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ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from and
the benefit under 35 U.S.C §119(a) of Korean Patent Appli-
cation Nos. 10-2015-0190204, filed in the Republic of Korea
on Dec. 30, 2015, and 10-2016-0139371, filed in the Repub-
lic of Korea on Oct. 25, 2016, which are hereby incorporated
by reference in their entirety.

BACKGROUND
[0002] Field of the Disclosure
[0003] The present disclosure relates to an organic light-

emitting diode display device, and more particularly, to an
organic light-emitting diode display device capable of
improving a lifetime.

[0004] Discussion of the Related Art

[0005] Recently, flat panel displays have been widely
developed and applied to various fields because of their thin
profile, light weight, and low power consumption.

[0006] Among the flat panel displays, organic light-emit-
ting diode (OLED) display devices, which can be referred to
as organic electroluminescent display devices, emit light
during loss of electron-hole pairs. The electron-hole pairs
are formed by injecting charges into a light-emitting layer
between a cathode for injecting electrons and an anode for
injecting holes.

[0007] The OLED display devices can be formed on a
flexible substrate such as plastic. Since they are self-lumi-
nous, 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 display-
ing moving images. In addition, the OLED display devices
have wide viewing angles as they are self-luminous.
[0008] OLED display devices are divided into passive
matrix type OLED display devices and active matrix type
OLED display devices according to a driving method.
Active matrix type display devices having a low power
consumption and a high definition are widely used. In
addition, the size of active matrix type display devices can
be large.

[0009] An OLED display device includes a plurality of
pixels to express various colors. Each pixel includes red,
green and blue sub-pixels, and red, green and blue organic
light-emitting diodes are formed in the red, green and blue
sub-pixels, respectively.

[0010] The red, green and blue organic light-emitting
diodes include red, green and blue light-emitting material
layers, respectively, and each light-emitting material layer is
formed by a thermal evaporation method. More particularly,
the light-emitting material layer is formed by selectively
vacuum evaporating an organic light-emitting material using
a fine metal mask. However, the thermal evaporation method
is difficult to apply to display devices having a large size and
high definition due to manufacturing deviations, sagging and
a shadow effect of the metal mask.

[0011] To solve this problem, a method of forming the
light-emitting material layer through a solution process has
been suggested. In the solution process, a bank layer sur-
rounding a pixel region is formed, a light-emitting material
is dropped in the pixel region surrounded by the bank layer
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by scanning a nozzle of injection apparatus in a certain
direction, and the dropped light-emitting material is hard-
ened to form the light-emitting material layer. At this time,
a hole injecting layer and a hole transporting layer also may
be formed through the solution process.

[0012] By the way, the red, green and blue light-emitting
materials each have different characteristics. Specially, the
red light-emitting material has relative low efficiency and
the green light-emitting material has relatively short life-
time. Thus, it is not easy to secure red, green and blue
light-emitting materials having uniform lifetime and effi-
ciency, and a lifetime of the OLED display device is
reduced.

[0013] Meanwhile, reflection of the external light is high
in the OLED display device. The reflection of the external
light increases the brightness at black state, which reduces
the contrast ratio and degrades image qualities. Thus, in
order to prevent the reflection of the external light, at least
one polarizer is used, and this causes an increase in costs.

SUMMARY

[0014] Accordingly, one aspect of the present disclosure is
to provide an OLED display device that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art.

[0015] An object of the present disclosure is to provide an
OLED display device that increases a lifetime.

[0016] Another object of the present disclosure is to
provide an OLED display device that decreases costs.

[0017] Additional features and advantages of the inven-
tion 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 invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0018] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided an
organic light-emitting diode display device. In one aspect,
an organic light-emitting diode display device includes a
substrate on which red, green and blue sub-pixel regions are
defined; first electrodes in the red, green and blue sub-pixel
regions, respectively; first, second and third light-emitting
layers on the first electrodes and in the red, green and blue
sub-pixel regions, respectively; a second electrode on the
first, second and third light-emitting layers; and red, green
and blue color filters disposed on the second electrode and
corresponding to the red, green and blue sub-pixel regions,
respectively, wherein a thickness of the first light-emitting
layer is smaller than a thickness of the second light emitting
layer.

[0019] Further scope of applicability of the present inven-
tion will become apparent from the detailed description
given hereinafter. However, the detailed description and
specific examples, while indicating preferred embodiments
of the invention, are given by illustration only, since various
changes and modifications within the spirit and scope of the
invention will become apparent to those skilled in the art
from this detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

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

[0021] FIG.11s a circuit diagram of one pixel region of an
OLED display device according to an embodiment of the
present disclosure;

[0022] FIG. 2 is a cross-sectional view of an OLED
display device according to the embodiment of the present
disclosure;

[0023] FIG. 3 is a schematic view of red, green and blue
sub-pixels of an OLED display device according to the
embodiment of the present disclosure;

[0024] FIG. 4 is a schematic cross-sectional view showing
light outputted from an OLED display device according to
the embodiment of the present disclosure; and

[0025] FIG. 5A is a view illustrating spectra of light
emitted from organic light-emitting diodes of red and green
sub-pixel regions of the OLED display device according to
the embodiment of the present disclosure, and FIG. 5B is a
view illustrating spectra of light outputted from the red and
green sub-pixel regions of the OLED display device accord-
ing to the embodiment of the present disclosure.

[0026] FIG. 6A is a view illustrating CIE x color coordi-
nate depending on a thickness of a hole auxiliary layer, FIG.
6B is a view illustrating CIE y color coordinate depending
on the thickness of the hole auxiliary layer, and FIG. 6C is
a view illustrating current efliciency depending on the
thickness of the hole auxiliary layer.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0027] Reference will now be made in detail to the
embodiment of the disclosure, an example of which is
illustrated in the accompanying drawings. Words of ‘on’ and
‘under’ are used only for describing a direction in the
following explanations and thus are not limited to ‘directly
on’ and ‘directly under’.

[0028] FIG.11isa circuit diagram of one pixel region of an
OLED display device according to an embodiment of the
present disclosure.

[0029] As shown in FIG. 1, 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 an organic light-emitting diode De. The
gate line GL and the data line DL cross each other to define
a pixel region P. The switching thin film transistor Ts, the
driving thin film transistor Td, the storage capacitor Cst and
the organic light-emitting diode De are formed in the pixel
region P.

[0030] 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 organic light-emitting
diode De is connected to a drain electrode of the driving thin
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film transistor Td, and a cathode of the organic light-emitting
diode De is connected to a low voltage supply VSS. The
storage capacitor Cst is connected to the gate electrode and
the drain electrode of the driving thin film transistor Td.

[0031] The OLED display device is driven to display an
image. More particularly, 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 switch-
ing thin film transistor Ts. When the driving thin film
transistor Td is turned on by the data signal, an electric
current flowing through the organic light-emitting diode De
is controlled, thereby displaying an image. The organic
light-emitting diode De emits light due to the current sup-
plied through the driving thin film transistor Td from the
high voltage supply VDD.

[0032] Namely, the amount of the current flowing through
the organic light-emitting diode De is proportional to the
magnitude of the data signal, and the intensity of light
emitted by the organic light-emitting diode De is propor-
tional to the amount of the current flowing through the
organic light-emitting diode De. 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.

[0033] 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 organic light-emitting diode De
to be constant and the gray level shown by the organic
light-emitting diode De to be maintained until a next frame.

[0034] However, the OLED display device according to
the embodiment of the present disclosure is not limited to the
illustrated example. Alternatively, at least one thin film
transistor, at least one signal line and/or at least one capaci-
tor for compensation may be further formed in each pixel
region.

[0035] FIG. 2 is a cross-sectional view of an OLED
display device according to the embodiment of the present
disclosure and shows a pixel region.

[0036] In FIG. 2, a semiconductor layer 122 is patterned
and formed on an insulating substrate 110. The substrate 110
can be a glass substrate or a plastic substrate. The semicon-
ductor layer 122 can be formed of an oxide semiconductor
material. In the OLED display device including the semi-
conductor layer 122 formed of an oxide semiconductor
material, a light-blocking pattern and a buffer layer may be
formed under the semiconductor layer 122. The light-block-
ing 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 polycrystal-
line silicon, and in this case, impurities can be doped in both
sides of the semiconductor layer 122.

[0037] 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 (Si10,). When the semiconductor layer 122 is
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formed of polycrystalline silicon, the gate insulating layer
130 can be formed of silicon oxide (SiO,) or silicon nitride
(SiNx).

[0038] A gate electrode 132 made 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.

[0039] 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.

[0040] Further, an inter insulating layer 140 of an insulat-
ing material is formed on the gate electrode 132 over
substantially all of the substrate 110. The inter insulating
layer 140 can be formed of an inorganic insulating material
such as silicon oxide (SiO,) and silicon nitride (SiNx) or an
organic insulating material such as benzocyclobutene and
photo acryl.

[0041] In addition, the inter insulating layer 140 includes
first and second contact holes 1402 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. Alterna-
tively, 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.

[0042] A source electrode 142 and a drain electrode 144 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.

[0043] Further, the source and drain electrodes 142 and
144 are spaced apart from each other with respect to the gate
electrode 132. The source and drain electrodes 142 and 144
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 the pixel
region. In addition, the power supply line supplying a high
level voltage can be spaced apart from the data line. The
second capacitor electrode can be connected to the drain
electrode 144 and can overlap the first capacitor electrode to
form a storage capacitor with the inter insulating layer 140
therebetween as a dielectric substance.

[0044] As shown in FIG. 2, in the OLED display device,
a thin film transistor includes the semiconductor layer 122,
the gate electrode 132, the source electrode 142 and the
drain electrode 144. The thin film transistor can have a
coplanar structure where the gate electrode 132 and the
source and drain electrodes 142 and 144 are disposed at a
side of the semiconductor layer 122, i.e., over the semicon-
ductor layer 122.

[0045] 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
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drain electrodes are disposed over the semiconductor layer.
In this case, the semiconductor layer can be formed of
amorphous silicon.

[0046] 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 142 of the driving thin
film transistor is connected to the power supply line. In
addition, the gate electrode and the source electrode of the
switching thin film transistor are connected to the gate line
and the data line, respectively.

[0047] A first passivation layer 152 and a second passi-
vation layer 154 of insulating materials are sequentially
formed on the source and drain electrodes 142 and 144 over
substantially all of the substrate 110. The first passivation
layer 152 can be formed of an inorganic insulating material
such as silicon oxide (S10,) and silicon nitride (SiNx), and
the second passivation layer 154 can be formed of an organic
insulating material such as benzocyclobutene and photo
acryl. The second passivation layer 154 can have a flat top
surface.

[0048] Further, the first passivation layer 152 and the
second passivation layer 154 have a drain contact hole 156
exposing the drain electrode 144. In FIG. 2, although the
drain contact hole 156 is formed directly over the second
contact hole 1405, the drain contact hole 156 can be spaced
apart from the second contact hole 1404.

[0049] One of the first passivation layer 152 and the
second passivation layer 154 can be omitted. For example,
the first passivation layer 152 of an inorganic insulating
material can be omitted.

[0050] A first electrode 162 of a conductive material
having a relatively high work function is formed on the
second passivation layer 154. The first electrode 162 is
disposed in each pixel region and contacts the drain elec-
trode 144 through the drain contact hole 156. For example,
the first electrode 162 can be formed of a transparent
conductive material such as indium tin oxide (ITO) and
indium zinc oxide (IZO).

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

[0052] As shown, in the OLED display device, the bank
layer 170 has a single-layered structure. However, the struc-
ture of the bank layer 170 is not limited to this. For example,
the bank layer can have a double-layered structure. That is,
the bank layer can include a first bank and a second bank on
the first bank, and the first bank can have a wider width than
the second bank. At this time, the first bank can be formed
of an inorganic insulating material or organic insulating
material having a hydrophilic property, and the second bank
can be formed of an organic insulating material having a
hydrophobic property.

[0053] In addition, a light-emitting layer 180 is formed on
the first electrode 162 exposed by the opening of the bank
layer 170. The light-emitting layer 180 includes a hole
auxiliary layer 182, a light-emitting material layer (EML)
184, and an electron auxiliary layer 186, which are sequen-
tially disposed from a top surface of the first electrode 162.
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[0054] In more detail, the hole auxiliary layer 182, the
light-emitting material layer 184 and the electrode auxiliary
layer 186 can be formed of organic materials and can be
formed through a solution process, which may be referred to
as a soluble process. Accordingly, manufacturing processes
can be simplified, and a display device having a large size
and high definition can be provided. One of a spin coating
method, an inkjet printing method and a screen printing
method can be used for the solution process.

[0055] Alternatively, the hole auxiliary layer 182, the
light-emitting material layer 184 and the electrode auxiliary
layer 186 can be formed through a vacuum evaporation
process. In addition, the hole auxiliary layer 182, the light-
emitting material layer 184 and the electrode auxiliary layer
186 can be formed by a combination of the solution process
and the vacuum evaporation process.

[0056] The hole auxiliary layer 182 can include at least
one of a hole injecting layer (HIL) and a hole transporting
layer (HTL), and the electron auxiliary layer 186 can include
at least one of an electron injecting layer (EIL) and an
electrode transporting layer (ETL).

[0057] A second electrode 192 of a conductive material
having relatively low work function is formed on the elec-
tron auxiliary layer 186 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.
[0058] The first electrode 162, the light-emitting layer 180
and the second electrode 192 constitute an organic light-
emitting diode De. The first electrode 162 functions as an
anode, and the second electrode 192 serves as a cathode.
Here, the OLED display device according to the embodi-
ment of the present disclosure is an active matrix type and
is a top emission type in which light from the light-emitting
material layer 184 is outputted to the outside through the
second electrode 192. In this case, the first electrode 162 can
further include a reflection layer formed of an opaque
conductive material. For example, the reflection layer can be
formed of aluminum-paladium-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. For example, the second electrode 192 can
have transmittance of about 45% to 50%.

[0059] The OLED display device according to the
embodiment of the present disclosure includes a plurality of
pixels, and each pixel includes red, green and blue sub-
pixels. The thin film transistor and the organic light-emitting
diode of FIG. 2 are formed in each red, green and blue
sub-pixel region.

[0060] At this time, the organic light-emitting diodes of
the red, green and blue sub-pixels have different element
thicknesses. This will be described in more detail with
reference to accompanying drawings.

[0061] FIG. 3 is a schematic view of red, green and blue
sub-pixels of an OLED display device according to the
embodiment of the present disclosure.

[0062] In FIG. 3, red, green and blue sub-pixel regions Pr,
Pg and Pb are defined on a substrate 110, and an organic
light-emitting diode De is disposed in each sub-pixel region
Pr, Pg and Pb. The organic light-emitting diode De in each
sub-pixel region Pr, Pg and Pb includes a first electrode 162,
a light-emitting layer 180 and a second electrode 192.
[0063] The first electrode 162 can be an anode and can be
formed of a conductive material having relatively high work
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function. The first electrode 162 can include a transparent
conductive material such as indium tin oxide (ITO) and
indium zinc oxide (IZO). In addition, the first electrode 162
can further include a reflection layer at its lowest portion.
[0064] Even if the first electrodes 162 are connected to
each other in the red. green and blue sub-pixel regions Pr, Pg
and Pb, the first electrodes 162 are separated from each other
by the red, green and blue sub-pixel regions Pr, Pg and Pb.
[0065] The light-emitting layer 180 is disposed on the first
electrode 162 in each sub-pixel region Pr, Pg and Pb. The
light-emitting layer 180 includes a hole auxiliary layer 182,
a light-emitting material layer 184 and an electron auxiliary
layer 186.

[0066] Here, the light-emitting material layers 184 of the
red and green sub-pixel regions Pr and Pg include a yellow
light-emitting material, and the light-emitting material layer
184 of the blue sub-pixel region Pb includes a blue light-
emitting material.

[0067] The light-emitting material layers 184 can be
formed through a solution process. Alternatively, the light-
emitting material layers 184 can be formed through a
solution process and a vacuum evaporation process. Namely,
the light-emitting material layers 184 of the red and green
sub-pixel regions Pr and Pg can be formed through the
solution process, and the light-emitting material layer 184 of
the blue sub-pixel region Pb can be formed through the
vacuum evaporation process.

[0068] Moreover, the hole auxiliary layer 182 can include
a hole injecting layer (HIL) and a hole transporting layer
(HTL). At this time, the hole auxiliary layers 182 of the red,
green and blue sub-pixel regions Pr, Pg and Pb can have
different thicknesses. More particularly, the thickness of the
hole auxiliary layer 182 of the red sub-pixel region Pr is
smaller than the thickness of the hole auxiliary layer 182 of
the green sub-pixel region Pg and is larger than the thickness
of the hole auxiliary layer 182 of the blue sub-pixel region
Pb.

[0069] The hole auxiliary layers 182 can be formed
through the solution process, and the thicknesses of the hole
auxiliary layers 182 can be adjusted by changing the amount
of dropped solution.

[0070] In the meantime, the electron auxiliary layer 186
can include an electron transporting layer (ETL). The elec-
tron auxiliary layer 186 can further include an electron
injecting layer on the electron transporting layer ETL. The
electron auxiliary layer 186 can be formed through the
vacuum evaporation process.

[0071] The second electrode 192 as a cathode is disposed
on the light-emitting layers 180 of the red, green and blue
sub-pixel regions Pr, Pg and Pb. The second electrode 192
can be formed of aluminum (Al), magnesium (Mg), silver
(Ag) or their alloy. The second electrode 192 can have a
relatively thin thickness such that light can be transmitted
therethrough.

[0072] An encapsulation layer 200 is formed on the
organic light-emitting diode De to protect the organic light-
emitting diode De from moisture and oxygen from the
outside. The encapsulation layer 200 can be formed of
ultraviolet (UV) sealant or frit sealant. Alternatively, the
encapsulation layer 200 can be formed of inorganic layers
and organic layers, which are alternately disposed.

[0073] A color filter layer 220 is disposed on the encap-
sulation layer 200. The color filter layer 220 can include red,
green and blue color filters Re, Ge and Be corresponding to
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the red, green and blue sub-pixel regions Pr, Pg and Pb.
Here, the blue color filter Be can be omitted.

[0074] An overcoat layer can be further formed between
the encapsulation layer 200 and the color filter layer 220 to
protect the color filter layer 220 and to planarize a top
surface of the encapsulation layer 200.

[0075] An opposite substrate 210 is disposed on the color
filter layer 220. The opposite substrate 210 can be a glass
substrate or a plastic substrate.

[0076] Here, the color filter layer 220 can be formed on the
opposite substrate 210, and the opposite substrate 210
including the color filter layer 220 thereon can be attached
to the substrate 110 including the organic light-emitting
diode De.

[0077] The OLED display device according to the
embodiment of the present disclosure can be a top emission
type where light from the light-emitting layer 180 is out-
putted to the outside through the second electrode 192.
[0078] As stated above, in the OLED display device
according to the embodiment of the present disclosure, the
organic light-emitting diodes De of the red, green and blue
sub-pixel regions Pr, Pg and Pb have different element
thicknesses. That is, when each of the organic light-emitting
diodes De of the red, green and blue sub-pixel regions Pr, Pg
and Pb has a distance from a bottom surface of the first
electrode 162 and a bottom surface of the second electrode
192 as an element thickness, the element thickness of the
organic light-emitting diode De of the red sub-pixel region
Pr is smaller than the element thickness of the organic
light-emitting diode De of the green sub-pixel region Pg and
is larger than the element thickness of the organic light-
emitting diode De of the blue sub-pixel region Pb.

[0079] At this time, the element thicknesses of the organic
light-emitting diodes De of the red, green and blue sub-pixel
regions Pr, Pg and Pb can be different from each other by
differing thicknesses of the light-emitting layers 180, and
more particularly, thicknesses of the hole auxiliary layers
182. Namely, the hole auxiliary layer 182 of the red sub-
pixel region Pr is formed to have the thickness smaller than
the thickness of the hole auxiliary layer 182 of the green
sub-pixel region Pg and larger than the thickness of the hole
auxiliary layer 182 of the blue sub-pixel region Pb.

[0080] The thicknesses of the hole auxiliary layers 182 can
be determined by considering a microcavity effect, which is
further explained below with reference to FIGS. 6A to 6C.
[0081] FIG. 6A is a view illustrating CIE x color coordi-
nate depending on a thickness of a hole auxiliary layer, FIG.
6B is a view illustrating CIE y color coordinate depending
on the thickness of the hole auxiliary layer, and FIG. 6C is
a view illustrating current efficiency depending on the
thickness of the hole auxiliary layer. In FIGS. 6A to 6C, to
obtain relatively high current efficiency and satisfy required
color coordinates, it is desirable that the thickness of the hole
auxiliary layer 182 of the red sub-pixel region Pr is smaller
than the thickness of' the hole auxiliary layer 182 of the green
sub-pixel Pg.

[0082] Especially, it is beneficial that the hole auxiliary
layer 182 of the red sub-pixel region Pr has a thickness
corresponding to a second order cavity condition and the
hole auxiliary layer 182 of the green sub-pixel region Pg has
a thickness corresponding to a third order cavity condition.
As stated above, the hole auxiliary layer 182 includes at least
one of a hole injecting layer and a hole transporting layer,
and a total thickness of the hole injecting layer and the hole
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transporting layer becomes the thickness of the hole auxil-
iary layer 182. Thus, the total thickness of the hole injecting
layer and the hole transporting layer in the red sub-pixel
region Pr corresponds to the second order cavity condition,
and the total thickness of the hole injecting layer and the
hole transporting layer in the green sub-pixel region Pg
corresponds to the third order cavity condition. If the hole
auxiliary layer 182 of the red sub-pixel region Pr has a
thickness corresponding to a lower order cavity condition
than the second order cavity condition, a lifetime of the
organic light-emitting diode may be decreased, and if the
hole auxiliary layer 182 of the green sub-pixel region Pg has
a thickness corresponding to an upper order cavity condition
than the third order cavity condition, a driving voltage may
be increased.

[0083] For example, the thickness of the hole auxiliary
layer 182 of the red sub-pixel region Pr can be 250 nm to 280
nm, the thickness of the hole auxiliary layer 182 of the green
sub-pixel region Pg can be 310 nm to 330 nm. At this time,
if the thickness of the hole auxiliary layer 182 in each of the
red and green sub-pixel regions Pr and Pg is not within the
above-mentioned range, yellow light is mixed and emitted in
each of the red and green sub-pixel regions Pr and Pg, and
the color coordinates are not matched. Meanwhile, the
thickness of the hole auxiliary layer 182 of the blue sub-
pixel region Pb can be 30 nm to 70 nm.

[0084] At this time, the thicknesses of the hole auxiliary
layers 182 can be changed by controlling thicknesses of the
hole injecting layer HIL and/or the hole transporting layer
HTL of the red, green and blue sub-pixel regions Pr, Pg and
Pb. In general, since carrier mobility of the hole transporting
layer HTL is larger than that of the hole injecting layer HIL,
it is beneficial that the thickness of the hole transporting
layer HTL is less changed than the thickness of the hole
injecting layer HIL.

[0085] Meanwhile, as mentioned above, the light-emitting
material layers 184 of the organic light-emitting diodes De
of the red and green sub-pixel regions Pr and Pg include the
vellow light-emitting material. The yellow light-emitting
material has a relatively long lifetime and emits yellowish
red light or yellowish green light using the microcavity
effect.

[0086] Accordingly, the OLED display device according
to the embodiment of the present disclosure can produce red
and green light using the yellow light-emitting material, the
microcavity effect and the color filters.

[0087] FIG. 4 is a schematic cross-sectional view showing
light outputted from an OLED display device according to
the embodiment of the present disclosure. FIG. 5A is a view
illustrating spectra of light emitted from organic light-
emitting diodes of red and green sub-pixel regions of the
OLED display device according to the embodiment of the
present disclosure, and FIG. 5B is a view illustrating spectra
of light outputted from the red and green sub-pixel regions
of the OLED display device according to the embodiment of
the present disclosure.

[0088] In FIGS. 4, 5A and 5B, the light-emitting material
layers 184 of the red and green sub-pixel regions Pr and Pg
include a yellow light-emitting material, and the yellow
light-emitting material includes first and second emission
peaks. At this time, the yellow light-emitting material can
have the first emission peak in a wavelength range of 530 nm
to 555 nm and the second emission peak in a wavelength
range of 590 nm to 620 nm. For example, the yellow
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light-emitting material can include 4,4'-N,N'-dicarbazole-
bipheny! (CBP) and also can include bis[2-(4-tertbutylphe-
nyl)benzothiazolato-N,C2'Tiridium(acetylactonate)[ (t-bt)21r
(acac)] as a dopant.
[0089] Here, in the red sub-pixel region Pr, the light-
emitting material layer 184 including the yellow light-
emitting material emits orange light, i.e., yellowish red light
Ry due to the microcavity effect. The yellowish red light Ry
passes through the red color filter Rc, and thus deep red light
R is outputted.
[0090] Additionally, in the green sub-pixel region Pg, the
light-emitting material layer 184 including the yellow light-
emitting material emits yellowish green light Gy due to the
microcavity effect. The yellowish green light Gy passes
through the green color filter Ge, and thus deep green light
G is outputted.
[0091] Meanwhile, in the blue sub-pixel region Pb, the
light-emitting material layer 184 includes a blue light-
emitting material and emits blue light B. The blue light B
passes through the blue color filter Be, and thus deep blue
light B is outputted.
[0092] Like this, the OLED display device according to
the present disclosure can produce deep red light and deep
green light by applying the yellow light-emitting material,
which has a relatively long lifetime, to the red and green
sub-pixel regions Pr and Pg and using the microcavity effect
and the color filters to thereby produce red and green light.
Therefore, the lifetimes of the organic light-emitting diodes
of the red and green sub-pixel regions Pr and Pg can be
increased.
[0093] Moreover, a polarizer can be omitted from the
OLED display device according to the embodiment of the
present disclosure due to the microcavity effects, and thus
the costs can be reduced.
[0094] Even if the OLED display device is the top emis-
sion type in the above-mentioned embodiment, the OLED
display device can be a bottom emission type.
[0095] 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 invention. Thus, it is intended
that the present invention 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 display device com-
prising:
a substrate on which red, green and blue sub-pixel regions
are defined;
first electrodes in the red, green and blue sub-pixel
regions, respectively;
first, second and third light-emitting layers on the first
electrodes in the red, green and blue sub-pixel regions,
respectively;
a second electrode on the first, second and third light-
emitting layers; and
red, green and blue color filters on the second electrode
and corresponding to the red, green and blue sub-pixel
regions, respectively,
wherein a thickness of the first light-emitting layer is
smaller than a thickness of the second light emitting
layer.
2. The display device of claim 1, wherein the third
light-emitting layer includes a blue light-emitting material.
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3. The display device of claim 1, wherein a thickness of
the third light-emitting layer is smaller than the thickness of
the first light-emitting layer.

4. The display device of claim 1, wherein each of the first
and second light-emitting layers includes a yellow light-
emitting material.

5. The display device of claim 4, wherein the yellow
light-emitting material has a first emission peak within a
wavelength range of 530 nm to 555 nm and a second
emission peak within a wavelength range of 590 nm to 620
nm.

6. The display device of claim 4, wherein the yellow
light-emitting material includes 4,4'-N,N'-dicarbazole-bi-
phenyl (CBP) and also includes bis[2-(4-tertbutylphenyl)
benzothiazolato-N,C2"|iridium(acetylactonate)[(t-bt)21r
(acac)] as a dopant.

7. The display device of claim 1, wherein each of the first
and second light-emitting layers includes a hole auxiliary
layer, a light-emitting material layer and an electron auxil-
iary layer, and

wherein a thickness of the hole auxiliary layer of the first

light-emitting layer is smaller than a thickness of the
hole auxiliary layer of the second light-emitting layer.

8. The display device of claim 7, wherein the thickness of
the hole auxiliary layer of the first light-emitting layer
corresponds to a second order cavity condition, and the
thickness of the hole auxiliary layer of the second light-
emitting layer corresponds to a third order cavity condition.

9. The display device of claim 7, wherein the thickness of
the hole auxiliary layer of the first light-emitting layer is 250
nm to 280 nm, and the thickness of the hole auxiliary layer
of the second light-emitting layer is 310 nm to 330 nm.

10. The display device of claim 2, wherein the third
light-emitting layer includes a hole auxiliary layer, a light-
emitting material layer and an electron auxiliary layer, and

wherein a thickness of the hole auxiliary layer of the third

light-emitting layer is smaller than the thickness of the
hole auxiliary layer of the first light-emitting layer.

11. The display device of claim 10, wherein the thickness
of the hole auxiliary layer of the third light-emitting layer is
30 nm to 70 nm.

12. The display device of claim 1, wherein a bank layer
of an insulating material is disposed on each first electrode,
the bank layer has an opening exposing the first electrode,
and covers edges of the first electrode, each of the first,
second and third light-emitting layers is formed on the first
electrode exposed by the opening of the bank layer.

13. The display device of claim 12, wherein the bank layer
has a single-layered structure or a double-layered structure.

14. The display device of claim 12, wherein the bank layer
includes a first bank and a second bank on the first bank, and
the first bank has a wider width than the second bank.

15. The display device of claim 14, wherein the first bank
is formed of an inorganic insulating material or organic
insulating material having a hydrophilic property, and the
second bank is formed of an organic insulating material
having a hydrophobic property.

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

a substrate on which red, green and blue sub-pixel regions

are defined;

a first electrode in each of the red, green and blue

sub-pixel regions;
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first, second and third light-emitting layers on the first
electrodes in the red, green and blue sub-pixel regions,
respectively, each of the first and second light-emitting
layers including a yellow light-emitting material hav-
ing a first emission peak and a second emission peak
different from the first emission peak;

a second electrode on the first, second and third light-

emitting layers; and

red, green and blue color filters on the second electrode

and corresponding to the red, green and blue sub-pixel
regions, respectively.

17. The display device of claim 16, wherein the third
light-emitting layer includes a blue light-emitting material,
a thickness of the first light-emitting layer is smaller than a
thickness of the second light emitting layer, and a thickness
of the third light-emitting layer is smaller than the thickness
of the first light-emitting layer.
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18. The display device of claim 16, wherein the yellow
light-emitting material has the first emission peak within a
wavelength range of 530 nm to 555 nm and the second
emission peak within a wavelength range of 590 nm to 620
nm.

19. The display device of claim 16, wherein the yellow
light-emitting material includes 4,4'-N,N'-dicarbazole-bi-
phenyl (CBP) and also includes bis[2-(4-tertbutylphe-
nyObenzothiazolato-N,C2"Tiridium(acetylactonate)[(t-bt)21r
(acac)] as a dopant.

20. The display device of claim 16, wherein each of the
first and second light-emitting layers includes a hole auxil-
iary layer, a light-emitting material layer and an electron
auxiliary layer, and

wherein a thickness of the hole auxiliary layer of the first

light-emitting layer is smaller than a thickness of the
hole auxiliary layer of the second light-emitting layer.
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