitted from the
emission layer between the two electrodes.

[0012] Meanwhile, according to a direction of light, the
OLED apparatus may be generally classified into a top
emission type and a bottom emission type. In case of the
bottom emission type, light emitted from the emission layer
passes through the anode among the two electrodes, that is,
light is emitted through a lower substrate with a thin film
transistor. In case of the top emission type, light emitted
from the emission layer passes through the cathode of the
two electrodes, that is, light is emitted in an opposite
direction to the lower substrate with the thin film transistor.

[0013] A structure of the two electrodes, that is, the anode
and cathode in the OLED apparatus may be changed in
accordance with the direction of light. In case of the top
emission type OLED apparatus, light emitted from the
emission layer is emitted to an upper direction through the
cathode, whereby the anode has a structure with the reflec-
tion properties so as to prevent a light leakage in a lower
direction, and the cathode has a structure with the transpar-
ent properties for a smooth light transmission. Meanwhile,
in case of the bottom emission type OLED apparatus, light
emitted from the emission layer is emitted to a lower
direction through the anode, whereby the anode has a
structure with the transparent properties for a smooth light
transmission, and the cathode has a structure with the
reflection properties so as to prevent a light leakage in an
upper direction.

[0014] The aforementioned micro-cavity, which might
occur between the two electrodes, may be influenced by the
structure of each of the two electrodes as well as the position
or thickness of each of the plurality of stacks disposed
between the two electrodes. That is, the position of electrode
with the reflection properties is changed in accordance with
the light emission type of the OLED apparatus. Thus, in
order to optimize the micro-cavity between the two elec-
trodes, the position or thickness of each of the plurality of
stacks disposed between the two electrodes has to be
changed in accordance with the position of electrode with
the reflection properties.

[0015] Inventors of the present disclosure propose a top
emission type OLED apparatus which is capable of realizing
improved emission efliciency and color reproduction ratio,
and reducing a color change rate by optimizing a thickness
of each of a plurality of stacks disposed between two
electrodes through various experiments.
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[0016] To achieve these and other advantages and in
accordance with the purpose of embodiments of the disclo-
sure, as embodied and broadly described herein, there is
provided a top emission type OLED apparatus which is
capable of realizing improved emission efficiency and color
reproduction ratio, and reducing a color change rate by
optimizing a thickness in each of the plurality of stacks
disposed between the two electrodes, or a thickness ratio in
the plurality of stacks disposed between the two electrodes.

[0017] It is to be understood that both the foregoing
general description and the following detailed description of
embodiments of the present disclosure are exemplary and
explanatory and are intended to provide further explanation
of the disclosure as claimed.

[0018] According to one embodiment of the present dis-
closure, an OLED apparatus may comprise a reflection-
anode; a transparent-cathode; and a plurality of stacks
disposed between the reflection-anode and the transparent-
cathode, wherein, among the plurality of stacks, a thickness
of the stack disposed relatively close to the transparent-
cathode is larger than a thickness of the stack disposed
relatively close to the reflection-anode. Accordingly, it is
possible to optimize a micro-cavity of light emitted from the
plurality of stacks, thereby improving light-emission effi-
ciency and a color reproduction ratio and reducing a color
change rate in accordance with a viewing angle.

[0019] In the OLED apparatus according to one embodi-
ment of the present disclosure, the plurality of stacks include
a first stack disposed on the reflection-anode; a first charge
generation layer disposed on the first stack, wherein the first
charge generation layer includes a first N-type charge gen-
eration layer, and a first P-type charge generation layer; a
second stack disposed on the first charge generation layer; a
second charge generation layer disposed on the second
stack, wherein the second charge generation layer includes
a second N-type charge generation layer, and a second
P-type charge generation layer; and a third stack disposed on
the second charge generation layer, wherein, when ‘T1’
indicates a distance from an upper surface of the reflection-
anode to the interface between the first N-type charge
generation layer and the first P-type charge generation layer,
‘T2’ indicates a distance from the interface between the first
N-type charge generation layer and the first P-type charge
generation layer to the interface between the second N-type
charge generation layer and the second P-type charge gen-
eration layer, and ‘T3’ indicates a distance from the interface
between the second N-type charge generation layer and the
second P-type charge generation layer to an upper surface of
the transparent-cathode, the above “T1’, “T2°, and ‘T3’
satisfy the following Equation 1,

3>72>11 [Equation 1]
[0020] In the OLED apparatus according to one embodi-
ment of the present disclosure, assuming that the total
thickness of T1, T2, and T3 is 100%, T1 is within a range
from 10% to 20%, T2 is within a range from 30% to 40%,
and T3 is within a range from 45% to 60%.

[0021] In the OLED apparatus according to one embodi-
ment of the present disclosure, each of the first stack and the
third stack includes at least one organic layer having light-
emitting dopant for emitting blue light, and the second stack
includes at least one organic layer having light-emitting
dopant for emitting yellow-green light.
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[0022] 1In the OLED apparatus according to one embodi-
ment of the present disclosure, each of the second stack and
the third stack includes at least one organic layer having
light-emitting dopant for emitting blue light, and the first
stack includes at least one organic layer having light-
emitting dopant for emitting yellow-green light.

[0023] According to another embodiment of the present
disclosure, an OLED apparatus may comprise a reflection-
anode, a transparent-cathode, and a plurality of stacks dis-
posed between the reflection-anode and the transparent-
cathode, wherein light is emitted from the plurality of stacks,
and is emitted through the transparent-cathode, wherein a
thickness ratio in the plurality of stacks is adjusted so as to
obtain a color reproduction ratio of 99% or more than 99%
and simultaneously to obtain Au'v' value of 0.05 or less than
0.05 within a range of a viewing angle from 0° to 60°.
Accordingly, it is possible to improve light-emission effi-
ciency and a color reproduction ratio, and to reduce a color
change ratio in accordance with a viewing angle.

[0024] In the OLED apparatus according to another
embodiment of the present disclosure, the plurality of stacks
include a first stack; and a second stack disposed between
the first stack and the transparent-cathode, wherein a thick-
ness of the second stack is larger than a thickness of the first
stack.

[0025] In the OLED apparatus according to another
embodiment of the present disclosure, the plurality of stacks
further include an N-type charge generation layer and a
P-type charge generation layer between the first stack and
the second stack, a thickness of the first stack is a distance
from an upper surface of the reflection-anode to the interface
between the N-type charge generation layer and the P-type
charge generation layer, and a thickness of the second stack
is a distance from the interface between the N-type charge
generation layer and the P-type charge generation layer to an
upper surface of the transparent-cathode.

[0026] In the OLED apparatus according to another
embodiment of the present disclosure, assuming that the
total thickness of the first stack and the second stack is
100%, the thickness of the first stack is within a range from
15% to 35%, and the thickness of the second stack is within
a range from 65% to 85%.

[0027] In the OLED apparatus according to another
embodiment of the present disclosure, the first stack
includes at least one organic layer having light-emitting
dopant for emitting blue light, and the second stack includes
at least one organic layer having light-emitting dopant for
emitting yellow-green light.

[0028] In the OLED apparatus according to another
embodiment of the present disclosure, the plurality of stacks
include a first stack disposed closest to the reflection-anode;
a third stack disposed closest to the transparent-cathode; and
a second stack disposed between the first stack and the third
stack, wherein a thickness of the third stack is larger than a
thickness of the first stack and a thickness of the second
stack, and the thickness of the second stack is larger than the
thickness of the first stack.

[0029] In the OLED apparatus according to another
embodiment of the present disclosure, the plurality of stacks
further include a first charge generation layer disposed
between the first stack and the second stack, wherein the first
charge generation layer includes a first N-type charge gen-
eration layer and a first P-type charge generation layer; and
a second charge generation layer disposed between the
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second stack and the third stack, wherein the second charge
generation layer includes a second N-type charge generation
layer and a second P-type charge generation layer, wherein
a thickness of the first stack corresponds to a distance from
an upper surface of the reflection-anode to the interface
between the first N-type charge generation layer and the first
P-type charge generation layer, a thickness of the second
stack corresponds to a distance from the interface between
the first N-type charge generation layer and the first P-type
charge generation layer to the interface between the second
N-type charge generation layer and the second P-type charge
generation layer, and a thickness of the third stack corre-
sponds to a distance from the interface between the second
N-type charge generation layer and the second P-type charge
generation layer to an upper surface of the transparent-
cathode.

[0030] In the OLED apparatus according to another
embodiment of the present disclosure, assuming that the
total thickness of the thickness of the first stack, the thick-
ness of the second stack, and the thickness of the third stack
is 100%, the thickness of the first stack is within a range
from 10% to 20%, the thickness of the second stack is within
a range from 30% to 40%, and the thickness of the third
stack is within a range from 45% to 60%.

[0031] In the OLED apparatus according to another
embodiment of the present disclosure, each of the first stack
and the third stack includes at least one organic layer having
light-emitting dopant for emitting blue light, and the second
stack includes at least one organic layer having light-
emitting dopant for emitting yellow-green light.

[0032] In the OLED apparatus according to another
embodiment of the present disclosure, each of the second
stack and the third stack includes at least one organic layer
having light-emitting dopant for emitting blue light, and the
first stack includes at least one organic layer having light-
emitting dopant for emitting yellow-green light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, which are included
to provide a further understanding of embodiments of the
disclosure and are incorporated in and constitute a part of
this application, illustrate embodiment(s) of the disclosure
and together with the description serve to explain the
principle of embodiments of the disclosure. In the drawings:

[0034] FIG. 1 is a cross sectional view illustrating an
OLED apparatus according to the first embodiment of the
present disclosure;

[0035] FIG. 2 is a cross sectional view illustrating main
components of the OLED apparatus according to the first
embodiment of the present disclosure;

[0036] FIG. 3 is a table showing a light-emission effi-
ciency in the OLED apparatus according to the first embodi-
ment of the present disclosure and OLED apparatuses
according to comparative examples;

[0037] FIG. 4Ais a graph showing a color change rate in
the OLED apparatus according to the first embodiment of
the present disclosure and OLED apparatuses according to
comparative examples;

[0038] FIG. 4B is a graph showing a color reproduction
ratio in the OLED apparatus according to the first embodi-
ment of the present disclosure and OLED apparatuses
according to comparative examples;
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[0039] FIG. 5 is a cross sectional view illustrating main
components of an OLED apparatus according to the second
embodiment of the present disclosure;

[0040] FIG. 6 is a table showing a light-emission effi-
ciency in the OLED apparatus according to the second
embodiment of the present disclosure and OLED appara-
tuses according to comparative examples;

[0041] FIG. 7A is a graph showing a color change rate in
the OLED apparatus according to the second embodiment of
the present disclosure and OLED apparatuses according to
comparative examples; and

[0042] FIG. 7B is a graph showing a color reproduction
ratio in the OLED apparatus according to the second
embodiment of the present disclosure and OLED appara-
tuses according to comparative examples.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0043] Reference will now be made in detail to the exem-
plary embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
Advantages and features of the present disclosure, and
implementation methods thereof will be clarified through
following embodiments described with reference to the
accompanying drawings. The present disclosure may, how-
ever, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the present disclosure to those skilled in the art.
Further, the present disclosure is only defined by scopes of
claims.

[0044] A shape, a size, a ratio, an angle, and a number
disclosed in the drawings for describing embodiments of the
present disclosure are merely an example, and thus, the
present disclosure is not limited to the illustrated details.
Like reference numerals refer to like elements throughout. In
the following description, when the detailed description of
the relevant known function or configuration is determined
to unnecessarily obscure the important point of the present
disclosure, the detailed description will be omitted.

[0045] In a case where ‘comprise’, ‘have’, and ‘include’
described in the present specification are used. another part
may be added unless ‘only~’ is used. The terms of a single
form may include plural forms unless referred to the con-
trary.

[0046] In construing an element, the element is construed
as including an error range although there is no explicit
description.

[0047] In description of embodiments of the present dis-
closure, when a structure (for example, an electrode, a line,
a wiring, a layer, or a contact) is described as being formed
at an upper portion/lower portion of another structure or
on/under the other structure, this description should be
construed as including a case where the structures contact
each other and moreover, a case where a third structure is
disposed therebetween.

[0048] In describing a time relationship, for example,
when the temporal order is described as ‘after~’, ‘subse-
quent~’, ‘next~’, and ‘before~’, a case which is not con-
tinuous may be included unless ‘just’ or ‘direct’ is used.
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[0049] Tt will be understood that, although the terms
“first”, “second”, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

[0050] For convenience of explanation, a size and thick-
ness of each element may show as exemplary in the draw-
ings, but not limited to the shown size and thickness.
[0051] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-operated
with each other and driven technically as those skilled in the
art can sufficiently understand. The embodiments of the
present disclosure may be carried out independently from
each other, or may be carried out together in co-dependent
relationship.

[0052] Hereinafter, an organic light emitting display appa-
ratus (OLED apparatus) according to embodiments of the
present disclosure will be described in detail with reference
to the accompanying drawings.

[0053] FIG. 1 is a cross sectional view illustrating an
OLED apparatus 1000 according to one embodiment of the
present disclosure.

[0054] Referring to FIG. 1, the OLED apparatus 1000 may
include a substrate 100, a thin film transistor 300, and a
light-emitting device (ED).

[0055] The OLED apparatus 1000 may include a plurality
of pixels (P). The pixel (P) indicates a minimum unit for
emitting light, which can also be referred to as a sub-pixel
or a pixel region. Also, the plurality of pixels (P) may
constitute one group for expressing white light. For
example, three pixels (sub-pixels) including a red pixel
(sub-pixel), a green pixel (sub-pixel), and a blue pixel
(sub-pixel) may constitute one group, or four pixels (sub-
pixels) including a red pixel (sub-pixel), a green pixel
(sub-pixel), a blue pixel (sub-pixel), and a white pixel
(sub-pixel) may constitute one group. However, it is not
limited to this structure, that is, various pixel or sub-pixel
designs are possible. For convenience of explanation, FIG.
1 shows only one pixel (P).

[0056] The thin film transistor 300 is disposed on the
substrate 100, and the thin film transistor 300 supplies
various signals to the light-emitting device (ED). The thin
film transistor 300 shown in FIG. 1 may be a driving thin
film transistor connected with an anode 400 of the light-
emitting device (ED). A switching thin film transistor or a
capacitor for driving the light-emitting device (ED) may be
additionally disposed on the substrate 100.

[0057] The substrate 100 is formed of an insulating mate-
rial. For example, the substrate 100 may be formed of a
glass, or a flexible film of a polyimide-based material.
[0058] The thin film transistor 300 may include a gate
electrode 310, an active layer 320, a source electrode 330,
and a drain electrode 340. Referring to FIG. 1, the gate
electrode 310 is disposed on the substrate 100, and a gate
insulating layer 210 covers the gate electrode 310. Also, the
active layer 320 is disposed on the gate insulating layer 210,
and is overlapped with the gate electrode 310. The source
electrode 330 and the drain electrode 340 are disposed on the
active layer 320, and the source electrode 330 and the drain
electrode 340 are spaced apart from each other.
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[0059] 1In description of embodiments of the present dis-
closure, if two elements are overlapped with each other, the
two elements may be at least partially overlapped with each
other regardless of another element interposed in-between,
and they may be referred to as various names.

[0060] The gate electrode 310, the source electrode 330,
and the drain electrode 340 are formed of a conductive
material, for example, molybdenum (Mo), aluminum (Al),
chrome (Cr), gold (Au), titanium (Ti), nickel (Ni), neo-
dymium (Nd), cupper (Cu), and their alloys, but is not
limited to these materials.

[0061] The active layer 320 may be formed of any one
among amorphous silicon (a-Si), polycrystalline silicon
(poly-Si), oxide, and organic materials, but is not limited to
these materials.

[0062] The gate insulating layer 210 may be formed in a
single layer structure or multi-layered structure of inorganic
material, for example, silicon oxide (SiOx), silicon nitride
(SiNx), and etc.

[0063] FIG. 1 shows the thin film transistor 300 having a
staggered structure, but is not limited to this structure. The
thin film transistor 300 may have a coplanar structure
instead of the staggered structure.

[0064] Then, a planarization layer 220 for exposing a
predetermined portion of the source electrode 330 is dis-
posed on the thin film transistor 300. The planarization layer
220 may have a single layered structure or multi-layered
structure, and the planarization layer 220 may be formed of
an organic material. For example, the planarization layer
220 may be formed of polyimide, acryl, and etc.

[0065] A passivation layer may be additionally provided
between the planarization layer 220 and the thin film tran-
sistor 300. The passivation layer is formed of an inorganic
material. The passivation layer protects the thin film tran-
sistor 300. Like the planarization layer 220, the passivation
layer may expose a predetermined portion of the source
electrode 330.

[0066] The light-emitting device (ED) is disposed on the
planarization layer 220, and the light-emitting device (ED)
includes an anode 400, a light-emitting unit 500, and a
cathode 600. The anode 400 of the light-emitting device
(ED) is connected with the source electrode 330 of the thin
film transistor 300, and various signals are supplied to the
anode 400 of the light-emitting device (ED) through the thin
film transistor 300. The anode 400 may be connected with
the drain electrode 340 of the thin film transistor 300
according to the kind of the thin film transistor 300 Accord-
ing to the kind of the thin film transistor 300.

[0067] The OLED apparatus 1000 of FIG. 1 is a top
emission type, wherein light (L) emitted from the light-
emitting unit 500 may emit to an upper direction through the
cathode 600. In case of the OLED apparatus 1000 of the top
emission type, the light (L) emitted from the light-emitting
unit 500 does not emit to a lower direction (or a direction
passing through the substrate 100), so that it is possible to
provide the thin film transistor 300 disposed between the
light-emitting device (ED) and the substrate 100, and over-
lapped with the light-emitting device (ED). Accordingly, an
aperture ratio of the top emission type OLED apparatus
1000 may be improved in comparison to an aperture ratio of
a bottom emission type OLED apparatus so that it facilitates
a high resolution in the OLED apparatus 1000.

[0068] A bank 230 is provided to divide the pixel (P), and
the bank 230 covers an end of the anode 400. Referring to
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FIG. 1, the bank 230 exposes a predetermined portion of an
upper surface of the anode 400. The bank 230 may be
formed of an organic material, for example, any one among
polyimide and photoacryl, but is not limited to these mate-
rials.

[0069] Ifwhite light (L) is emitted from the light-emitting
unit 500 of the OLED apparatus 1000, the white light (L)
emitted from the light-emitting unit 500 passes through a
color filter disposed by each pixel (P), and it results in a
corresponding pixel (P). For example, if the white light (L)
emitted from the light-emitting unit 500 passes through a red
color filter, it results in emissions from a red pixel. If the
white light (L) emitted from the light-emitting unit 500
passes through a blue color filter, it results in emissions from
a blue pixel. If the white light (L) emitted from the light-
emitting unit 500 passes through a green filter, it results in
emissions from a green pixel.

[0070] FIG. 2 is a cross sectional view illustrating main
components of the OLED apparatus 1000 according to one
embodiment of the present disclosure, which is a cross
sectional view for explaining a stack structure of the plu-
rality of light-emitting devices (ED) of the OLED apparatus
1000 shown in FIG. 1.

[0071] Referring to FIG. 2, each of the plurality of light-
emitting devices (ED) included in the OLED apparatus 1000
includes the anode 400, the cathode 600, and the light-
emitting unit 500 disposed between the anode 400 and the
cathode 600. The light-emitting unit 500 indicates all layers
disposed between the anode 400 and the cathode 600, or a
stacked structure of all layers disposed between the anode
400 and the cathode 600.

[0072] The light-emitting unit 500 of the OLED apparatus
1000 according to the first embodiment of the present
disclosure includes a plurality of stacks, and a plurality of
charge generation layers 540 and 550. In detail, as shown in
FIG. 2, the light-emitting unit 500 may be formed in a
sequential stacked structure of a first stack 510 including a
first emission layer 510E, a first charge generation layer 540
including a first N-type charge generation layer 540N and a
first P-type charge generation layer 540P, a second stack 520
including a second emission layer 520E, a second charge
generation layer 550 including a second N-type charge
generation layer 550N and a second P-type charge genera-
tion layer 550P, and a third stack 530 including a third
emission layer 530E.

[0073] The light-emitting unit 500 of the OLED apparatus
1000 according to one embodiment of the present disclosure
shown in FIG. 2 has a common emission layer structure,
wherein the light-emitting unit 500 emits the white light (L).
The light-emitting unit 500 with the common emission layer
structure may be formed by the use of a common mask with
open areas corresponding to all pixels (P). The light-emitting
unit 500 may be deposited in the same structure for all pixels
(P) without an individual pattern every pixel (P). That is, the
light-emitting unit 500 is connected or disposed without
disconnection from one pixel (P) to the neighboring pixel
(P) so that the light-emitting unit 500 is shared by the
plurality of pixels (P). Also, the respective light emitted
from the plurality of stacks 510, 520, and 530 of the
light-emitting unit 500 may be mixed together, whereby the
white light (L) may be emitted through the cathode 600.

[0074] The anode 400 is separately disposed in each pixel
(P). The anode 400 is an electrode for supplying or trans-
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mitting a hole to the light-emitting unit 500, and the anode
400 is connected with the source or drain electrode of the
thin film transistor.

[0075] The anode 400 is configured to have a structure
with reflective properties for smoothly reflecting the light
(L) emitted from the light-emitting unit 500 to an upper
direction (or a direction passing through the cathode 600).
[0076] For example, as shown in FIG. 2, the anode 400
may be formed in a dual-layered structure of a reflection
layer 410 and a transparent layer 420. The transparent layer
420 supplies or transmits the holes to the light-emitting unit
500, and the reflection layer 410 reflects the light (L) emitted
from the light-emitting unit 500, wherein the reflection layer
410 is disposed under the transparent layer 420. In this case,
the reflection layer 410 may be referred to as a reflection-
anode. The transparent layer 420 may be formed of TCO
(transparent conductive oxide) material such as ITO (indium
tin oxide) or 1ZO (indium zinc oxide), and the reflection
layer 410 may be formed of a metal material such as copper
(Cu), silver (Ag), and palladium (Pd).

[0077] The anode 400 may be formed of a single layered
structure or three-layered structure of a material(s) or struc-
ture(s) having the properties for supplying or transmitting
the holes to the light-emitting unit 500 and reflecting the
light (L) emitted from the light-emitting unit 500. For
example, the anode 400 may be formed in a three-layered
structure including a transparent layer, a reflection layer, and
another transparent layer deposited in sequence. In this case,
the reflection layer disposed between the two transparent
layers may be referred to as a reflection-anode. Also, if the
anode 400 is formed of the single layered structure having
the reflection properties, the single anode 400 may be
referred to as a reflection-anode.

[0078] The cathode 600 is disposed on the light-emitting
unit 500, wherein the cathode 600 is an electrode for
supplying or transmitting electrons to the light-emitting unit
500. The cathode 600 may have transparent properties to
pass the light (L) emitted from the light-emitting unit 500
therethrough, and the cathode 600 may be formed in a
single-layered structure or a multi-layered structure. The
cathode 600 may be referred to as a transparent-cathode. The
cathode 600 may be formed of a metal material layer having
a small thickness, for example, silver (Ag), magnesium
(Mg), silver-magnesium (Ag—Mg), and etc. Also, the cath-
ode 600 may be formed of TCO (transparent conductive
oxide) material such as ITO (indium tin oxide) or 1ZO
(indium zinc oxide).

[0079] The light-emitting unit 500 disposed between the
anode 400 and the cathode 600 includes the plurality of
stacks 510, 520, and 530, and the first and second charge
generation layers 540 and 550 disposed each of the stacks.
[0080] The first stack 510 is disposed on the anode 400.
Among the plurality of stacks 510, 520, and 530, the first
stack 510 is relatively close to the anode 400.

[0081] The first stack 510 may include at least one organic
layer having light-emitting dopant for emitting blue light or
yellow-green light. For example, as shown in FIG. 2, the first
stack 510 may include the first emission layer S10E having
light-emitting dopant for emitting blue light or yellow-green
light.

[0082] The first emission layer 510E may be formed in a
single-layered or multi-layered structure including the light-
emitting dopant for emitting blue light or yellow-green light.
In detail, the first emission layer 510E may include at least
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one host and at least one light-emitting dopant for emitting
blue light or yellow-green light. The first emission layer
510E may include a mixed host having two hosts mixed
together, and at least one light-emitting dopant for emitting
blue light or yellow-green light. The mixed host may include
a host having hole transporting properties, and a host having
an electron transporting properties.

[0083] For example, the light-emitting dopant for emitting
blue light may be formed of a pyrene-based compound
replaced by an arylamine-based compound, but is not lim-
ited to this material.

[0084] For example, the light-emitting dopant for emitting
yellow-green light may be formed of an iridium-based
compound, but is not limited to this material.

[0085] The first stack 510 may further include at least one
among a hole injecting layer (HIL), a hole transporting layer
(HTL), an electron transporting layer (ETL), an electron
injecting layer (EIL), a hole blocking layer (HBL), an
electron blocking layer (EBL), and an auxiliary emission
layer. The following description shall be based on each layer
being distinct, at least one functionality can be implemented
in another layer, such that certain layers may serve multi-
functional purposes.

[0086] The hole injecting layer (HIL) enables a smooth
injection of the hole from the anode 400. For example, the
hole injecting layer (HIL) may be formed of MTDATA(4,
4' 4"-tris(3-methylphenylphenylamino )triphenylamine),
CuPc(copper phthalocyanine), PEDOT/PSS(poly(3,4-ethyl-
enedioxythiphene, polystyrene sulfonate), and etc., but is not
limited to these materials.

[0087] The hole transporting layer (HTL) enables a
smooth transfer of holes, which are supplied or transmitted
from the anode 400, to the first emission layer 510E. For
example, the hole transporting layer (HTL) may be formed
of NPD(N,N'-bis(naphthalene-1-y1)-N,N'-bis(phenyl)-2,2'-
dimethylbenzidine), TPD(N,N'-bis-(3-methylphenyl)-N,N'-
bis-(phenyl)-benzidine), Spiro-TAD(2,2"7,7'tetrakis(N,N-di-
phenylamino)-9,9'-spirofluorene), and etc., but is not limited
to these materials.

[0088] The electron transporting layer (ETL) enables a
smooth transfer of electrons, which are supplied or trans-
mitted from the first charge generation layer 540 or the
cathode 600, to the first emission layer 510E. For example,
the electron transporting layer (ETL) may be formed of
PBD(2-(4-biphenyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiaz-
ole), TAZ(3-(4-biphenyl)-4-phenyl-5-tertbutylphenyl-1,2,4-
triazole), Liq(8-hydroxyquinolinolato-lithium), BAlq(Bis
(2-methyl-8-quinolinolate)-4-(phenylphenolato)aluminum),
TPBi(2,2',2'-(1,3,5-benzinetriyl)-tris(1-phenyl-1-H-benz-
imidazole), and etc., but is not limited to these materials.
[0089] The electron injecting layer (E1L) enables a smooth
injection of electrons from the first charge generation layer
540 or the cathode 600.

[0090] The hole blocking layer (HBL) prevents the holes
injected into the first emission layer 510E from being
diffused and getting out of the first emission layer 510E. The
electron transporting layer (ETL) and the hole blocking
layer (HBL) may be formed as one layer.

[0091] The electron blocking layer (EBL) prevents the
electron injected into the first emission layer 510E from
being diffused and getting out of the first emission layer
510E. The hole transporting layer (HTL) and the electron
blocking layer (EBL) may be formed as one layer.
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[0092] The auxiliary emission layer of the first stack 510
may include light-emitting dopant for emitting light whose
color is different from that of the light emitted from the first
emission layer S10E.

[0093] Forexample, if the first emission layer 510E of the
first stack 510 includes light-emitting dopant for emitting
blue light, the auxiliary emission layer of the first stack 510
may include light-emitting dopant for emitting yellow-green
light or red light. If the first emission layer 510E of the first
stack 510 includes light-emitting dopant for emitting yel-
low-green light, the auxiliary emission layer of the first stack
510 may include light-emitting dopant for emitting green
light or red light. Thus if the auxiliary emission layer is
additionally provided in the first stack 510, it is possible to
improve light-emission efficiency of red or green color.
[0094] If the first stack 510 includes the first emission
layer 510E having the light-emitting dopant for emitting
blue light, a peak wavelength of the light emitted from the
first stack 510 may be within a range from 440 nm to 480
nm.

[0095] If the first stack 510 includes the first emission
layer 510E having the light-emitting dopant for emitting
blue light, and the auxiliary emission layer having the
light-emitting dopant for emitting red light, a peak wave-
length of the light emitted from the first stack 510 may be
within a range from 440 nm to 650 nm. And, if the first stack
510 includes the first emission layer 510E having the
light-emitting dopant for emitting blue light, and the auxil-
iary emission layer having the light-emitting dopant for
emitting yellow-green light, a peak wavelength of the light
emitted from the first stack 510 may be within a range from
440 nm to 590 nm.

[0096] If the first stack 510 includes the first emission
layer 510E having the light-emitting dopant for emitting
yellow-green light, a peak wavelength of the light emitted
from the first stack 510 may be within a range from 540 nm
to 580 nm

[0097] If the first stack 510 includes the first emission
layer 510F having the light-emitting dopant for emitting
vellow-green light, and the auxiliary emission layer having
the light-emitting dopant for emitting red light, a peak
wavelength of the light emitted from the first stack 510 may
be within a range from 540 nm to 650 nm. And, if the first
stack 510 includes the first emission layer S10E having the
light-emitting dopant for emitting yellow-green light, and
the auxiliary emission layer having the light-emitting dopant
for emitting green light, a peak wavelength of the light
emitted from the first stack 510 may be within a range from
510 nm to 590 nm.

[0098] As described above, the first stack 510 further
includes at least one among the hole injecting layer (HIL),
the hole transporting layer (HTL), the electron transporting
layer (ETL), the electron injecting layer (EIL), the hole
blocking layer (HBL). the electron blocking layer (EBL),
and the auxiliary emission layer, so that it is possible to
improve light-emission efficiency or driving voltage prop-
erties of the OLED apparatus 1000. According to an embodi-
ment of the OLED apparatus 1000, the additional organic
layers may be selectively disposed in the first stack 510.
Also, a thickness (T1) of the first stack 510 and a position
of the first emission layer 510F in the first stack 510 may be
adjusted based on the position, the thickness, or the number
of the additional organic layers included in the first stack
510.
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[0099] The first charge generation layer 540 is disposed on
the first stack 510, or disposed between the first stack 510
and the second stack 520, to thereby adjust a charge balance
between the first stack 510 and the second stack 520. The
first charge generation layer 540 includes the first N-type
charge generation layer 540N and the first P-type charge
generation layer 540P.

[0100] The first N-type charge generation layer 540N is
provided to inject electrons into the first stack 510. The first
N-type charge generation layer 540N may be formed of a
layer doped with alkali-based metal such as lithium (Li),
natrium (Na), kalium (K) or cesium (Cs), or a layer doped
with alkali earth metal such as magnesium (Mg), strontium
(Sr), barium (Ba) or radium (Ra), but is not limited to these
materials.

[0101] The first P-type charge generation layer 540P is
provided to inject holes into the second stack 520. For
example, the first P-type charge generation layer 540P may
be formed of a layer including P-type dopant, but is not
limited to this material.

[0102] The second stack 520 is disposed on the first charge
generation layer 540.

[0103] The second stack 520 may include at least one
organic layer having the light-emitting dopant for emitting
yellow-green light or blue light. For example, as shown in
FIG. 2, the second stack 520 may include the second
emission layer 520E having the light-emitting dopant for
emitting yellow-green light or blue light.

[0104] The second emission layer 520E may be formed in
a single-layered structure or multi-layered structure having
the light-emitting dopant for emitting yellow-green light or
blue light. In detail, if the first emission layer S10E of the
first stack 510 includes the light-emitting dopant for emitting
blue light, the second emission layer 520F of the second
stack 520 may include the light-emitting dopant for emitting
yellow-green light. If the first emission layer 510E of the
first stack 510 includes the light-emitting dopant for emitting
yellow-green light, the second emission layer 520F of the
second stack 520 may include the light-emitting dopant for
emitting blue light.

[0105] The second emission layer 520E may include at
least one host and at least one light-emitting dopant for
emitting yellow-green light or blue light, or may include a
mixed host including two hosts mixed together and at least
one light-emitting dopant for emitting yellow-green light or
blue light.

[0106] In the same manner as the first stack 510, the
second stack 520 may include at least one among the hole
injecting layer (HIL), the hole transporting layer (HTL), the
electron transporting layer (ETL), the electron injecting
layer (EIL), the hole blocking layer (HBL), the electron
blocking layer (EBL), and the auxiliary emission layer.
[0107] The auxiliary emission layer of the second stack
520 may include light-emitting dopant for emitting light
whose color is different from that of the light emitted from
the second emission layer 520E. If the second emission layer
520F of the second stack 520 includes light-emitting dopant
for emitting yellow-green light, the auxiliary emission layer
of the second stack 520 may include light-emitting dopant
for emitting green light or red light. If the second emission
layer 520F of the second stack 520 includes light-emitting
dopant for emitting blue light, the auxiliary emission layer
of the second stack 520 may include light-emitting dopant
for emitting yellow-green light or red light. According as the
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auxiliary emission layer is additionally provided in the
second stack 520, it is possible to improve light-emission
efficiency of red or green color.

[0108] If the second stack 520 includes the second emis-
sion layer 520E having the light-emitting dopant for emit-
ting yellow-green light, a peak wavelength of the light
emitted from the second stack 520 may be within a range
from 540 nm to 580 nm.

[0109] If the second stack 520 includes the second emis-
sion layer 520 having the light-emitting dopant for emit-
ting yellow-green light, and the auxiliary emission layer
having the light-emitting dopant for emitting red light, a
peak wavelength of the light emitted from the second stack
520 may be within a range from 540 nm to 650 nm. And, if
the second stack 520 includes the second emission layer
520F having the light-emitting dopant for emitting yellow-
green light, and the auxiliary emission layer having the
light-emitting dopant for emitting green light, a peak wave-
length of the light emitted from the second stack 520 may be
within a range from 510 nm to 590 nm.

[0110] If the second stack 520 includes the second emis-
sion layer 520 having the light-emitting dopant for emit-
ting blue light, a peak wavelength of the light emitted from
the second stack 520 may be within a range from 440 nm to
430 nm.

[0111] If the second stack 520 includes the second emis-
sion layer 520F having the light-emitting dopant for emit-
ting blue light, and the auxiliary emission layer having the
light-emitting dopant for emitting red light, a peak wave-
length of the light emitted from the second stack 520 may be
within a range from 440 nm to 650 nm. And, if the second
stack 520 includes the second emission layer 520E having
the light-emitting dopant for emitting blue light, and the
auxiliary emission layer having the light-emitting dopant for
emitting green light, a peak wavelength of the light emitted
from the second stack 520 may be within a range from 440
nm to 580 nm.

[0112] As described above, the second stack 520 further
includes at least one among the hole injecting layer (HIL),
the hole transporting layer (HTL), the electron transporting
layer (ETL), the electron injecting layer (EIL), the hole
blocking layer (HBL), the electron blocking layer (EBL),
and the auxiliary emission layer, it is possible to improve
light-emission efficiency or driving voltage properties of the
OLED apparatus 1000. According to an embodiment of the
OLED apparatus 1000, the additional organic layers may be
selectively disposed in the second stack 520. Also, a thick-
ness (12) of the second stack 520 and a position of the
second emission layer 520F in the second stack 520 may be
adjusted based on the position, the thickness, or the number
of the additional organic layers included in the second stack
520.

[0113] The second charge generation layer 550 is disposed
on the second stack 520, or disposed between the second
stack 520 and the third stack 530, to thereby adjust a charge
balance between the second stack 520 and the third stack
530. The second charge generation layer 550 includes the
second N-type charge generation layer 550N and the second
P-type charge generation layer 550P.

[0114] The second N-type charge generation layer 550N is
provided to inject electrons into the second stack 520. The
second N-type charge generation layer 550N may be formed
of alayer doped with alkali-based metal such as lithium (Li),
natrium (Na), kalium (K) or cesium (Cs), or a layer doped
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with alkali earth metal such as magnesium (Mg), strontium
(Sr), barium (Ba) or radium (Ra), but not limited to these
materials. According to an embodiment, the second N-type
charge generation layer 550N may be formed of the same
material as that of the first N-type charge generation layer
S40N.

[0115] The second P-type charge generation layer 550P is
provided to inject holes into the third stack 530. For
example, the second P-type charge generation layer 550P
may be formed of a layer including P-type dopant. but not
limited to this material. According to an embodiment, the
second P-type charge generation layer 550P may be formed
of the same material as that of the first P-type charge
generation layer 540P.

[0116] The third stack 530 is disposed on the second
charge generation layer 550. Among the plurality of stacks
510, 520 and 530, the third stack 530 is relatively close to
the cathode 600.

[0117] The third stack 530 may include at least one
organic layer having the light-emitting dopant for emitting
blue light. For example, as shown in FIG. 2, the third stack
530 may include the third emission layer 530E having the
light-emitting dopant for emitting blue light.

[0118] The third emission layer 530E may be formed in a
single-layered structure or multi-layered structure having
the light-emitting dopant for emitting blue light. In detail,
the third emission layer 530E may include at least one host
and at least one light-emitting dopant for emitting blue light,
or the third emission layer 530E may include a mixed host
having two hosts mixed together, and at least one light-
emitting dopant for emitting blue light.

[0119] In the same manner as the first stack 510 or second
stack 520, the third stack 530 may include at least one
among the hole injecting layer (HIL), the hole transporting
layer (HTL). the electron transporting layer (ETL), the
electron injecting layer (EIL), the hole blocking layer
(HBL), the electron blocking layer (EBL), and the auxiliary
emission layer.

[0120] The auxiliary emission layer of the third stack 530
may include light-emitting dopant for emitting light whose
color is different from that of the light emitted from the third
emission layer 530E. In detail, the auxiliary emission layer
of the third stack 530 includes light-emitting dopant for
emitting yellow-green light or red light. Thus if the auxiliary
emission layer is additionally provided in the third stack
530, it is possible to improve light-emission efficiency of red
or green color.

[0121] If the third stack 530 includes the third emission
layer 530F having the light-emitting dopant for emitting
blue light, a peak wavelength of the light emitted from the
third stack 530 may be within a range from 440 nm to 480
nm.

[0122] If the third stack 530 includes the third emission
layer 530E having the light-emitting dopant for emitting
blue light, and the auxiliary emission layer having the
light-emitting dopant for emitting yellow-green light or red
light, a peak wavelength of the light emitted from the third
stack 530 may be within a range from 440 nm to 650 nm.
[0123] As described above, the third stack 530 further
includes at least one among the hole injecting layer (HIL),
the hole transporting layer (HTL), the electron transporting
layer (ETL), the electron injecting layer (EIL), the hole
blocking layer (HBL), the electron blocking layer (EBL),
and the auxiliary emission layer, it is possible to improve
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light-emission efficiency or driving voltage properties of the
OLED apparatus 1000. According to an embodiment of the
OLED apparatus 1000, the additional organic layers may be
selectively disposed in the third stack 530. Also, a thickness
(T3) of the third stack 530 or a position of the third emission
layer 530 in the third stack 530 may be adjusted based on
the position, the thickness, or the number of the additional
organic layers included in the third stack 530.

[0124] In the top emission type OLED apparatus 1000
according to the first embodiment of the present invention,
the thickness (T1, T2, T3) of each of the plurality of stacks
510, 520 and 530 is adjusted so as to control the properties
of the OLED apparatus 1000, for example, light-emission
efficiency, color reproduction ratio, or color change rate. In
detail, in order to improve the properties of the OLED
apparatus 1000, the thickness (T1, T2, T3) of each of the
plurality of stacks 510, 520 and 530 is determined by an
optimal ratio based on a micro-cavity between the anode 400
having the reflection properties and the cathode 600 having
the transparent properties. As described above, the micro-
cavity indicates that the light-emission efficiency is
improved by amplification and constructive interference of
the light with the specific wavelength through repetitive
reflection and re-reflection of the light emitted from the
emission layer between the two electrodes 400 and 600.
[0125] Ifthe thickness (T1, T2, T3) of each of the plurality
of stacks 510, 520 and 530 is not provided at the optimal
ratio, it is difficult to optimize the micro-cavity of the light
emitted from the emission layers 510E, 520E and 530E
included in the plurality of stacks 510, 520 and 530, which
causes problems of low light-emission efficiency, deterio-
rated color reproduction ratio, and increased color change
rate. That 1s, if each emission layer 510E, 520E and 530E is
not provided at the corresponding position enabling the
optimal micro-cavity between the two electrodes 400 and
600, it may deteriorate the properties of the OLED apparatus
1000. The first emission layer S10E is disposed at the
position enabling the micro-cavity of the light emitted from
the first emission layer 510E between the two electrodes 400
and 600, the second emission layer 520F is disposed at the
position enabling the micro-cavity of the light emitted from
the second emission layer 520E between the two electrodes
400 and 600, and the third emission layer S30E is disposed
at the position enabling the micro-cavity of the light emitted
from the third emission layer 530E between the two elec-
trodes 400 and 600.

[0126] The inventors of the present disclosure have con-
ceived a special OLED apparatus 1000 which facilitates to
improve the properties of light-emission efliciency, color
reproduction ratio and color change rate by adjusting the
thickness of each of the plurality of stacks 510, 520 and 530
or the thickness ratio in the plurality of stacks 510, 520 and
530 so as to optimize the micro-cavity of the light emitted
from each of the plurality of stacks 510, 520 and 530. This
will be described in detail as follows.

[0127] In the first embodiment of the present disclosure,
the thickness (T1) of the first stack 510, the thickness (12)
of the second stack 520, and the thickness (T3) of the third
stack 530 may be expressed with respect to the distance of
the micro-cavity between the two electrodes 400 and 600 of
the OLED apparatus 1000. In the first embodiment of the
present disclosure, the micro-cavity between the two elec-
trodes 400 and 600 may occur between an upper surface of
the reflection layer 410 of the anode 400 having reflective
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properties and an upper surface of the cathode 600 having
the transparent properties. Thus, the thickness (T1, T2, T3)
of each of the plurality of stacks 510, 520 and 530 may be
expressed with respect to the distance (T) from the upper
surface of the reflection layer 410 of the anode 400 to the
upper surface of the cathode 600 having the transparent
properties.

[0128] Referring to FIG. 2, the thickness (T1) of the first
stack 510 indicates the distance from the upper surface of the
reflection layer 410 of the anode 400 to the interface
between the first N-type charge generation layer 540N of the
first charge generation layer 540 and the first P-type charge
generation layer 540P of the first charge generation layer
540. In detail, the thickness (T1) of the first stack 510 may
be expressed by the thickness including the thickness of the
first N-type charge generation layer 540N and the thickness
of the transparent layer 420 of the anode 400, as well as the
total thickness of the layers included in the first stack 510.
As described above, the first stack 510 may further include
the additional organic layers of the hole injecting layer
(HIL), the hole transporting layer (HTL), the electron trans-
porting layer (ETL), the electron injecting layer (EIL), the
hole blocking layer (HBL), the electron blocking layer
(EBL), or the auxiliary emission layer. In this case, with
respect to the distance (T) enabling the occurrence of the
micro-cavity between the two electrodes 400 and 600, the
thickness (T1) of the first stack 510 may be adjusted by the
thickness of the transparent layer 420 of the anode 400 and
the thickness of the first N-type charge generation layer
540N as well as the position, the thickness or the number of
the additional organic layers selectively included in the first
stack 510. Accordingly, it is possible to determine the
position of the first emission layer 510E of the first stack 510
between the two electrodes 400 and 600.

[0129] The thickness (T2) of the second stack 520 indi-
cates the distance from the interface between the first N-type
charge generation layer 540N of the first charge generation
layer 540 and the first P-type charge generation layer 540P
of the first charge generation layer 540 to the interface
between the second N-type charge generation layer 550N of
the second charge generation layer 550 and the second
P-type charge generation layer 550P of the second charge
generation layer 550. In detail, the thickness (T2) of the
second stack 520 may be expressed by the thickness includ-
ing the thickness of the first P-type charge generation layer
540P and the thickness of the second N-type charge gen-
eration layer 550N, as well as the total thickness of the layers
included in the second stack 520. Also, the second stack 520
may further include the additional organic layers of the hole
injecting layer (HIL), the hole transporting layer (HTL), the
electron transporting layer (ETL), the electron injecting
layer (EIL), the hole blocking layer (HBL), the electron
blocking layer (EBL), or the auxiliary emission layer, selec-
tively. In this case, with respect to the distance (T) enabling
the occurrence of the micro-cavity between the two elec-
trodes 400 and 600, the thickness (T2) of the second stack
520 may be adjusted by the thickness of the first P-type
charge generation layer 540P and the thickness of the second
N-type charge generation layer S50N as well as the position,
the thickness or the number of the additional organic layers
selectively included in the second stack 520. Accordingly, it
is possible to determine the position of the second emission
layer 520F of the second stack 520 between the two elec-
trodes 400 and 600.
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[0130] The thickness (T3) of the third stack 530 indicates
the distance from the interface between the second N-type
charge generation layer 550N of the second charge genera-
tion layer 550 and the second P-type charge generation layer
550P of the second charge generation layer 550 to the upper
surface of the cathode 600 having the transparent properties.
In detail, the thickness (T3) of the third stack 530 may be
expressed by the thickness including the thickness of the
second P-type charge generation layer 550P and the thick-
ness of the cathode 600, as well as the total thickness of the
layers included in the third stack 530. Also, in the same
manner as the first stack 510 or second stack 520, the third
stack 530 may further include the additional organic layers
of the hole injecting layer (HIL), the hole transporting layer
(HTL), the electron transporting layer (ETL), the electron
injecting layer (EIL), the hole blocking layer (HBL), the
electron blocking layer (EBL), or the auxiliary emission
layer, selectively. In this case, with respect to the distance
(T) enabling the occurrence of the micro-cavity between the
two electrodes 400 and 600, the thickness (T3) of the third
stack 530 may be adjusted by the thickness of the second
P-type charge generation layer 550P and the thickness of the
cathode 600 as well as the position, the thickness or the
number of the additional organic layers selectively included
in the third stack 530. Accordingly, it is possible to deter-
mine the position of the third emission layer 530E of the
third stack 530 between the two electrodes 400 and 600.

[0131] In the first embodiment of the present disclosure,
among the plurality of stacks 510, 520 and 530 disposed
between the anode 400 having the reflection properties and
the cathode 600 having the transparent properties, according
as the stack becomes close to the cathode 600, its thickness
becomes larger in comparison to the thickness of the stack
disposed to the anode 400. In more detail, referring to FIG.
2, among the plurality of stacks 510, 520 and 530, the
thickness (T3) of the third stack 530 disposed relatively
close to the cathode 600 is relatively larger than the thick-
ness (T2) of the second stack 520 disposed relatively close
to the anode 400. Also, the thickness (T2) of the second
stack 520 is relatively larger than the thickness (T1) of the
first stack 510 disposed relatively close to the anode 400.
The thickness (T1) of the first stack 510, the second thick-
ness (T2) of the second stack 520, and the thickness (T3) of
the third stack 530 satisfy the following Equation 1.

3>72>T1 [Equation 1]

[0132] That is, the thickness (T3) of the third stack 530 is
relatively larger than the thickness (T1) of the first stack 510
and the thickness (12) of the second stack 520, and the
thickness (T2) of the second stack 520 is relatively larger
than the thickness (T1) of the first stack 510, whereby it is
possible to optimize the micro-cavity of the light emitted
from each of the first stack 510, the second stack 520 and the
third stack 530 between the two electrodes 400 and 600. In
other words, as the stack is closer to the cathode 600, its
thickness becomes larger in comparison to the thickness of
the stack disposed closer to the anode 400. Accordingly, the
emission layers 510E, 520F and 530F included in the stacks
510, 520 and 530 may be disposed at the respective positions
enabling the optimal micro-cavity between the two elec-
trodes 400 and 600, to thereby improve the light-emission
efficiency and color reproduction ratio of the OLED appa-
ratus 1000, and also to lower the color change rate of the
OLED apparatus 1000.
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[0133] According to the first embodiment of the present
disclosure, the first emission layer 510F of the first stack 510
includes the light-emitting dopant for emitting blue light or
yellow-green light. Assuming that the total thickness of the
thickness (T1) of the first stack 510, the thickness (T2) of the
second stack 520, and the thickness (13) of the third stack
530 is 100%, the thickness (T1) of the first stack 510 may
be within a range from 10% to 20%, to thereby optimize the
micro-cavity of the light emitted from the first stack 510
between the two electrodes 400 and 600. In this case, with
respect to the thickness (T1) of the first stack 510, the
thickness (T1") from the upper surface of the reflection layer
410 of the anode 400 to the lower surface of the first
emission layer 510F may be within a range from 2% to 90%.
That is, with respect to the distance (T1) from the upper
surface of the reflection layer 410 of the anode 400 and the
upper surface of the first N-type charge generation layer
540N, the first emission layer 510E may be disposed at the
position corresponding to a range from 2% to 90%, to
thereby optimize the micro-cavity of the light emitted from
the first emission layer 510E between the two electrodes 400
and 600.

[0134] According to the first embodiment of the present
disclosure, the second emission layer 520E of the second
stack 520 includes the light-emitting dopant for emitting
blue light or yellow-green light. Assuming that the total
thickness of the thickness (T1) of the first stack 510, the
thickness (12) of the second stack 520, and the thickness
(T3) of the third stack 530 is 100%, the thickness (T2) of the
second stack 520 may be within a range from 30% to 40%,
to thereby optimize the micro-cavity of the light emitted
from the second stack 520 between the two electrodes 400
and 600. In this case, with respect to the thickness (T2) of
the second stack 520, the thickness (T2') from the upper
surface of the first N-type charge generation layer 540N to
the lower surface of the second emission layer 520E may be
within a range from 2% to 90%. That is, with respect to the
distance (T2) from the upper surface of the first N-type
charge generation layer 540N to the upper surface of the
second N-type charge generation layer 550N, the second
emission layer 520E may be disposed at the position corre-
sponding to a range from 2% to 90%, to thereby optimize the
micro-cavity of the light emitted from the second emission
layer 520F between the two electrodes 400 and 600.

[0135] According to the first embodiment of the present
disclosure, the third emission layer 530E of the third stack
530 includes the light-emitting dopant for emitting blue
light. Assuming that the total thickness of the thickness (T1)
of the first stack 510, the thickness (T2) of the second stack
520, and the thickness (T3) of the third stack 530 is 100%,
the thickness (T3) of the third stack 530 may be within a
range from 45% to 60%, to thereby optimize the micro-
cavity of the light emitted from the third stack 530 between
the two electrodes 400 and 600. In this case, with respect to
the thickness (T3) of the third stack 530, the thickness (T3')
from the upper surface of the second N-type charge genera-
tion layer 550N to the lower surface of the third emission
layer 530E may be within a range from 2% to 90%. In other
words, with respect to the distance (T3) from the upper
surface of the second N-type charge generation layer 550N
to the upper surface of the cathode 600, the third emission
layer 530E may be disposed at the position corresponding to
a range from 2% to 90%, to thereby optimize the micro-
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cavity of the light emitted from the third emission layer
530E between the two electrodes 400 and 600.

[0136] If the emission layer included in each of the stacks
includes the plurality of layers, or the auxiliary emission
layer is additionally provided in the stack, the thickness (T1',
T2', T3") indicating the position of the emission layer in each
stack may be defined with respect to the lowermost-posi-
tioned emission layer among the plurality of emission lay-
ers. For example, if the first stack 510 includes the first
emission layer 510E, and the auxiliary emission layer dis-
posed between the first emission layer S10E and the anode
400, the thickness (T1') from the upper surface of the
reflection layer 410 of the anode 400 to the lower surface of
the auxiliary emission layer may be within a range from 2%
to 90% with respect to the thickness (T1) of the first stack
510.

[0137] As explained above, the OLED apparatus 1000
according to the first embodiment of the present disclosure
includes the plurality of stacks 510, 520 and 530 between the
reflection-anode 400 and the transparent-cathode 600, and
the thickness of the stack disposed close to the transparent-
cathode 600 is relatively larger than the thickness of the
stack disposed close to the reflection-anode 400. A reflec-
tion-anode may also be referred to as a reflective-anode.
Accordingly, the micro-cavity of the light emitted from each
stack 510, 520 and 530 is optimized so that it is possible to
improve the light-emission efficiency, the color reproduction
ratio, and the color change rate of the OLED apparatus 1000.
[0138] FIG. 3 is a table showing the light-emission effi-
ciency in the OLED apparatus according to the first embodi-
ment of the present disclosure and OLED apparatuses
according to comparative examples. FIG. 4A is a graph
showing the color change rate in the OLED apparatus
according to the first embodiment of the present disclosure
and OLED apparatuses according to comparative examples.
FIG. 4B is a graph showing the color reproduction ratio in
the OLED apparatus according to the first embodiment of
the present disclosure and OLED apparatuses according to
comparative examples.

[0139] In case of the first embodiment of FIGS. 3, 4A and
4B, among the plurality of stacks, the thickness of the stack
disposed close to the transparent-cathode is relatively larger
than the thickness of the stack disposed close to the reflec-
tion-anode. In detail, in case of the OLED apparatus 1000
described with reference to FIG. 2, among the plurality of
stacks, the thickness (T3) of the third stack 530 is larger than
the thickness (T1) of the first stack 510 and the thickness
(T2) of the second stack 520, and the thickness (12) of the
second stack 520 is larger than the thickness (T1) of the first
stack 510 (T1<T2<T3). Also, in case of the first embodi-
ment, assuming that the total thickness (T) of the plurality of
stacks 510, 520 and 530 is 100%, a thickness ratio in the
plurality of stacks 510, 520 and 530 is at T1:T2:T3=16%:
36%:48%.

[0140] In case of the comparative example 1 of FIGS. 3,
4A and 4B, assuming that the total thickness (T) of the
plurality of stacks 510, 520 and 530 is 100%, a thickness
ratio in the plurality of stacks 510, 520 and 530 is at
T1:T2:T3=33.3%:33.3%:33.3%.

[0141] In case of the comparative example 2 of FIGS. 3,
4A and 4B, among the plurality of stacks, the thickness (T2)
of the second stack 520 is the largest one, and the thickness
(T1) of the first stack 510 is the same as the thickness (T3)
of the third stack 530 (T1=T3<T2). In detail, in case of the
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comparative example 2, assuming that the total thickness (T)
of the plurality of stacks 510, 520 and 530 is 100%, a
thickness ratio in the plurality of stacks 510, 520 and 530 is
at T1:T2:T3=30%:40%:30%.

[0142] In case of the comparative example 3 of FIGS. 3,
4A and 4B, among the plurality of stacks, the thickness (T1)
of the first stack 510 is the largest one, and the thickness (T2)
of the second stack 520 is the same as the thickness (T3) of
the third stack 530 (T1>T2=T3). In detail, in case of the
comparative example 3, assuming that the total thickness (T)
of the plurality of stacks 510, 520 and 530 is 100%, a
thickness ratio in the plurality of stacks 510, 520 and 530 is
at T1:T2:T3=40%:30%:30%.

[0143] In the first embodiment, and the comparative
examples 1, 2 and 3, each of the first stack 510 and the third
stack 530 includes at least one organic layer having the
light-emitting dopant for emitting blue light, and the second
stack 520 includes at least one organic layer having the
light-emitting dopant for emitting yellow-green light.
[0144] In the first embodiment of the present disclosure,
the thickness ratio in the thickness (T1) of the first stack 510,
the thickness (T2) of the second stack 520, and the thickness
(T3) of the third stack 530 satisfies the condition of
T1<T2<T3, whereby it is possible to optimize the micro-
cavity of the light emitted from each of the stacks 510, 520
and 530, thereby improving the light-emission efficiency of
the OLED apparatus 1000.

[0145] In detail, referring to FIG. 3, in comparison to the
first embodiment of the present disclosure, the comparative
example 1 that the thickness ratio in the thickness (T1) of the
first stack 510, the thickness (T2) of the second stack 520,
and the thickness (T3) of the third stack 530 satisfies the
condition of T1=T2=T3 cannot optimize the micro-cavity of
the yellow-green light emitted from the second stack 520,
whereby the red (R) light efficiency, green (G) light effi-
ciency, and white (W) light efficiency are largely lowered.
[0146] Also, in comparison to the first embodiment of the
present disclosure, the comparative example 2 that the
thickness ratio in the thickness (T1) of the first stack 510, the
thickness (12) of the second stack 520, and the thickness
(T3) of the third stack 530 satisfies the condition of
T1=T3<T2 cannot optimize the micro-cavity of the blue
light emitted from the stack 510 and the third stack 530, and
the micro-cavity of the yellow-green light emitted from the
second stack 520, whereby the red (R) light efficiency, green
(G) light efficiency, blue (B) light efficiency, and white (W)
light efficiency are largely lowered.

[0147] Also, in comparison to the first embodiment of the
present disclosure, the comparative example 3 that the
thickness ratio in the thickness (T1) of the first stack 510, the
thickness (T2) of the second stack 520, and the thickness
(T3) of the third stack 530 satisfies the condition of
T1>T2=T3 cannot optimize the micro-cavity of the yellow-
green light emitted from the second stack 520, whereby the
red (R) light efficiency, green (G) light efficiency, and white
(W) light efficiency are especially lowered.

[0148] That is, in comparison to the first embodiment of
the present disclosure, the emission layers 510E, 520E and
530F included in each of the plurality of stacks 510, 520 and
530 for the comparative examples 1, 2 and 3 are not disposed
at the corresponding positions for optimizing the micro-
cavity between the two electrodes 400 and 600, whereby the
light-emission efficiency of the OLED apparatus 1000 in
each of the comparative examples 1, 2 and 3 is relatively
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lower than the light-emission efficiency of the OLED appa-
ratus 1000 according to the first embodiment of the present
disclosure.

[0149] FIG. 4A is a graph showing the color change rate
in the OLED apparatus according to the first embodiment of
the present disclosure and OLED apparatuses according to
comparative examples 1, 2 and 3. When the OLED appa-
ratus is seen from the front, its viewing angle is 0°. In detail,
FIG. 4A is the graph obtained by measuring the value of
Au'v' in accordance with the gradually-increased viewing
angle from 0° to 60°. According as the change of color in
accordance with the viewing angle becomes smaller, the
value of Au'v' becomes smaller.

[0150] Referring to FIG. 4A, in case of the comparative
example 1, the color change rate is gradually increased
within the range of viewing angle from 0° to 60°, and the
value of Au'v' is about 0.230 when the viewing angle is at
60°. In case of the comparative example 2, the color change
rate is gradually increased within the range of viewing angle
from 0° to 60°, and the value of Au'v' is about 0.200 when
the viewing angle is at 60°. In case of the comparative
example 3, the color change rate is gradually increased
within the range of viewing angle from 0° to 60°, and the
value of Au'v' is about 0.162 when the viewing angle is at
60°. That is, in case of the comparative examples 1, 2 and
3, the micro-cavity of the light emitted from the plurality of
stacks 510, 520 and 530 is not optimized so that the color
change is gradually increased by the spectrum change of the
emitted light in accordance with the increase of viewing
angle. Especially, if the value of Au'v' is larger than 0.05
within the range of viewing angle from 0° to 60°, a viewer
discerns the color difference in accordance with the viewing
angle, to thereby lower a picture quality of the OLED
apparatus.

[0151] Meanwhile, in case of the first embodiment of the
present disclosure, the color change rate is barely changed
within the range of viewing angle from 0° to 60°, and the
value of Au'v' is about 0.012 when the viewing angle is at
60°. That is, in case of the first embodiment of the present
disclosure, the value of Au'v' is smaller than 0.05 within the
range of viewing angle from 0° to 60°, so that it is possible
to reduce the color difference in accordance with the viewing
angle of the OLED apparatus, and furthermore results in a
clear and realistic image. Accordingly, it is possible to
provide a display device appropriate for a large-sized tele-
vision.

[0152] FIG. 4B is a graph showing the color reproduction
ratio in the OLED apparatus according to the first embodi-
ment of the present disclosure and OLED apparatuses
according to comparative examples 1, 2 and 3. In detail,
FIG. 4B is the graph for explaining sRGB coverage.
[0153] Herein, ‘sRGB’ is CIE 1976 standard, which indi-
cates the color reproduction ratio including red (R), green
(G), and blue (B) colors. Also, a range of the color repro-
duction ratio may be changed in accordance with a consum-
er’s request or product development, and the color repro-
duction ratio may be referred to as color gamut, color area,
color realization area, color realization range, and etc. Also,
‘sRGB coverage’ indicates a range of covering entire colors.
According as ‘sRGB coverage increases, it is possible to
express more various colors, to thereby improve the color
reproduction ratio.

[0154] In FIG. 4B, a dotted line indicates ‘BT709’,
wherein ‘BT709” indicates color gamut used for HDTV. In
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detail, *Cx’ and ‘Cy’ corresponding to a red color is (0.640,
0.330), ‘Cx’ and ‘Cy’ corresponding to a green color is
(0.300, 0.600), ‘Cx” and ‘Cy’ corresponding to a blue color
is (0.150, 0.060), and a triangle shape is obtained by
connecting each corresponding area for the red, green, and
blue colors. A method of expressing the color reproduction
ratio may be changed to various ways in accordance with a
consumetr’s request or product development, and the content
of the present disclosure is not limited to FIG. 4B expressed
by ‘BT709".

[0155] Referring to FIG. 4B, ‘sRGB coverage’ of the
comparative example 1 is about 93.8%, ‘sRGB coverage’ of
the comparative example 2 is about 98.5%, and ‘sRGB
coverage’ of the comparative example 3 is about 95.8%.
Meanwhile, ‘sSRGB coverage’ of the first embodiment of the
present disclosure is about 99.0%, that is, ‘sRGB coverage’
of the first embodiment of the present disclosure is improved
in comparison to that of the comparative examples 1, 2, and
3. That is, the first embodiment of the present disclosure has
the color gamut which is nearly similar to the area of
‘BT709’ expressed by the dotted line. Accordingly, in com-
parison to the comparative examples 1, 2, and 3, the first
embodiment of the present disclosure may provide a more
realistic and clearer image.

[0156] As described above, the thickness ratio in the
plurality of stacks disposed between the reflection-anode
and the transparent-cathode is adjusted so as to obtain the
color reproduction ratio of 99% or more than 99% and
simultaneously to obtain the Au'v' value of 0.05 or less than
0.05 within the range of viewing angle from 0° to 60° so that
it is possible to improve the light-emission efficiency and the
color reproduction ratio of the OLED apparatus, and to
lower the color change rate.

[0157] FIG. 5 is a cross sectional view illustrating some
components of an OLED apparatus 2000 according to the
second embodiment of the present disclosure. For conve-
nience of explanation, a detailed description for the same
parts or similar parts to those of the first embodiment will be
omitted or briefly explained.

[0158] The OLED apparatus 2000 according to the second
embodiment of the present disclosure, which is shown in
FIG. 5, may include an anode 1400 having a reflection
properties and including a reflection layer 1410 and a
transparent layer 1420, a cathode 1600 having a transparent
properties, and a light-emission unit 1500 disposed between
the anode 1400 and the cathode 1600. The light-emission
unit 1500 may include a first stack 1510, a charge generation
layer 1540, and a second stack 1520. Also, the OLED
apparatus 2000 according to the second embodiment of the
present disclosure is a top emission type, wherein white light
(L) is emitted from the light-emission unit 1500, and is
emitted through the cathode 1600 having the transparent
properties.

[0159] The anode 1400 and the cathode 1600 shown in
FIG. 5 are the same as the anode 400 and the cathode 600
shown in FIG. 2 according to the first embodiment of the
present disclosure, whereby a detailed description for the
anode 1400 and the cathode 1600 will be omitted.

[0160] The first stack 1510 is disposed on the anode 1400.
Between the first and second stacks 1510 and 1520, the first
stack 1510 is relatively close to the anode 1400.

[0161] The first stack 1510 may include at least one
organic layer having light-emitting dopant for emitting blue
light. For example, as shown in FIG. 5, the first stack 1510
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may include a first emission layer 1510E having light-
emitting dopant for emitting blue light.

[0162] The first emission layer 1510E may be formed in a
single-layered or multi-layered structure including the light-
emitting dopant for emitting blue light. In detail, the first
emission layer 1510F may include at least one host and at
least one light-emitting dopant for emitting blue light. The
first emission layer 1510F may include a mixed host having
two hosts mixed together, and at least one light-emitting
dopant for emitting blue light. The mixed host may include
a host having hole transporting properties, and a host having
electron transporting properties.

[0163] Forexample, the light-emitting dopant for emitting
blue light may be formed of a pyrene-based compound
replaced by an arylamine-based compound, but is not lim-
ited to this material.

[0164] The first stack 1510 may further include at least
one among a hole injecting layer (HIL), a hole transporting
layer (HTL), an electron transporting layer (ETL), an elec-
tron injecting layer (EIL), a hole blocking layer (HBL), an
electron blocking layer (EBL), and an auxiliary emission
layer.

[0165] The auxiliary emission layer of the first stack 1510
may include light-emitting dopant for emitting light whose
color is different from that of the light emitted from the first
emission layer 1510E. For example, the auxiliary emission
layer of the first stack 1510 may include light-emitting
dopant for emitting yellow-green light or red light. If the
auxiliary emission layer is additionally provided in the first
stack 1510, it is possible to improve light-emission effi-
ciency of red or green color.

[0166] If the first stack 1510 includes the first emission
layer 1510E having the light-emitting dopant for emitting
blue light, a peak wavelength of the light emitted from the
first stack 1510 may be within a range from 440 nm to 480
nm

[0167] If the first stack 1510 includes the first emission
layer 1510E having the light-emitting dopant for emitting
blue light, and the auxiliary emission layer having the
light-emitting dopant for emitting red light, a peak wave-
length of the light emitted from the first stack 1510 may be
within a range from 440 nm to 650 nm. And, if the first stack
1510 includes the first emission layer 1510E having the
light-emitting dopant for emitting blue light, and the auxil-
iary emission layer having the light-emitting dopant for
emitting yellow-green light, a peak wavelength of the light
emitted from the first stack 1510 may be within a range from
440 nm to 580 nm.

[0168] As described above, the first stack 1510 further
includes at least one among the hole injecting layer (HIL),
the hole transporting layer (HTL), the electron transporting
layer (ETL), the electron injecting layer (EIL), the hole
blocking layer (HBL). the electron blocking layer (EBL),
and the auxiliary emission layer, so that it is possible to
improve light-emission efficiency or driving voltage prop-
erties of the OLED apparatus 2000. According to an embodi-
ment of the OLED apparatus 2000, the additional organic
layers may be selectively disposed in the first stack 1510.
Also, a thickness (T1) of the first stack 1510 and a position
of the first emission layer 1510F in the first stack 1510 may
be adjusted based on the position, the thickness, or the
number of the additional organic layers included in the first
stack 1510.
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[0169] The charge generation layer 1540 is disposed on
the first stack 1510, or disposed between the first stack 1510
and the second stack 1520, to thereby adjust a charge
balance between the first stack 1510 and the second stack
1520. The charge generation layer 1540 includes an N-type
charge generation layer 1540N and a P-type charge genera-
tion layer 1540P. The N-type charge generation layer 1540N
and the P-type charge generation layer 1540P are the same
as the first N-type charge generation layer 540N and the first
P-type charge generation layer 540P described in FIG. 2, or
the second N-type charge generation layer 550N and the
second P-type charge generation layer 550P described in
FIG. 2, whereby a detailed description for the N-type charge
generation layer 1540N and the P-type charge generation
layer 1540P will be omitted.

[0170] The second stack 1520 is disposed on the charge
generation layer 1540. In comparison to the first stack 1510,
the second stack 1520 is relatively close to the cathode 1600.
The second stack 1520 may be disposed between the first
stack 1510 and the cathode 1600,

[0171] The second stack 1520 may include at least one
organic layer having the light-emitting dopant for emitting
yellow-green light. For example, as shown in FIG. 5, the
second stack 1520 may include the second emission layer
1520F having the light-emitting dopant for emitting yellow-
green light.

[0172] The second emission layer 1520E may be formed
in a single-layered structure or multi-layered structure hav-
ing the light-emitting dopant for emitting yellow-green light.
In detail, the second emission layer 1520FE may include at
least one host and at least one light-emitting dopant for
emitting yellow-green light, or may include a mixed host
having two hosts mixed together, and at least one light-
emitting dopant for emitting yellow-green light.

[0173] The light-emitting dopant for emitting yellow-
green light may be formed of an iridium-based compound,
but is not limited to this material.

[0174] The second stack 1520 may further include at least
one among a hole injecting layer (HIL), a hole transporting
layer (HTL), an electron transporting layer (ETL), an elec-
tron injecting layer (EIL), a hole blocking layer (HBL), an
electron blocking layer (EBL), and an auxiliary emission
layer.

[0175] The auxiliary emission layer of the second stack
1520 may include light-emitting dopant for emitting light
whose color is different from that of the light emitted from
the second emission layer 1520E. For example, the auxiliary
emission layer of the second stack 1520 may include light-
emitting dopant for emitting green light or red light. If the
auxiliary emission layer is additionally provided in the
second stack 1520, it is possible to improve light-emission
efficiency of red or green color.

[0176] If the second stack 1520 includes the second emis-
sion layer 1520E having the light-emitting dopant for emit-
ting yellow-green light, a peak wavelength of the light
emitted from the second stack 1520 may be within a range
from 540 nm to 580 nm.

[0177] If the second stack 1520 includes the second emis-
sion layer 1520E having the light-emitting dopant for emit-
ting yellow-green light, and the auxiliary emission layer
having the light-emitting dopant for emitting red light, a
peak wavelength of the light emitted from the second stack
1520 may be within a range from 540 nm to 650 nm. And,
if the second stack 1520 includes the second emission layer
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1520F having the light-emitting dopant for emitting yellow-
green light, and the auxiliary emission layer having the
light-emitting dopant for emitting green light, a peak wave-
length of the light emitted from the second stack 1520 may
be within a range from 510 nm to 590 nm.

[0178] As described above, the second stack 1520 further
includes at least one among the hole injecting layer (HIL),
the hole transporting layer (HTL), the electron transporting
layer (ETL), the electron injecting layer (EIL), the hole
blocking layer (HBL). the electron blocking layer (EBL),
and the auxiliary emission layer, so that it is possible to
improve light-emission efficiency or driving voltage prop-
erties of the OLED apparatus 2000. According to an embodi-
ment of the OLED apparatus 2000, the additional organic
layers may be selectively disposed in the second stack 1520.
Also, a thickness (T2) of the second stack 1520 and a
position of the second emission layer 1520F in the second
stack 1520 may be adjusted based on the position, the
thickness, or the number of the additional organic layers
included in the second stack 1520.

[0179] In the top emission type OLED apparatus 2000
according to the second embodiment of the present disclo-
sure, the properties of the OLED apparatus 2000, for
example, light-emission efficiency, color reproduction ratio
or color change rate may be controlled by adjusting the
thickness (T1) of the first stack 1510 and the thickness (12)
of the second stack 1520. In more detail, in order to improve
the properties of the OLED apparatus 2000, the thickness
ratio in the thickness (T1) of the first stack 1510 and the
thickness (12) of the second stack 1520 has to be optimized
in consideration of the micro-cavity between the anode 1400
having the reflection properties and the cathode 1600 having
the transparent properties.

[0180] Referring to FIG. 5, the thickness (T1) of the first
stack 1510 indicates the distance from the upper surface of
the reflection layer 1410 of the anode 1400 to the interface
between the N-type charge generation layer 1540N and the
P-type charge generation layer 1540P. In detail, the thick-
ness (T1) of the first stack 1510 may be expressed by the
thickness including the thickness of the N-type charge
generation layer 1540N and the thickness of the transparent
layer 1420 of the anode 1400, as well as the total thickness
of the layers included in the first stack 1510.

[0181] The thickness (T2) of the second stack 1520 indi-
cates the distance from the interface between the N-type
charge generation layer 1540N and the P-type charge gen-
eration layer 1540P to the upper surface of the cathode 1600
having the transparent properties. In detail, the thickness
(T2) of the second stack 1520 may be expressed by the
thickness including the thickness of the P-type charge gen-
eration layer 1540P and the thickness of the cathode 1600,
as well as the total thickness of the layers included in the
second stack 1520.

[0182] In the second embodiment of the present disclo-
sure, between the first stack 1510 and the second stack 1520,
the thickness (T2) of the second stack 1520 disposed close
to the cathode 1600 having the transparent properties is
relatively larger than the thickness (T1) of the first stack
1510 disposed close to the anode 1400 having the reflection
properties. That is, the thickness (T1) of the first stack 1510
and the thickness (T2) of the second stack 1520 satisfy the
following Equation 2.

72>T1 [Equation 2]



US 2017/0084856 A1l

[0183] As explained above, the thickness (T2) of the
second stack 1520 is larger than the thickness (T1) of the
first stack 1510, whereby it is possible to optimize the
micro-cavity of the light emitted from each of the first stack
1510 and the second stack 1520 between the two electrodes
1400 and 1600. In other words, the thickness (12) of the
second stack 1520 disposed close to the cathode 1600 is
relatively larger than the thickness (T1) of the first stack
1510 disposed close to the anode 1400, the emission layers
1510E and 1520F included in the stacks may be disposed at
the respective positions enabling the optimal micro-cavity
between the two electrodes 1400 and 1600, to thereby
improve the light-emission efficiency and color reproduction
ratio of the OLED apparatus 2000, and also to lower the
color change rate of the OLED apparatus 2000.

[0184] According to the second embodiment of'the present
disclosure, the first emission layer 1510E of the first stack
1510 includes the light-emitting dopant for emitting blue
light. Assuming that the total thickness of the thickness (T1)
of the first stack 1510 and the thickness (T2) of the second
stack 1520 is 100%, the thickness (T1) of the first stack 510
may be within a range from 15% to 35%, to thereby optimize
the micro-cavity of the light emitted from the first stack 1510
between the two electrodes 1400 and 1600. In this case, with
respect to the thickness (T1) of the first stack 1510, the
thickness (T1") from the upper surface of the reflection layer
1410 of the anode 1400 to the lower surface of the first
emission layer 1510E may be within a range from 5% to
90%. That is, with respect to the distance (T1) from the
upper surface of the reflection layer 1410 of the anode 1400
to the upper surface of the N-type charge generation layer
1540N, the first emission layer 1510E may be disposed at
the position corresponding to a range from 5% to 90%, to
thereby optimize the micro-cavity of the light emitted from
the first emission layer 1510E between the two electrodes
1400 and 1600.

[0185] According to the second embodiment of the present
disclosure, the second emission layer 1520E of the second
stack 1520 includes the light-emitting dopant for emitting
yellow-green light. Assuming that the total thickness of the
thickness (T1) of the first stack 1510 and the thickness (T2)
of the second stack 1520 is 100%, the thickness (T2) of the
second stack 1520 may be within a range from 65% to 85%,
to thereby optimize the micro-cavity of the light emitted
from the second stack 1520 between the two electrodes 1400
and 1600. In this case, with respect to the thickness (T2) of
the second stack 1520, the thickness (T2") from the upper
surface of the N-type charge generation layer 1540N to the
lower surface of the second emission layer 1520E may be
within a range from 5% to 90%. That is, with respect to the
distance (T2) from the upper surface of the N-type charge
generation layer 1540N to the upper surface of the cathode
1600, the second emission layer 1520F may be disposed at
the position corresponding to a range from 5% to 90%, to
thereby optimize the micro-cavity of the light emitted from
the second emission layer 1520F between the two electrodes
1400 and 1600.

[0186] If the emission layer included in each of the stacks
includes the plurality of layers, or the auxiliary emission
layer is additionally provided in the stack, the thickness (T1',
T2} indicating the position of the emission layer in each
stack may be defined with respect to the lowermost-posi-
tioned emission layer among the plurality of emission lay-
ers. For example, if the first stack 1510 includes the first
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emission layer 1510F, and the auxiliary emission layer
disposed between the first emission layer 1510E and the
anode 1400, the thickness (T1") from the upper surface of the
reflection layer 1410 of the anode 1400 to the lower surface
of the auxiliary emission layer may be within a range from
5% to 90% with respect to the thickness (T1) of the first
stack 1510.

[0187] As explained above, the OLED apparatus 2000
according to the second embodiment of the present disclo-
sure includes the first stack 1510 and the second stack 1520
disposed between the reflection-anode 1400 and the trans-
parent-cathode 1600, wherein the thickness of the second
stack 1520 disposed close to the transparent-cathode 1600 is
larger than the thickness of the first stack 1510. Accordingly,
itis possible to optimize the micro-cavity of the light emitted
from the first stack 1510 and the second stack 1520, to
thereby improve the light-emission efliciency and the color
reproduction ratio, and to reduce the color change rate in the
OLED apparatus 2000.

[0188] FIG. 6 is a table showing the light-emission effi-
ciency in the OLED apparatus according to the second
embodiment of the present disclosure and OLED appara-
tuses according to comparative examples. FIG. 7A is a graph
showing the color change rate in the OLED apparatus
according to the second embodiment of the present disclo-
sure and OLED apparatuses according to comparative
examples. FIG. 7B is a graph showing the color reproduc-
tion ratio in the OLED apparatus according to the second
embodiment of the present disclosure and OLED appara-
tuses according to comparative examples.

[0189] In case of the second embodiment of FIGS. 6, 7A
and 7B, the thickness (T2) of the second stack 1520 is larger
than the thickness (T1) of the first stack 1510 (T1<T2) in the
OLED apparatus 2000 described in FIG. 5. Also, in case of
the second embodiment, assuming that the total thickness
(T) of the first and second stacks 1510 and 1520 is 100%, a
thickness ratio in the first and second stacks 1510 and 1520
is at T1:T2=32%:68%.

[0190] In case of the comparative example 4 of FIGS. 6,
7A and 7B, the thickness of the first stack 1510 is the same
as the thickness of the second stack 1520 (T1=T2). In detail,
in case of the comparative example 4, assuming that the total
thickness (T) of the first and second stacks 1510 and 1520
is 100%, a thickness ratio in the first and second stacks 1510
and 1520 is at T1:T2=50%:50%.

[0191] In case of the comparative example 5 of FIGS. 6,
7A and 7B, the thickness (T1) of the first stack 1510 is larger
than the thickness (T2) of the second stack 1520 (T1>T2).
Also, in case of the second embodiment, assuming that the
total thickness (T) of the first and second stacks 1510 and
1520 is 100%, a thickness ratio in the first and second stacks
1510 and 1520 is at T1:T2=68%:32%.

[0192] In the second embodiment, and the comparative
examples 4 and 5, the first stack 1510 includes at least one
organic layer having the light-emitting dopant for emitting
blue light, and the second stack 1520 includes at least one
organic layer having the light-emitting dopant for emitting
vellow-green light.

[0193] In the second embodiment of the present disclo-
sure, the thickness ratio in the thickness (T1) of the first
stack 1510 and the thickness (T2) of the second stack 1520
satisfies the condition of T1<T2, whereby it is possible to
optimize the micro-cavity of the light emitted from each of
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the stacks 1510 and 1520, thereby improving the light-
emission efficiency of the OLED apparatus 2000.

[0194] In detail, referring to FIG. 6, in comparison to the
second embodiment of the present disclosure, the compara-
tive example 4 wherein the thickness ratio in the thickness
(T1) of the first stack 1510 and the thickness (12) of the
second stack 1520 satisfies the condition of T1=T2 cannot
optimize the micro-cavity of the yellow-green light emitted
from the second stack 1520, whereby the red (R) light
efficiency, green (G) light efliciency, and white (W) light
efficiency are largely lowered.

[0195] Also, in comparison to the second embodiment of
the present disclosure, the comparative example 5 wherein
the thickness ratio in the thickness (T1) of the first stack
1510 and the thickness (T2) of the second stack 1520
satisfies the condition of T1>T2 cannot optimize the micro-
cavity of the yellow-green light emitted from the second
stack 1520, whereby the red (R) light efficiency, green (G)
light efficiency, and white (W) light efficiency are largely
lowered.

[0196] That is, in comparison to the second embodiment
of the present disclosure, the first emission layer 1510E
included in the first stack 1510, and the second emission
layer 1520E included in the second stack 1520 for the
comparative examples 4 and 5 are not disposed at the
corresponding positions for optimizing the micro-cavity
between the two electrodes 1400 and 1600, whereby the
light-emission efficiency of the OLED apparatus 2000 in
each of the comparative examples 4 and 5 is relatively lower
than the light-emission efficiency of the OLED apparatus
2000 according to the second embodiment of the present
disclosure.

[0197] FIG. 7Ais a graph showing the color change rate
in the OLED apparatus according to the second embodiment
of the present disclosure and OLED apparatuses according
to comparative examples 4 and 5.

[0198] Referring to FIG. 74, in case of the comparative
example 4, the color change rate is gradually increased
within the range of viewing angle from 0° to 60°, and the
value of Au'v' is about 0.115 when the viewing angle is at
60°. In case of the comparative example 5, the color viewing
angle is gradually increased within the range of viewing
angle from 0° to 60°, and the value of Au'v' is about 0.061
when the viewing angle is at 60°. That is, in case of the
comparative examples 4 and 5, the micro-cavity of the light
emitted from the first stack 1510 and the second stack 1520
is not optimized so that the color change is gradually
increased by the spectrum change of the emitted light in
accordance with the increase of viewing angle. As described
above, if the value of Au'v' is larger than 0.05 within the
range of viewing angle from 0° to 60°, a viewer discerns the
color difference in accordance with the viewing angle, to
thereby lower a picture quality of the OLED apparatus.

[0199] Meanwhile, in case of the second embodiment of
the present disclosure, the color change rate is barely
changed within the range of viewing angle from 0° to 60°,
and the value of Au'v' is about 0.012 when the viewing angle
1s at 60°, That 1s, in case of the second embodiment of the
present disclosure, the value of Au'v' is smaller than 0.05
within the range of viewing angle from 0° to 60°, so that it
is possible to reduce the color difference in accordance with
the viewing angle of the OLED apparatus, and furthermore
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to express a clear and realistic image. Accordingly, it is
possible to provide a display device appropriate for a
large-sized television.
[0200] FIG. 7B is a graph showing the color reproduction
ratio in the OLED apparatus according to the second
embodiment of the present disclosure and OLED appara-
tuses according to comparative examples 4 and 5. In detail,
FIG. 7B is the graph for explaining sRGB coverage.
[0201] Referring to FIG. 7B, ‘sRGB coverage’ of the
comparative exaniple 4 is about 92%, and ‘sRGB coverage’
of the comparative example 5 is about 98%. Meanwhile,
‘sSRGB coverage’ of the second embodiment of the present
disclosure is about 100%, that is, ‘sSRGB coverage’ of the
second embodiment of the present disclosure is improved in
comparison to that of the comparative examples 4 and 5.
That is, the second embodiment of the present disclosure has
the color gamut which is nearly similar to the area of
‘BT709” expressed by the dotted line, whereby the second
embodiment of the present disclosure may provide more
realistic and clearer image.
[0202] As described above, the thickness ratio in the first
stack and the second stack disposed between the reflection-
anode and the transparent-cathode is adjusted so as to obtain
the color reproduction ratio of 99% or more than 99% and
simultaneously to obtain the Au'v' value of 0.05 or less than
0.05 within the range of a viewing angle from 0° to 60° so
that it is possible to improve the light-emission efliciency
and the color reproduction ratio of the OLED apparatus, and
to reduce the color change rate of the OLED apparatus.
[0203] In the OLED apparatus according to the embodi-
ment of the present disclosure, the thickness ratio in the
plurality of stacks disposed between the reflection-anode
and the transparent-cathode is optimized so that it is possible
to improve the light-emission efficiency and the color repro-
duction ratio, and to reduce the color change rate.
[0204] According to the embodiment of the present dis-
closure, among the plurality of stacks, the thickness of the
stack disposed close to the cathode is relatively larger than
the thickness of the stack disposed close to the anode, so that
it is possible to improve the light-emission efficiency, to
improve the color reproduction ratio for ‘sRGB’, and to
reduce the color change rate of the light emitted via the
cathode from the plurality of stacks.
[0205] 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 scope of the
inventions. Thus, it is intended that the present disclosure
covers 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 display (OLED) apparatus
comprising:
a reflection-anode;
a transparent-cathode; and
a plurality of stacks between the reflection-anode and the
transparent-cathode, each stack containing one or more
functional layers related to organic light emissions,
wherein, among the plurality of stacks, a thickness of the
stack disposed relatively close to the transparent-cath-
ode is larger than a thickness of the stack disposed
relatively close to the reflection-anode.
2. The OLED apparatus according to claim 1, wherein the
plurality of stacks include:
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a first stack on the reflection-anode;

a first charge generation layer on the first stack, wherein
the first charge generation layer includes a first N-type
charge generation layer, and a first P-type charge gen-
eration layer;

a second stack on the first charge generation layer;

a second charge generation layer on the second stack,
wherein the second charge generation layer includes a
second N-type charge generation layer, and a second
P-type charge generation layer; and

a third stack on the second charge generation layer,

wherein, when T1 indicates a distance from an upper
surface of the reflection-anode to an interface between
the first N-type charge generation layer and the first
P-type charge generation layer, T2 indicates a distance
from the interface between the first N-type charge
generation layer and the first P-type charge generation
layer to an interface between the second N-type charge
generation layer and the second P-type charge genera-
tion layer, and T3 indicates a distance from the inter-
face between the second N-type charge generation
layer and the second P-type charge generation layer to
an upper surface of the transparent-cathode, the T1, T2
and T3 satisfy the following Equation 1,

13>12>11. [Equation 1]

3. The OLED apparatus according to claim 2, wherein,
assuming that the total thickness of T1, T2, and T3 is 100%,
T1 is within a range from 10% to 20%,
T2 is within a range from 30% to 40%, and
T3 is within a range from 45% to 60%.
4. The OLED apparatus according to claim 2,
wherein each of the first stack and the third stack includes
at least one organic layer having light-emitting dopant
for emitting blue light, and
the second stack includes at least one organic layer having
light-emitting dopant for emitting yellow-green light.
5. The OLED apparatus according to claim 2,
wherein each of the second stack and the third stack
includes at least one organic layer having light-emitting
dopant for emitting blue light, and
the first stack includes at least one organic layer having
light-emitting dopant for emitting yellow-green light.
6. The OLED apparatus according to claim 1, wherein
light is emitted from the plurality of stacks, and is emitted
through the transparent cathode,
wherein a thickness ratio in the plurality of stacks, is
adjusted so as to obtain a color reproduction ratio of
99% or more than 99% and simultaneously to obtain
Au'v' value of 0.05 or less than 0.05 within a range of
a viewing angle from 0° to 60°.
7. The OLED apparatus according to claim 6, wherein the
plurality of stacks include:
a first stack; and
a second stack between the first stack and the transparent
cathode,
wherein a thickness of the second stack is larger than a
thickness of the first stack.
8. The OLED apparatus according to claim 7,
wherein the plurality of stacks further include an N-type
charge generation layer and a P-type charge generation
layer between the first stack and the second stack,
a thickness of the first stack is a distance from an upper
surface of the reflection-anode to an interface between
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the N-type charge generation layer and the P-type
charge generation layer, and

a thickness of the second stack is a distance from the
interface between the N-type charge generation layer
and the P-type charge generation layer to an upper
surface of the transparent cathode.

9. The OLED apparatus according to claim 8, wherein,
assuming that the total thickness of the first stack and the
second stack is 100%,

the thickness of the first stack is within a range from 15%
to 35%, and

the thickness of the second stack is within a range from
65% to 85%.

10. The OLED apparatus according to claim 8,

wherein the first stack includes at least one organic layer
having light-emitting dopant for emitting blue light,
and

the second stack includes at least one organic layer having
light-emitting dopant for emitting yellow-green light.

11. The OLED apparatus according to claim 6, wherein
the plurality of stacks include:

a first stack closest to the reflection-anode;

a third stack closest to the transparent cathode; and

a second stack between the first stack and the third stack,

wherein a thickness of the third stack is larger than a
thickness of the first stack and a thickness of the second
stack, and

the thickness of the second stack is larger than the
thickness of the first stack.

12. The OLED apparatus according to claim 11, wherein

the plurality of stacks further include:

a first charge generation layer between the first stack and
the second stack, the first charge generation layer
having a first N-type charge generation layer and a first
P-type charge generation layer; and

a second charge generation layer between the second
stack and the third stack, the second charge generation
layer having a second N-type charge generation layer
and a second P-type charge generation layer,

wherein a thickness of the first stack corresponds to a
distance from an upper surface of the reflection-anode
to an interface between the first N-type charge genera-
tion layer and the first P-type charge generation layer,

a thickness of the second stack corresponds to a distance
from the interface between the first N-type charge
generation layer and the first P-type charge generation
layer to an interface between the second N-type charge
generation layer and the second P-type charge genera-
tion layer, and

a thickness of the third stack corresponds to a distance
from the interface between the second N-type charge
generation layer and the second P-type charge genera-
tion layer to an upper surface of the transparent cath-
ode.

13. The OLED apparatus according to claim 12, wherein,
assuming that the total thickness of the thickness of the first
stack, the thickness of the second stack, and the thickness of
the third stack is 100%,

the thickness of the first stack is within a range from 10%
0 20%,

the thickness of the second stack is within a range from
30% to 40%, and

the thickness of the third stack is within a range from 45%
to 60%.
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14. The OLED apparatus according to claim 12,

wherein each of the first stack and the third stack includes
at least one organic layer having light-emitting dopant
for emitting blue light, and

the second stack includes at least one organic layer having
light-emitting dopant for emitting yellow-green light.

15. The OLED apparatus according to claim 12,

wherein each of the second stack and the third stack
includes at least one organic layer having light-emitting
dopant for emitting blue light, and

the first stack includes at least one organic layer having
light-emitting dopant for emitting yellow-green light.

16. An organic light emitting display (OLED) apparatus
comptrising:

a reflection-anode, a transparent-cathode, and a plurality
of stacks between the reflection-anode and the trans-
parent-cathode, each stack containing one or more
functional layers related to organic light emissions,
wherein light is emitted from the plurality of stacks,
and is passed through the transparent-cathode,

wherein the plurality of stacks is configured to have a
thickness ratio that obtains a color reproduction ratio of
99% or more than 99% and simultaneously to obtain
Au'v' value of 0.05 or less than 0.05 within a range of
a viewing angle from 0° to 60°.

17. The OLED apparatus according to claim 16, wherein

the plurality of stacks include:

a first stack; and

a second stack between the first stack and the transparent-
cathode,

wherein a thickness of the second stack is larger than a
thickness of the first stack.

18. The OLED apparatus according to claim 17,

wherein the plurality of stacks further include an N-type
charge generation layer and a P-type charge generation
layer between the first stack and the second stack,

a thickness of the first stack is a distance from an upper
surface of the reflection-anode to an interface between
the N-type charge generation layer and the P-type
charge generation layer, and

a thickness of the second stack is a distance from the
interface between the N-type charge generation layer
and the P-type charge generation layer to an upper
surface of the transparent-cathode.

19. The OLED apparatus according to claim 18, wherein,
assuming that the total thickness of the first stack and the
second stack is 100%,

the thickness of the first stack is within a range from 15%
to 35%, and

the thickness of the second stack is within a range from
65% to 85%.

20. The OLED apparatus according to claim 18,

wherein the first stack includes at least one organic layer
having light-emitting dopant for emitting blue light,
and

the second stack includes at least one organic layer having
light-emitting dopant for emitting yellow-green light.
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21. The OLED apparatus according to claim 16, wherein
the plurality of stacks include:

a first stack closest to the reflection-anode;

a third stack closest to the transparent-cathode; and

a second stack between the first stack and the third stack,

wherein a thickness of the third stack is larger than a
thickness of the first stack and a thickness of the second
stack, and

the thickness of the second stack is larger than the
thickness of the first stack.

22. The OLED apparatus according to claim 21, wherein

the plurality of stacks further include:

a first charge generation layer between the first stack and
the second stack, the first charge generation layer
having a first N-type charge generation layer and a first
P-type charge generation layer; and

a second charge generation layer between the second
stack and the third stack, the second charge generation
layer having a second N-type charge generation layer
and a second P-type charge generation layer,

wherein a thickness of the first stack corresponds to a
distance from an upper surface of the reflection-anode
to an interface between the first N-type charge genera-
tion layer and the first P-type charge generation layer,

a thickness of the second stack corresponds to a distance
from the interface between the first N-type charge
generation layer and the first P-type charge generation
layer to an interface between the second N-type charge
generation layer and the second P-type charge genera-
tion layer, and

a thickness of the third stack corresponds to a distance
from the interface between the second N-type charge
generation layer and the second P-type charge genera-
tion layer to an upper surface of the transparent-
cathode.

23. The OLED apparatus according to claim 22, wherein,
assuming that the total thickness of the thickness of the first
stack, the thickness of the second stack, and the thickness of
the third stack is 100%,

the thickness of the first stack is within a range from 10%
to 20%,

the thickness of the second stack is within a range from
30% to 40%, and

the thickness of the third stack is within a range from 45%
to 60%.

24. The OLED apparatus according to claim 22,

wherein each of the first stack and the third stack includes
at least one organic layer having light-emitting dopant
for emitting blue light, and

the second stack includes at least one organic layer having
light-emitting dopant for emitting yellow-green light.

25. The OLED apparatus according to claim 22,

wherein each of the second stack and the third stack
includes at least one organic layer having light-emitting
dopant for emitting blue light, and

the first stack includes at least one organic layer having
light-emitting dopant for emitting yellow-green light.

L S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRIRBAA

EHA

IPCH XS
CPCHRF
R 54X

Hfth 237 STk
EING

BE@®F)

patsnap

BHRKAETREE
US20170084856A1 [ (r&)B 2017-03-23
US15/221434 FER 2016-07-27
FEERERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

KUM TAEIL

SONG KI WOOG
AHN SOYEON
CHOI YONGJOONG
LEE MINGYU

KUM, TAEIL

SONG, KI-WOO0G
AHN, SOYEON
CHOI, YONGJOONG
LEE, MINGYU

HO1L51/50 HO1L51/52

HO1L51/504 HO1L51/5218 HO1L2251/5315 H01L2251/558 HO1L51/5234 HO1L51/5265 HO1L51/5278

1020150132531 2015-09-18 KR

US10115924

Espacenet USPTO

—FOLEDRE , HABE RN , ERMRARMN RS ERSEARRZ
HWSN R Hi |, EATRS MRS | HBHNEERX FEATRHE
BiRE, EHAMMRATHENFELRFBRRENHEBNEE , £ETL
RACMNS A HEBRFTANE , MRS R AREBNHACHILEN
RENAREHEZLR,

160U



https://share-analytics.zhihuiya.com/view/9f93597b-5722-4835-acaf-7f5f8f93743a
https://worldwide.espacenet.com/patent/search/family/056551311/publication/US2017084856A1?q=US2017084856A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170084856%22.PGNR.&OS=DN/20170084856&RS=DN/20170084856

