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An organic light emitting diode includes a first electrode; a
hole auxiliary layer on the first electrode; a light emitting
material layer on the hole auxiliary layer and emitting white
light; an electron auxiliary layer on the light emitting
material layer; and a second electrode on the electron
auxiliary layer, wherein the light emitting material layer
includes a first light emitting material layer, a second light
emitting material layer and a third light emitting material
layer sequentially layered, and wherein the first light emit-
ting material layer includes an electron blocking material.
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ORGANIC LIGHT EMITTING DIODE AND
ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from and
the benefit under 35 US.C. § 119(a) of Korean Patent
Application No. 10-2016-0150542 filed on Nov. 11, 2016,
which is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Disclosure

[0002] The present disclosure relates to an organic light
emitting diode display device, and more particularly, to an
organic light emitting diode and an organic light emitting
diode display device including the same, which is capable of
lowering power consumption.

Discussion of the Related Art

[0003] Recently, flat panel displays have been widely
developed and applied to various fields because of their thin
profile, light weight, and low power consumption.

[0004] Among the flat panel displays, organic light emit-
ting diode (OLED) display devices, which may be referred
to as organic electroluminescent display devices, emit light
due to the radiative recombination of an exciton after
forming the exciton from an electron and a hole by injecting
charges into a light emitting layer between a cathode for
injecting electrons and an anode for injecting holes.
[0005] The OLED display devices include a flexible sub-
strate such as plastic; because they are self-luminous, the
OLED display devices have excellent contrast ratios; the
OLED display devices have a response time of several micro
seconds, and there are advantages in displaying moving
images; the OLED display devices have wide viewing
angles and are stable under low temperatures; since the
OLED display devices are driven by a low voltage of direct
current (DC) 5V to 15V, it is easy to design and manufacture
driving circuits; and the manufacturing processes of the
OLED display device are simple since only deposition and
encapsulation steps are required.

[0006] FIG. 1 is a view of illustrating a band diagram of
a related art OLED display device.

[0007] In FIG. 1, the OLED display device includes an
anode 1, a cathode 7 and a light emitting material layer 4
between the anode 1 and the cathode 7. A hole transporting
layer (HTL) 3 is disposed between the anode 1 and the light
emitting material layer 4 for injecting holes into the light
emitting material layer 4, and an electron transporting layer
(ETL) 5 is disposed between the cathode 7 and the light
emitting material layer 4 for injecting electrodes into the
light emitting material layer 4. At this time, to further
efficiently inject the holes and the electrons, a hole injecting
layer (HIL) 2 may be disposed between the anode 1 and the
hole transporting layer 3, and an electron injecting layer
(BIL) 6 may be disposed between the cathode 7 and the
electron transporting layer S.

[0008] In the OLED display device having the above-
mentioned structure, a hole (+) injected into the light emit-
ting material layer 4 through the hole injecting layer 2 and
the hole transporting layer 3 from the anode 1 is combined
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with an electron (=) injected into the light emitting material
layer 4 through the electron injecting layer 6 and the electron
transporting layer 5 from the cathode 7, whereby an exciton
8 is generated and light is emitted from the exciton 8. Here,
the light has a color corresponding to a band gap of the light
emitting material layer 4.

[0009] The light emitting material layer 4, the hole inject-
ing layer 2, the hole transporting layer 3, the electron
transporting layer 5 and the electron injecting layer 6 are
formed by a vacuum thermal evaporation method, in which
an organic material is selectively deposited using a fine
metal mask.

[0010] By the way, the evaporation method increases
manufacturing costs due to preparation of the mask, and it
is difficult to apply the evaporation method to a display
device with a large size and high resolution because of
production deviation, sagging and a shadow effect of the
mask.

[0011] Meanwhile, the OLED display device is applied to
various products such as flexible displays and transparent
displays as well as mobile devices and televisions. To use the
products for a long time, it is needed to decrease power
consumption.

SUMMARY OF THE INVENTION

[0012] Accordingly, the present disclosure is directed to
an organic light emitting diode and an organic light emitting
diode display device including the same that substantially
obviate one or more of the problems due to limitations and
disadvantages of the related art.

[0013] An object of the present disclosure is to provide an
organic light emitting diode and an organic light emitting
diode display device including the same having a large size
and a high definition.

[0014] Another object of the present disclosure is to
decrease manufacturing costs of an organic light emitting
diode and an organic light emitting diode display device
including the same.

[0015] Another object of the present disclosure is to lower
power consumption of an organic light emitting diode and an
organic light emitting diode display device including the
same.

[0016] Additional features and advantages of the present
disclosure will be set forth in the description which follows,
and in part will be apparent from the description, or may be
learned by practice of the present disclosure. The objectives
and other advantages of the present disclosure will be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0017] To achieve these and other advantages and in
accordance with the purpose of the present disclosure, as
embodied and broadly described herein, there is provided a
organic light emitting diode including a first electrode; a
hole auxiliary layer on the first electrode; a light emitting
material layer on the hole auxiliary layer and emitting white
light; an electron auxiliary layer on the light emitting
material layer; and a second electrode on the electron
auxiliary layer, wherein the light emitting material layer
includes a first light emitting material layer, a second light
emitting material layer and a third light emitting material
layer sequentially layered, and wherein the first light emit-
ting material layer includes an electron blocking material.



US 2018/0138435 Al

[0018] In another aspect, an organic light emitting diode
display device includes a substrate on which red, green, blue
and white pixel regions are defined; a first electrode in each
pixel region on the substrate; a light emitting layer on the
first electrode and including red, green, blue and white light
emitting material layers disposed in the red, green, blue and
white pixel regions, respectively; and a second electrode on
the light emitting layer, wherein the white light emitting
material layer includes a first light emitting material layer, a
second light emitting material layer and a third light emitting
material layer sequentially layered, and wherein the first
light emitting material layer includes an electron blocking
material.

[0019] It is to be understood that both the foregoing
general description and the following detailed description
are by example and explanatory and are intended to provide
further explanation of the present disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included
to provide a further understanding of the present disclosure
and which are incorporated in and constitute a part of this
specification, illustrate embodiments of the present disclo-
sure and together with the description serve to explain the
principles of the present disclosure. In the drawings:
[0021] FIG. 1 is a view of illustrating a band diagram of
a related art OLED display device.

[0022] FIG. 2 is a circuit diagram of one pixel region of an
OLED display device according to an embodiment of the
present disclosure.

[0023] FIG. 3 is a cross-sectional view of an OLED
display device according to the embodiment of the present
disclosure.

[0024] FIG. 4 is a cross-sectional view of an OLED
display device according to a first embodiment of the present
disclosure.

[0025] FIGS. 5A and 5B are pictures showing the light
emitting material layer and an emission image in the white
pixel region of the OLED display device according to the
first embodiment of the present disclosure.

[0026] FIG. 6 is a cross-sectional view of an OLED
display device according to a second embodiment of the
present disclosure.

[0027] FIGS. 7A and 7B are pictures showing the light
emitting material layer and an emission image in the white
pixel region of the OLED display device according to the
second embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0028] Reference will now be made in detail to embodi-
ments of the disclosure, examples of which are illustrated in
the accompanying drawings.

[0029] FIG. 2 is a circuit diagram of one pixel region of an
OLED display device according to an embodiment of the
present disclosure.

[0030] In FIG. 2, the OLED display device according to
the embodiment of the present disclosure includes a gate line
GL, a data line DL, a switching thin film transistor Ts, a
driving thin film transistor Td, a storage capacitor Cst and a
light emitting diode D. The gate line GL. and the data line DL
cross each other to define a pixel region P. The switching
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thin film transistor Ts, the driving thin film transistor Td, the
storage capacitor Cst and the light emitting diode D are
formed in the pixel region P.

[0031] More particularly, a gate electrode of the switching
thin film transistor Ts is connected to the gate line GL and
a source electrode of the switching thin film transistor Ts is
connected to the data line DL. A gate electrode of the driving
thin film transistor Td is connected to a drain electrode of the
switching thin film transistor Ts, and a source electrode of
the driving thin film transistor Td is connected to a high
voltage supply VDD. An anode of the light emitting diode D
is connected to a drain electrode of the driving thin film
transistor Td, and a cathode of the light emitting diode D is
connected to a low voltage supply VSS. The storage capaci-
tor Cst is connected to the gate electrode and the drain
electrode of the driving thin film transistor Td.

[0032] The OLED display device is driven to display an
image. For example, when the switching thin film transistor
Ts is turned on by a gate signal applied through the gate line
GL, a data signal from the data line DL is applied to the gate
electrode of the driving thin film transistor Td and an
electrode of the storage capacitor Cst through the switching
thin film transistor Ts. When the driving thin film transistor
Td is turned on by the data signal, an electric current flowing
through the light emitting diode D is controlled, thereby
displaying an image. The light emitting diode D emits light
due to the current supplied through the driving thin film
transistor Td from the high voltage supply VDD.

[0033] Namely, the amount of the current flowing through
the light emitting diode D 1is proportional to the magnitude
of the data signal, and the intensity of light emitted by the
light emitting diode D is proportional to the amount of the
current flowing through the light emitting diode D. Thus, the
pixel regions P show different gray levels depending on the
magnitude of the data signal, and as a result, the OLED
display device displays an image.

[0034] In addition, the storage capacitor Cst maintains
charges corresponding to the data signal for a frame when
the switching thin film transistor Ts is turned off. Accord-
ingly, even if the switching thin film transistor Ts is turned
off, the storage capacitor Cst allows the amount of the
current flowing through the light emitting diode D to be
constant and the gray level shown by the light emitting diode
D to be maintained until a next frame.

[0035] FIG. 3 is a cross-sectional view of an OLED
display device according to the embodiment of the present
disclosure and shows one pixel region.

[0036] As shown in FIG. 3, in one pixel region of the
OLED display device according to the embodiment, a semi-
conductor layer 122 is formed on an insulating substrate 110.
The substrate 110 can be a glass substrate or a plastic
substrate.

[0037] The semiconductor layer 122 can be formed of an
oxide semiconductor material. In addition, the OLED dis-
play device including the semiconductor layer 122 formed
of an oxide semiconductor material can include a light-
blocking pattern and a buffer layer formed under the semi-
conductor layer 122. The light-blocking pattern blocks light
from the outside or light emitted from a light emitting diode
to prevent the semiconductor layer 122 from being degraded
by the light. Alternatively, the semiconductor layer 122 can
be formed of polycrystalline silicon, and in this instance, a
buffer layer can be formed between the substrate 110 and the
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semiconductor layer 122. Additionally, impurities can be
doped in both ends of the semiconductor layer 122.

[0038] A gate insulating layer 130 of an insulating mate-
rial is formed on the semiconductor layer 122 over substan-
tially all of the substrate 110. The gate insulating layer 130
can be formed of an inorganic insulating material such as
silicon oxide (S8i0,). When the semiconductor layer 122 is
formed of polycrystalline silicon, the gate insulating layer
130 can be formed of at least one of silicon oxide (Si0O,) and
silicon nitride (SiNx).

[0039] A gate electrode 132 of a conductive material such
as metal can be formed on the gate insulating layer 130 to
correspond to the semiconductor layer 122. In addition, a
gate line and a first capacitor electrode can be formed on the
gate insulating layer 130. The gate line extends in a first
direction, and the first capacitor electrode can be connected
to the gate electrode 132.

[0040] Here, the OLED display device according to the
embodiment of the present disclosure includes the gate
insulating layer 130 formed over substantially all of the
substrate 110. Alternatively, the gate insulating layer 130 can
be patterned to have the same shape as the gate electrode
132.

[0041] An inter insulating layer 140 of an insulating
material is formed on the gate electrode 132 over substan-
tially all of the substrate 110. The inter insulating layer 140
can be formed of an inorganic insulating material such as
silicon oxide (Si0,) and silicon nitride (SiNx) or an organic
insulating material such as benzocyclobutene and photo
acryl.

[0042] The inter insulating layer 140 includes first and
second contact holes 140a and 1405 exposing top surfaces
of both sides of the semiconductor layer 122. The first and
second contact holes 140a and 1405 are spaced apart from
the gate electrode 132, and the gate electrode 132 is disposed
between the first and second contact holes 140a and 1404.
The first and second contact holes 140a and 1405 are also
formed in the gate insulating layer 130. Alternatively, when
the gate insulating layer 130 is patterned to have the same
shape as the gate electrode 132, the first and second contact
holes 140a and 1405 are formed only in the inter insulating
layer 140.

[0043] A source electrode 152 and a drain electrode 154 of
a conductive material such as metal are formed on the inter
insulating layer 140. In addition, a data line, a power supply
line and a second capacitor electrode can be formed on the
inter insulating layer 140. The data line and the power
supply line extend in a second direction.

[0044] The source and drain electrodes 152 and 154 are
spaced apart from each other with respect to the gate
electrode 132. The source and drain electrodes 152 and 154
contact both sides of the semiconductor layer 122 through
the first and second contact holes 140a and 1405, respec-
tively. The data line can cross the gate line to define a pixel
region. In addition, the power supply line can be spaced
apart from the data line. The second capacitor electrode can
be connected to the drain electrode 154 and can overlap the
first capacitor electrode to form a storage capacitor with the
inter insulating layer 140 therebetween as a dielectric sub-
stance.

[0045] In the OLED display device, a thin film transistor
includes the semiconductor layer 122, the gate electrode
132, the source electrode 152 and the drain electrode 154.
The thin film transistor can have a coplanar structure where
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the gate electrode 132 and the source and drain electrodes
152 and 154 are disposed at sides of the semiconductor layer
122, over the semiconductor layer 122.

[0046] Alternatively, the thin film transistor can have an
inverted staggered structure where the gate electrode is
disposed under the semiconductor layer and the source and
drain electrodes are disposed over the semiconductor layer.
In this instance, the semiconductor layer can be formed of
amorphous silicon.

[0047] In addition, the thin film transistor can be a driving
thin film transistor of the OLED display device. A switching
thin film transistor can have the same structure as the driving
thin film transistor formed over the substrate 110. At this
time, the gate electrode 132 of the driving thin film transistor
is connected to a drain electrode of the switching thin film
transistor, and the source electrode 152 of the driving thin
film transistor is connected to the power supply line. Also,
the gate electrode and the source electrode of the switching
thin film transistor are connected to the gate line and the data
line, respectively.

[0048] A passivation layer 160 of an insulating material is
formed on the source and drain electrodes 152 and 154 over
substantially all of the substrate 110. The passivation layer
150 can be formed of an inorganic insulating material such
as silicon oxide (Si0,) and silicon nitride (SiNX) or an
organic insulating material such as benzocyclobutene and
photo acryl. The passivation layer 160 can have a flat top
surface.

[0049] The passivation layer 160 has a contact hole 160a
exposing the drain electrode 154. In FIG. 3, although the
drain contact hole 160a is formed directly over the second
contact hole 1404, the drain contact hole 160a can be spaced
apart from the second contact hole 1404.

[0050] A first electrode 162 of a conductive material
having a relatively high work function is formed on the
passivation layer 160. The first electrode 162 is disposed in
each pixel region and contacts the drain electrode 154
through the drain contact hole 160a. For example, the first
electrode 162 can be formed of a transparent conductive
material such as indium tin oxide (ITO) and indium zinc
oxide (IZ0).

[0051] A bank 170 of an insulating material is formed on
the first electrode 162. The bank 170 is disposed between
adjacent pixel regions and has a transmissive hole 170a
exposing the first electrode 162. The bank layer 170 covers
edges of the first electrode 162.

[0052] The bank 170 includes a first bank 172 and a
second bank 174 on the first bank 172, and the first bank 172
has a wide width than the second bank 174. The first bank
172 can be formed of a material having relatively high
surface energy to decrease a contact angle with a material of
a light emitting layer formed later. The second bank 174 can
be formed of a material having relatively low surface energy
to increase a contact angle with the material of the light
emitting layer formed later such that the material of the light
emitting layer is prevented from overflowing into a next
pixel region. For example, the first bank 172 can be formed
of an inorganic insulating material or an organic insulating
material having a hydrophilic property, and the second bank
174 can be formed of an organic insulating material having
a hydrophobic property.

[0053] Alternatively, the first bank 172 and the second
bank 174 can be formed of the same material and form one
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body. In this instance, the first bank 174 and the second bank
174 can be formed of an organic insulating material having
a hydrophobic property.

[0054] On the other hand, the bank can have a single-
layered structure of an organic insulating material having a
hydrophobic property.

[0055] A light emitting layer 180 is formed on the first
electrode 162 exposed by the transmissive hole 170a of the
bank 170. The light emitting layer 180 can be formed
through a solution process. A printing method or a coating
method using an injection apparatus including a plurality of
nozzles, not limited to this, can be used as the solution
process. For example, an inkjet printing method can be used
as the solution process.

[0056] The light emitting layer 180 can include a hole
auxiliary layer, a light-emitting material layer and an elec-
tron auxiliary layer sequentially layered on the first electrode
162. The hole auxiliary layer can include at least one of a
hole injecting layer and a hole transporting layer, and the
electron auxiliary layer can include at least one of an
electron transport layer and an electron injecting layer.

[0057] Here, the hole auxiliary layer and the light-emitting
material layer can be formed only in the transmissive hole
170a, and the electron auxiliary layer can be formed over
substantially all of the substrate 110. In this instance, the
hole auxiliary layer and the light-emitting material layer can
be formed through the solution process, and the electron
auxiliary layer can be formed through a vacuum thermal
evaporation process.

[0058] A second electrode 192 of a conductive material
having relatively low work function is formed on the light
emitting layer 180 over substantially all of the substrate 110.
Here, the second electrode 192 can be formed of aluminum
(Al), magnesium (Mg), silver (Ag) or their alloy.

[0059] The first electrode 162, the light emitting layer 180
and the second electrode 192 constitute a light emitting
diode D. The first electrode 162 functions as an anode, and
the second electrode 192 serves as a cathode.

[0060] An encapsulation film can be formed on the second
electrode 192 to prevent moisture from the outside from
permeating into the light emitting diode D. For example, the
encapsulation film can have a structure of a first inorganic
insulating layer, an organic insulating layer and a second
inorganic insulating layer sequentially layered and is not
limited to this.

[0061] Here, the OLED display device according to the
embodiment can be a bottom emission type where light

emitted from the light emitting layer 180 is outputted to the
outside through the first electrode 162.

[0062] Alternatively, the OLED display device according
to the embodiment can be a top emission type where light
emitted from the light emitting layer 180 is outputted to the
outside through the second electrode 192. At this time, the
first electrode 162 further includes a reflective layer of an
opaque conductive material. For example, the reflective
layer can be formed of aluminum-palladium-copper (APC)
alloy, and the first electrode 162 can have a triple-layered
structure of ITO/APC/ITO. In addition, the second electrode
192 can have a relatively thin thickness such that light is
transmitted therethrough. At this time, the transmittance of
the second electrode 192 can be about 45 to 50%.
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First Embodiment

[0063] FIG. 4 is a cross-sectional view of an OLED
display device according to a first embodiment of the present
disclosure and shows one pixel region.

[0064] In FIG. 4, red, green, blue and white pixel regions
Pr, Pg, Pb and Pw are defined on a substrate 110. The red,
green, blue and white pixel regions Pr, Pg, Pb and Pw
correspond to red, green, blue and white sub pixels, respec-
tively, and the red, green, blue and white sub pixels consti-
tute a pixel. A light emitting diode D is disposed in each
pixel region Pr, Pg, Pb and Pw. The light emitting diode D
includes a first electrode 162, a light emitting layer 180 and
asecond electrode 192. The light emitting layer 180 includes
a hole injecting layer (HIL) 182, a hole transporting layer
(HTL) 184, a light emitting material layer 186, and an
electron transporting layer (ETL) 188.

[0065] More particularly, the first electrode 162 is formed
in each of the red, green, blue and white pixel regions Pr, Pg,
Pb and Pw as an anode. In the figure, although the first
electrodes 162 in the red, green, blue and white pixel regions
Pr, Pg, Pb and Pw are connected to each other, the first
electrodes 162 in the red, green, blue and white pixel regions
Pr, Pg, Pb and Pw are separated from each other.

[0066] The first electrode 162 can be formed of a trans-
parent conductive material such as indium tin oxide (ITO)
and indium zinc oxide (IZ0).

[0067] The hole injecting layer 182 is formed on the first
electrode 162. The hole injecting layer 182 can be formed
through a solution process. The hole injecting layer 182 can
be separated by the red, green, blue and white pixel regions
Pr, Pg, Pb and Pw. Alternatively, the hole injecting layer 182
in one pixel region Pr, Pg, Pb and Pw can be connected to
another hole injecting layer 182 in a next pixel region Pr, Pg,
Pb and Pw to form one body.

[0068] For example, the hole injecting layer 182 can be
formed of at least one selected from, but is not limited to, a
material group including arylamine based materials such as
NATA (4,4',4"-Tris(N,N-diphenyl-amino)triphenylamine),
2T-NATA (4,4'4"-tris (N-(2-naphthyl)-N-phenylamino )tri-
phenylamine) and NPNPB (N,N'-diphenyl-N,N'-di-[4-(N,N-
diphenyl-amino)phenyl]benzidine); and p-doped materials
such as F4-TCNQ (2,3,5,6-Tetrafluoro-7,7,8,8-tetracyano-
quinodimethane) and PPDN (pyrazino(2,3-f)[1,10]phenan-
throline-2,3-dicarbonitrile).

[0069] The hole transporting layer 184 is formed on the
hole injecting layer 182. The hole transporting layer 184 can
be formed through a solution process. The hole transporting
layer 184 can be separated by the red, green, blue and white
pixel regions Pr, Pg, Pb and Pw. Alternatively, the hole
transporting layer 184 in one pixel region Pr, Pg, Pb and Pw
can be connected to another hole transporting layer 184 in a
next pixel region Pr, Pg, Pb and Pw to form one body.
[0070] For instance, the hole transporting layer 184 can be
formed of one selected from, but is not limited to, a material
group including arylamine based materials, starbust aro-
matic amine based materials, spiro-ladder type materials,
NPD (N,N-dinaphthyl-N,N'-diphenyl benzidine), s-TAD
(2,2',7,7"-tetrakis-(N,N-diphenylamino)-9,9-spirobifluoren),
and MTDATA (4,4'4"-tris (N-3-methylphenyl-N-phenyl-
amino)-triphenylamine).

[0071] The arylamine based materials can include TPD
(N,N'-bis-(3-methylphenyl)-N,N'-bis-(phenyl)-benzidine),
PPD, TTBND, FFD, p-dmDPS and TAPC. The starburst
aromatic amine based materials can include TCTA,
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PTDATA, TDAPB, TDBA, 4-a and TCTA. The spiro-ladder
type materials can include spiro-TPD (N,N'-Bis(3-methyl-
pheny!)-N.N'-bis(pheny1)-2,7-diamino-9,9-spirobifluorene),
spiro-mTTB (2,2',7,7'-Octa(m-tolylamine)-9,9-spirobifluo-
rene) and spiro-2.

[0072] The hole injecting layer 182 and the hole trans-
porting layer 184 constitute a hole auxiliary layer.

[0073] The light emitting material layer 186 is formed on
the hole transporting layer 184. The light emitting material
layer 186 can be formed through a solution process. The
light emitting material layer 186 includes a red light emitting
material layer 186a. a green light emitting material layer
1865, a blue light emitting material layer 186¢ and a white
light emitting material layer 186d corresponding to the red,
green, blue and white pixel regions Pr, Pg, Pb and Pw,
respectively. The red, green and blue light emitting material
layers 1864, 1865 and 186¢ include red, green and blue light
emitting materials R, G and B emitting red, green and blue,
respectively.

[0074] The white light emitting material layer 1864
includes first, second and third light emitting material layers
187a, 187b and 187c¢ sequentially layered on the hole
transporting layer 184. Each of the first, second and third
light emitting material layers 187a, 1876 and 187¢ can
include one of red, green and blue light emitting materials.
The materials of the first, second and third light emitting
material layers 187a, 1875 and 187¢ can be different from
each other. For example, as shown in FIG. 4, the first, second
and third light emitting material layers 187a, 187b and 187¢
of the white light emitting material layer 1864 can include
red, green and blue light emitting materials R, G and B,
respectively. Here, to implement white light having a pre-
determined color temperature, it is beneficial that a thickness
of the second light emitting material layer 1875 is larger than
a thickness of the first light emitting material layer 1874 and
is smaller than a thickness of the third light emitting material
layer 187c.

[0075] For instance, in the white pixel region Pw, the first
light emitting material layer 187« is formed by dropping one
drop of a first solution including a red light emitting material
and drying the first solution, the second light emitting
material layer 1875 thicker than the first light emitting
material layer 187a is formed on the first light emitting
material layer 187a by dropping seven drops of a second
solution including a green light emitting material and drying
the second solution, and the third light emitting material
layer 187¢ thicker than the second light emitting material
layer 1875 is formed on the second light emitting material
layer 1875 by dropping twenty drops of a third solution
including a blue light emitting material and drying the third
solution. Accordingly, the first light emitting material layer
187a can have the thickness of about 3 nm, the second light
emitting material layer 1875 can have the thickness of about
20 nm, and the third light emitting material layer 187¢ can
have the thickness of about 50 nm. However, the number of
dropping a solution and the thickness of a light emitting
material layer are not limited to these and can be changed
according to a concentration of the solution.

[0076] The first, second and third light emitting material
layers 1874, 1876 and 187¢ can be formed together in steps
of forming the red, green and blue light emitting material
layers 186a, 1865 and 186¢, respectively.

[0077] Here, the red light emitting material can be formed
of a host material, which includes at least one of a carbazole
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material such as CBP (carbazole biphenyl) and mCP (1,3-
bis(carbazol-9-v1)); fluorene; and acridine containing an
alkyl group, and a dopant material, which contains at least
one selected from a phosphorescent material group includ-
ing PIQIr(acac)(bis(1-phenylisoquinoline)acetylacetonate
iridium), PQIr(acac)(bis (1-phenylquinoline)acetylacetonate
iridium), PQIr(tris(1-phenylquinoline)iridium), and PtOEP
(octaethylporphyrin platinum). Alternatively, the red light
emitting material can be formed of a fluorescent material
including PBD:Eu(DBM)3(Phen), Perylene, and so on, as
the dopant material. However, the red light emitting material
is not limited to these. The host and the dopant of the red
light emitting material can be connected to each other,
thereby forming one type of a monomer, an oligomer and a
polymer.

[0078] In addition, the green light emitting material can be
formed of a host material, which includes at least one of a
carbazole material such as CBP (carbazole biphenyl) and
mCP (1,3-bis(carbazol-9-yl)); fluorene; and acridine con-
taining an alkyl group, and a dopant material, which con-
tains a phosphorescent material including Ir(ppy)3(fac tris
(2-phenylpyridine)iridium), and so on. Alternatively, the
green light emitting material can be formed of a fluorescent
material including  Alg3(tris(8-hydroxyquinolino)alumi-
num), and so on, as the dopant material. However, the green
light emitting material is not limited to these. The host and
the dopant of the green light emitting material can be
connected to each other, thereby forming one type of a
monomer, an oligomer and a polymer.

[0079] Meanwhile, the blue light emitting material can be
formed of a host material, which includes at least one of a
carbazole material such as CBP (carbazole biphenyl) and
mCP (1,3-bis(carbazol-9-yl)); fluorene; and acridine con-
taining an alkyl group, and a dopant material, which con-
tains a phosphorescent material including (4,6-F2ppy)
2Irpic, and so on. Alternatively, the blue light emitting
material can be formed of a fluorescent material, which
contains at least one selected from a material group includ-
ing anthracene, spiro-DPVBI, spiro-6P, distyryl benzene
(DSB), distyryl arylene (DSA), PFO-based polymer and
PPV-based polymer, as the dopant material. However, the
blue light emitting material is not limited to these. The host
and the dopant of the blue light emitting material can be
connected to each other, thereby forming one type of a
monomer, an oligomer and a polymer.

[0080] Next, the electron transporting layer 188 is formed
on the light emitting material layer 186. The electron trans-
porting layer 188 can be formed through a solution process.
The electron transporting layer 188 can be separated by the
red, green, blue and white pixel regions Pr, Pg, Pb and Pw.
Alternatively, the electron transporting layer 188 in one
pixel region Pr, Pg, Pb and Pw can be connected to another
electron transporting layer 188 in a next pixel region Pr, Pg,
Pb and Pw to form one body.

[0081] For example, the electron transporting layer 188
can be formed of at least one selected from a material group
including Alq3 (tris(8-hydroxyquinolino)aluminum), PBD,
TAZ, spiro-PBD, BAlq, and SAlg, but is not limited to these.
[0082] The second electrode 192 is formed on the electron
transporting layer 188 as a cathode. The second electrode
192 can be formed through a deposition process. The second
electrode 192 in one pixel region Pr, Pg, Pb and Pw can be
connected to another second electrode 192 in a next pixel
region Pr, Pg, Pb and Pw to form one body.
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[0083] For instance, the second electrode 192 can be
formed of. but is not limited to, one of aluminum (Al),
magnesium (Mg) and alloy of aluminum and magnesium
(AIMg).

[0084] In the meantime, to inject electrons well, an elec-
tron injecting layer can be formed between the electron
transporting layer 188 and the second electrode 192. The
electron transporting layer 188 and the electron injecting
layer can constitute an electron auxiliary layer.

[0085] Like this, in the OLED display device according to
the first embodiment, since the light emitting material layer
186 can be formed through the solution process, which is
applicable to a relatively small area, the manufacturing costs
can be reduced due to a decrease in the number of the
evaporation processes, and an OLED display device having
a large size and high definition can be produced.

[0086] Moreover, because one pixel further includes the
white sub pixel emitting the white light in addition to the red,
green and blue sub pixels, the power consumption can be
lowered.

[0087] By the way, in the OLED display device according
to the first embodiment, when the thickness of the first light
emitting material layer 187a in the white pixel region Pw is
too thin, an emission problem can be caused.

[0088] FIGS. 5A and 5B are pictures showing the light
emitting material layer and an emission image in the white
pixel region of the OLED display device according to the
first embodiment of the present disclosure.

[0089] As shown in FIG. 5A, in the OLED display device
according to the first embodiment, when the thickness of the
first light emitting material layer 187a in the white pixel
region Pw is too thin, a drop amount of a solution necessary
for the first light emitting material layer 187a is very small,
and thus the dropped solution cannot be uniformly spread in
the white pixel region Pw.

[0090] Accordingly, the first light emitting material layer
187a 1s not uniformly formed in the white pixel region Pw,
and as shown in FIG. 5B, the emission image is not uniform
in the white pixel region Pw.

Second Embodiment

[0091] In a second embodiment of the present disclosure,
a first light emitting material layer is formed in a white pixel
region, and thus performance of a device can be improved.
[0092] FIG. 6 is a cross-sectional view of an OLED
display device according to a second embodiment of the
present disclosure and shows one pixel region.

[0093] In FIG. 6, red, green, blue and white pixel regions
Pr, Pg, Pb and Pw are defined on a substrate 210. The red,
green, blue and white pixel regions Pr, Pg, Pb and Pw
correspond to red, green, blue and white sub pixels, respec-
tively, and the red, green, blue and white sub pixels consti-
tute a pixel. A light emitting diode D is disposed in each
pixel region Pr, Pg, Pb and Pw. The light emitting diode D
includes a first electrode 262, a light emitting layer 280 and
asecond electrode 292. The light emitting layer 280 includes
a hole injecting layer (HIL) 282, a hole transporting layer
(HTL) 284, a light emitting material layer 286, and an
electron transporting layer (ETL) 288.

[0094] More particularly, the first electrode 262 is formed
in each of the red, green, blue and white pixel regions Pr, Pg,
Pb and Pw as an anode. In the figure, although the first
electrodes 262 in the red, green, blue and white pixel regions
Pr, Pg, Pb and Pw are connected to each other, the first
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electrodes 262 in the red, green, blue and white pixel regions
Pr, Pg, Pb and Pw are separated from each other.

[0095] The first electrode 262 can be formed of a trans-
parent conductive material such as indium tin oxide (ITQO)
and indium zinc oxide (IZ0).

[0096] The hole injecting layer 282 is formed on the first
electrode 262. The hole injecting layer 282 can be formed
through a solution process. The hole injecting layer 282 can
be separated by the red, green, blue and white pixel regions
Pr, Pg, Pb and Pw. Alternatively, the hole injecting layer 282
in one pixel region Pr, Pg, Pb and Pw can be connected to
another hole injecting layer 282 in a next pixel region Pr, Pg,
Pb and Pw to form one body.

[0097] For example, the hole injecting layer 282 can be
formed of at least one selected from, but is not limited to, a
material group including arylamine based materials such as
NATA  (4,4',4"-Tris(N,N-diphenyl-amino)triphenylamine),
2T-NATA (4,4'4"-tris (N-(2-naphthyl)-N-phenylamino)tri-
phenylamine) and NPNPB (N,N'-diphenyl-N,N'-di-[4-(N,N-
diphenyl-amino)phenyl]benzidine); and p-doped materials
such as F4-TCNQ (2,3,5,6-Tetrafluoro-7,7,8,8-tetracyano-
quinodimethane) and PPDN (pyrazino(2,3-f)[1,10]phenan-
throline-2,3-dicarbonitrile).

[0098] The hole transporting layer 284 is formed on the
hole injecting layer 282. The hole transporting layer 284 can
be formed through a solution process. The hole transporting
layer 284 can be separated by the red, green, blue and white
pixel regions Pr, Pg, Pb and Pw. Alternatively, the hole
transporting layer 284 in one pixel region Pr, Pg, Pb and Pw
can be connected to another hole transporting layer 284 in a
next pixel region Pr, Pg, Pb and Pw to form one body.
[0099] For instance, the hole transporting layer 284 can be
formed of one selected from, but is not limited to, a material
group including arylamine based materials, starbust aro-
matic amine based materials, spiro-ladder type materials,
NPD (N,N-dinaphthyl-N,N'-diphenyl benzidine), s-TAD
(2,2',7,7"-tetrakis-(N,N-diphenylamino)-9,9-spirobifluoren),
and MTDATA (4,4'4"-tris (N-3-methylphenyl-N-phenyl-
amino)-triphenylamine).

[0100] The arylamine based materials can include TPD
(N,N'-bis-(3-methylphenyl)-N,N'-bis-(phenyl)-benzidine),
PPD, TTBND, FFD, p-dmDPS and TAPC. The starburst
aromatic amine based materials can include TCTA,
PTDATA, TDAPB, TDBA, 4-a and TCTA. The spiro-ladder
type materials can include spiro-TPD (N,N'-Bis(3-methyl-
phenyl)-N N'-bis(pheny1)-2,7-diamino-9,9-spirobifluorene),
spiro-mTTB (2,2',7,7'-Octa(m-tolylamine)-9,9-spirobifluc-
rene) and spiro-2.

[0101] The hole injecting layer 282 and the hole trans-
porting layer 284 constitute a hole auxiliary layer.

[0102] The light emitting material layer 286 is formed on
the hole transporting layer 284. The light emitting material
layer 286 can be formed through a solution process. The
light emitting material layer 286 includes a red light emitting
material layer 286a, a green light emitting material layer
286b, a blue light emitting material layer 286¢ and a white
light emitting material layer 2864 corresponding to the red,
green, blue and white pixel regions Pr, Pg, Pb and Pw,
respectively. The red, green and blue light emitting material
layers 2864, 2865 and 286¢ include red, green and blue light
emitting materials R, G and B emitting red, green and blue,
respectively.

[0103] The white light emitting material layer 2864
includes first, second and third light emitting material layers
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287a, 287b and 287¢ sequentially layered on the hole
transporting layer 284. Each of the first, second and third
light emitting material layers 287a, 287 and 287¢ can
include one of red, green and blue light emitting materials.
The materials of the first, second and third light emitting
material layers 2874, 2875 and 287¢ can be different from
each other. For example, as shown in FIG. 6, the first, second
and third light emitting material layers 287a, 2875 and 287¢
of the white light emitting material layer 286d can include
red, green and blue light emitting materials R, G and B,
respectively. Here, the first light emitting material layer
287a further includes an electron blocking material (EBM).
The electron blocking material has relatively high triplet
energy (T1). Therefore, the electron blocking material
blocks excitons and prevents electrons from flowing into the
hole transporting layer 274 and the hole injecting layer 282.
In the first light emitting material layer 276a, the content (or
the amount) of the electron blocking material can be equal
to or more than the content (or the amount) of the light
emitting material of the first light emitting material layer
287a, for example, the content of the red light emitting
material.

[0104] Meanwhile, to implement white light having a
predetermined color temperature, it is beneficial that a
thickness of the second light emitting material layer 2875 is
equal to or larger than a thickness of the first light emitting
material layer 287a and is smaller than a thickness of the
third light emitting material layer 287¢. The ratio of the
thicknesses of the first, second and third light emitting
material layers 287a, 2875 and 287¢ can be 1:1:2.5.

[0105] For instance, in the white pixel region Pw, the first
light emitting material layer 2874 is formed by dropping five
drops of a first solution including an electron blocking
material, dropping one drop of a second solution including
a red light emitting material and drying the first and second
solutions, the second light emitting material layer 287b
equal to or thicker than the first light emitting material layer
287a is formed on the first light emitting material layer 287a
by dropping seven drops of a third solution including a green
light emitting material and drying the third solution, and the
third light emitting material layer 287¢ thicker than the
second light emitting material layer 2875 is formed on the
second light emitting material layer 2876 by dropping
twenty drops of a fourth solution including a blue light
emitting material and drying the fourth solution. Accord-
ingly, the first light emitting material layer 287a can have the
thickness of about 20 nm, the second light emitting material
layer 287b can have the thickness of about 20 nm, and the
third light emitting material layer 287¢ can have the thick-
ness of about 50 nm. However, the number of dropping a
solution and the thickness of a light emitting material layer
are not limited to these and can be changed according to a
concentration of the solution.

[0106] The first, second and third light emitting material
layers 287a, 287b and 287¢ can be formed together in steps
of forming the red, green and blue light emitting material
layers 286a, 2865 and 286c¢, respectively.

[0107] Alternatively, the first light emitting material layer
287a can be formed by dropping a solution including a
mixture of a red light emitting material and an electron
blocking material and drying the solution. The first light
emitting material layer 2874 can be formed in a step
different from the red light emitting material layer 286a.
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[0108] Here, the red light emitting material can be formed
of a host material, which includes at least one of a carbazole
material such as CBP (carbazole biphenyl) and mCP (1,3-
bis(carbazol-9-y1)); fluorene; and acridine containing an
alkyl group, and a dopant material, which contains at least
one selected from a phosphorescent material group includ-
ing

[0109] PIQIr(acac)(bis(1-phenylisoquinoline)acetylaceto-
nate iridium), PQIr(acac)(bis (1-phenylquinoline)acetylac-
etonate iridium), PQIr(tris(1-phenylquinoline)iridium), and
PtOEP(octaethylporphyrin platinum). Alternatively, the red
light emitting material can be formed of a fluorescent
material including PBD:Eu(DBM)3(Phen), Perylene, and so
on, as the dopant material. However, the red light emitting
material is not limited to these. The host and the dopant of
the red light emitting material can be connected to each
other, thereby forming one type of a monomer, an oligomer
and a polymer.

[0110] The electron blocking material can be formed of,
but is not limited to, at least one selected from a material
group including BPAPF (9,9-bis [4-(N,N-bis-biphenyl-4-
ylamino) phenyl]-9H-fluorene), DTASI (bis[4-(p,p-ditoly-
lamino)phenyl]diphenylsilane, NPD (4,4"-bis[N-(1-
napthyl)-N-phenyl-amino]biphenyl), mCP (N,N'-
dicarbazolyl-3,5-benzene), MPMP (bis[4-(N,
Ndiethylamino)-2-methylphenyl](4-methylphenyl)
methane), arylamine based materials, starbust aromatic
amine based materials, spiro-ladder type materials, NPD
(N,N-dinaphthyl-N,N'-diphenyl benzidine), s-TAD (2,2,7,
7'-tetrakis-(N,N-diphenylamino)-9,9-spirobifluoren),  and
MIDATA  (4,44"tris  (N-3-methylphenyl-N-phenyl-
amino)-triphenylamine). The arylamine based materials can
include TPD (N,N'-bis-(3-methylphenyl)-N,N'-bis-(phe-
nyl)-benzidine), PPD, TTBND, FFD, p-dmDPS and TAPC.
The starburst aromatic amine based materials can include
TCTA, PTDATA, TDAPB, TDBA, 4-a and TCTA. The
spiro-ladder type materials can include spiro-TPD (N,N'-Bis
(3-methylpheny!)-N,N'-bis(phenyl)-2,7-diamino-9,9-spiro-
bifluorene), spiro-mTTB (2,2',7,7'-Octa(m-tolylamine)-9,9-
spirobifluorene) and spiro-2. The electron blocking material
can be one type of a monomer, an oligomer and a polymer.
[0111] In addition, the green light emitting material can be
formed of a host material, which includes at least one of a
carbazole material such as CBP (carbazole biphenyl) and
mCP (1,3-bis(carbazol-9-y1)); fluorene; and acridine con-
taining an alkyl group, and a dopant material, which con-
tains a phosphorescent material including Ir(ppy)3(fac tris
(2-phenylpyridine)iridium), and so on. Alternatively, the
green light emitting material can be formed of a fluorescent
material including  Alg3(tris(8-hydroxyquinolino)alumi-
num), and so on, as the dopant material. However, the green
light emitting material is not limited to these. The host and
the dopant of the green light emitting material can be
connected to each other, thereby forming one type of a
monomer, an oligomer and a polymer.

[0112] Meanwhile, the blue light emitting material can be
formed of a host material, which includes at least one of a
carbazole material such as CBP (carbazole biphenyl) and
mCP (1,3-bis(carbazol-9-yl)); fluorene; and acridine con-
taining an alkyl group, and a dopant material, which con-
tains a phosphorescent material including (4,6-F2ppy)
2lrpic, and so on. Alternatively, the blue light emitting
material can be formed of a fluorescent material, which
contains at least one selected from a material group includ-
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ing anthracene, spiro-DPVBI, spiro-6P, distyryl benzene
(DSB), distyryl arylene (DSA), PFO-based polymer and
PPV-based polymer, as the dopant material. However, the
blue light emitting material is not limited to these. The host
and the dopant of the blue light emitting material can be
connected to each other, thereby forming one type of a
monomer, an oligomer and a polymer.

[0113] Next, the electron transporting layer 288 is formed
on the light emitting material layer 286. The electron trans-
porting layer 288 can be formed through a solution process.
The electron transporting layer 288 can be separated by the
red, green, blue and white pixel regions Pr, Pg, Pb and Pw.
Alternatively, the electron transporting layer 288 in one
pixel region Pr, Pg, Pb and Pw can be connected to another
electron transporting layer 288 in a next pixel region Pr, Pg,
Pb and Pw to form one body.

[0114] For example, the electron transporting layer 288
can be formed of at least one selected from a material group
including Alq3 (tris(8-hydroxyquinolino)aluminum), PBD,
TAZ, spiro-PBD, BAlq, and SAlg, but is not limited to these.
[0115] The second electrode 292 is formed on the electron
transporting layer 288 as a cathode. The second electrode
292 can be formed through a deposition process. The second
electrode 292 in one pixel region Pr, Pg, Pb and Pw can be
connected to another second electrode 292 in a next pixel
region Pr, Pg, Pb and Pw to form one body.

[0116] For instance, the second electrode 292 can be
formed of, but is not limited to, one of aluminum (Al),
magnesium (Mg) and alloy of aluminum and magnesium
(AIMg).

[0117] In the meantime, to inject electrons well, an elec-
tron injecting layer can be formed between the electron
transporting layer 288 and the second electrode 292. The
electron transporting layer 288 and the electron injecting
layer can constitute an electron auxiliary layer.

[0118] FIGS. 7A and 7B are pictures showing the light
emitting material layer and an emission image in the white
pixel region of the OLED display device according to the
second embodiment of the present disclosure.

[0119] As shown in FIG. 74, in the OLED display device
according to the second embodiment, a solution or solutions
including the red light emitting material and the electron
blocking material are dropped a lot in the white pixel region
Pw, and the dropped solution or solutions are uniformly
spread in the white pixel region Pw.

[0120] Accordingly, the first light emitting material layer
287a, which include a relatively low amount of the red light
emitting material, is uniformly formed in the white pixel
region Pw, and as shown in FIG. 7B, the uniform emission
image can be implemented in the white pixel region Pw.
[0121] Like this, in the OLED display device according to
the second embodiment, since the light emitting material
layer 286 can be formed through the solution process, which
is applicable to a relatively small area, the manufacturing
costs can be reduced due to a decrease in the number of the
evaporation processes, and an OLED display device having
a large size and high definition can be produced.

[0122] Moreover, because one pixel further includes the
white sub pixel emitting the white light in addition to the red,
green and blue sub pixels, the power consumption can be
lowered.

[0123] Furthermore, since the first light emitting material
layer 287a of the white light emitting material layer 2864
includes the electron blocking material, performance and
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stability of a device can be improved, and a uniform
emission image can be implemented.

[0124] 1In the above embodiments, even though one pixel
includes a red sub pixel, a green sub pixel, a blue sub pixel
and a white sub pixel, the pixel is not limited to this. That
is, one pixel includes at least one red, at least one green, at
least one blue and at least one white sub pixels, and the pixel
can further include one or more sub pixels of a specific color
or colors as occasion demands. For example, one pixel can
include one red sub pixel, one green sub pixel, one white sub
pixel and two blue sub pixels.

[0125] It will be apparent to those skilled in the art that
various modifications and variations can be made in a
display device of the present disclosure without departing
from the sprit or scope of the embodiments. Thus, it is
intended that the present disclosure covers the modifications
and variations of this invention provided they come within
the scope of the appended claims and their equivalents.

What is claimed is:

1. An organic light emitting diode comprising:

a first electrode;

a hole auxiliary layer on the first electrode;

a light emitting material layer on the hole auxiliary layer

and emitting white light:

an electron auxiliary layer on the light emitting material

layer; and

a second electrode on the electron auxiliary layer,

wherein the light emitting material layer includes a first

light emitting material layer, a second light emitting
material layer and a third light emitting material layer
sequentially layered, and

wherein the first light emitting material layer includes an

electron blocking material.

2. The organic light emitting diode of claim 1, wherein a
thickness of the second light emitting material layer is equal
to or larger than a thickness of the first light emitting
material layer and is smaller than a thickness of the third
light emitting material layer.

3. The organic light emitting diode of claim 2, wherein a
ratio of the thicknesses of the first, second and third light
emitting material layers is 1:1:2.5.

4. The organic light emitting diode of claim 1, wherein the
first, second and third light emitting material layers include
red, green and blue light emitting materials, respectively.

5. The organic light emitting diode of claim 1, wherein
each of the first, second and third light emitting material
layers includes one of red, green and blue light emitting
materials, and the first, second and third light emitting
material layers include different light emitting materials
from each other.

6. The organic light emitting diode of claim 5, wherein an
amount of the electron blocking material is equal to or larger
than an amount of the light emitting material in the first light
emitting material layer.

7. The organic light emitting diode of claim 1, wherein the
first light emitting material layer is disposed closer to the
hole auxiliary layer than the second light emitting material
layer and the third light emitting material layer.

8. An organic light emitting diode display device com-
prising:

a substrate on which first, second, third and fourth pixel

regions are defined;

a first electrode in each of the first, second, third and

fourth pixel regions on the substrate;
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a light emitting layer on the first electrode and including
first, second, third and fourth color light emitting
material layers disposed in the first, second, third and
fourth pixel regions, respectively; and

a second electrode on the light emitting layer,

wherein the fourth color light emitting material layer is a
white light emitting material layer, and includes a first
light emitting material layer, a second light emitting
material layer and a third light emitting material layer
sequentially layered, and

wherein the first light emitting material layer includes an
electron blocking material.

9. The organic light emitting diode display device of
claim 8, wherein a thickness of the second light emitting
material layer is equal to or larger than a thickness of the first
light emitting material layer and is smaller than a thickness
of the third light emitting material layer.

10. The organic light emitting diode display device of
claim 8, wherein a ratio of the thicknesses of the first, second
and third light emitting material layers is 1:1:2.5.

11. The organic light emitting diode display device of
claim 8, wherein the first, second and third light emitting
material layers include red, green and blue light emitting
materials, respectively.

12. The organic light emitting diode display device of
claim 8, wherein each of the first, second and third light
emitting material layers includes one of red, green and blue
light emitting materials, and the first, second and third light
emitting material layers include different light emitting
materials from each other.

13. The organic light emitting diode display device of
claim 12, wherein an amount of the electron blocking
material is equal to or larger than an amount of the light
emitting material in the first light emitting material layer.

14. The organic light emitting diode display device of
claim 8, wherein the first light emitting material layer is
disposed closer to the first electrode than the second light
emitting material layer and the third light emitting material
layer.
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15. An organic light emitting diode comprising:
a first electrode;
a hole auxiliary layer on the first electrode;

a light emitting material layer on the hole auxiliary layer
and including red, green, blue and white light emitting
material layers;

an electron auxiliary layer on the light emitting material
layer; and
a second electrode on the electron auxiliary layer,

wherein the white light emitting material layer includes a
first light emitting material layer, a second light emit-
ting material layer and a third light emitting material
layer sequentially layered.

16. The organic light emitting diode of claim 15, wherein
a thickness of the second light emitting material layer is
equal to or larger than a thickness of the first light emitting
material layer and is smaller than a thickness of the third
light emitting material layer.

17. The organic light emitting diode of claim 16, wherein
a ratio of the thicknesses of the first, second and third light
emitting material layers is 1:1:2.5.

18. The organic light emitting diode of claim 15, wherein
the first, second and third light emitting material layers
include red, green and blue light emitting materials, respec-
tively.

19. The organic light emitting diode of claim 15, wherein
each of the first, second and third light emitting material
layers includes one of red, green and blue light emitting
materials, and the first, second and third light emitting
material layers include different light emitting materials
from each other.

20. The organic light emitting diode of claim 15, wherein
the first light emitting material layer is disposed closer to the
hole auxiliary layer than the second light emitting material
layer and the third light emitting material layer.

* ok % k&



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

BHAX -—RENSTEENBNEX -REL R

US20180138435A1

US15/633140
REETRERAF
LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

patsnap

EE
AFF ()R 2018-05-17
g H 2017-06-26

[#RI &8 A KIM SUNG MOO
BAE KYOUNG JI
KBEAN KIM, SUNG-MOO
BAE, KYOUNG-JI
IPCH & HO1L51/50
CPCo %= HO01L51/508 HO1L51/5096 HO01L51/5008 HO1L51/5056 HO1L27/3211 HO1L51/0003 HO1L51/5016
HO1L51/504 HO1L51/56 HO1L27/3213 HO1L27/3246 HO1L51/0004 HO1L2251/558
£ 1020160150542 2016-11-11 KR
H AN FF 3Tk US10629836
SAEBEE Espacenet USPTO
RE(F) iy 170
BNAX—REQEFE SR EF—BRENABEBE EFMRALEEE 172 W 1703 0 60a 172 174

EHERS BANEAMBE, ERXMEE LW B FHBE ARER
BFHBELNE BN , AR XM EESREIRNFERNE —X
EMBE , BE-RAMBENE=ZXAMBE , HEEFRRE KK
MRZ AR TR,

D Oa
Y )

) / \
1L <§§/ /|

| 4 /

| 5 \/

j /
/‘J;’

b 1547 ) |
1400122 132 1408

)l
130 140 15

11



https://share-analytics.zhihuiya.com/view/55ff5db5-117c-49c6-8b31-af5c20c38bd2
https://worldwide.espacenet.com/patent/search/family/060191226/publication/US2018138435A1?q=US2018138435A1
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=%2220180138435%22.PGNR.&OS=DN/20180138435&RS=DN/20180138435

