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7) ABSTRACT

An OLED display device includes a substrate; pixel regions
defined by gate and data lines, each pixel region including
red, green, first blue and second blue sub-pixels; a TFT in
each pixel region; a first electrode connected to the thin film
transistor; an insulating layer exposing the first electrode;
hole injecting and hole transporting layers stacked on the first
electrode; red, green and blue emitting layer on the hole
transporting layer. the red and green emitting layers respec-
tively being in the red and green sub-pixels, and the blue
emitting layer being in the first and second blue sub-pixels;
electron transporting and electron injecting layers stacked on
the red, green and blue emitting layers; and a second electrode
on the insulating layer and the electron injecting layer,
wherein the first electrode in the second blue sub-pixel has a
multi-layered structure of the first electrode layer and at least
one metal layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] Thepresentapplication claims the priority benefit of
Korean Patent Application Nos. 10-2012-0155239 and
10-2013-0085411, filed in Republic of Korea on Dec. 27,
2012 and Jul. 19, 2013, respectively, all of which are herein
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to an organic light
emitting diode (OLED) display device, and more particularly,
to an OLED display device including four color emitting
layers and method of fabricating the OLED display device.
[0004] 2. Related Art

[0005] An OLED display device of new flat panel display
devices is a self-emitting type. Since the OLED display
device does not require a backlight, which is required for a
liquid crystal display device, the OLED device has a thin
profile and light weight.

[0006] Particularly, various colors, e.g., red, green, blue,
cyan, light-blue, and so on, can be displayed using an organic
material. The red and green phosphorescent materials having
excellent efficiency and lifetime are used, while the deep-blue
fluorescent material having similar color property and life-
time as the red and green phosphorescent materials are used.
However, the deep-blue fluorescent material has low effi-
ciency such that there is a disadvantage in power consump-
tion.

[0007] FIG. 1 is a graph of simulation data for showing
power consumption in an OLED display device using a red
phosphorescent material PH_R, a green fluorescent material
FL_G, a green phosphorescent material PH_G, a blue phos-
phorescent material PH_B1 and a blue fluorescent material
FL_B2.

[0008] FIG. 1 shows power consumption of the OLED
display device, which uses the red phosphorescent material
PH_R, the green phosphorescent material PH_G and the blue
phosphorescent material PH_B1, is decreased by about 45%
in comparison to the OLED, which uses the red phosphores-
cent material PH_R, the green phosphorescent material
PH_G and the blue fluorescent material FI,_B2.

[0009] FIG. 2 is a schematic plane view of the sub-pixel
arrangement in the related art OLED device.

[0010] In FIG. 2, one pixel 100a includes red, green and
blue sub-pixels R, G and B. On the other hand, another pixel
1005 includes the red sub-pixel R, the green sub-pixel G, a
light-blue sub-pixel B1 of a phosphorescent material and a
deep-blue sub-pixel B2 of the fluorescent material to prevent
a problem of power consumption increase resulted from the
fluorescent material.

[0011] In addition, to display images, the light-blue mate-
rial is used above 70%, and the deep-blue material is used
below 30%. The light-blue image is displayed using the phos-
phorescent material, while the deep-blue is displayed using
the fluorescent material. Accordingly, the four emitting mate-
rials and four deposition processes are required to fabricate
the OLED display device having the pixel 1004.

[0012] Referring to FIG. 3, which is a schematic cross-
sectional view of the related art OLED display device includ-
ing red, green, first blue and second blue sub-pixels, a fabri-
cating process of the OLED display device is explained.
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[0013] As shown in FIG. 3, the OLED display device
includes an organic emitting cell. The organic emitting cell
includes a first electrode 106 connected to a thin film transis-
tor (TFT) T, which is formed on a substrate 101, a hole
injecting layer 107, a hole transporting layer 108, an emitting
layer 109, an electron transporting layer 110, an electron
injecting layer 111, and a second electrode 112. The hole
injecting layer 107, the hole transporting layer 108, the emit-
ting layer 109, the electron transporting layer 110, the elec-
tron injecting layer 111, and the second electrode 112 are
stacked on the first electrode 106.

[0014] Particularly, after forming the TFT T on the sub-
strate 101, the first electrode 106, the hole injecting layer 107
and the hole transporting layer 108 are formed. Next, the red
emitting layer 109R, the green emitting layer 109G, the light-
blue emitting layer 109B1 and the deep-blue emitting layer
109B2 are formed in the red sub-pixel R, the green sub-pixel
G, the first blue sub-pixel B1 and the second blue sub-pixel
B2.To form the four-colored pixel structure, a step of forming
the light-blue emitting layer 109B1 or the deep-blue emitting
layer 109B2 1s further required.

[0015] Namely, since the OLED display device having the
four-colored pixel structure includes the red, green, first blue
and second blue sub-pixels R, G, B1 and B2, production costs
and fabricating steps are increased in comparison to the
OLED display device having the three-colored pixel struc-
ture. In addition, since the fluorescent material is used for
displaying the deep-blue, there are still disadvantages in
power consumption.

SUMMARY OF THE INVENTION

[0016] Accordingly, the present invention is directed to an
OLED display device and a method of fabricating the same
that substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

[0017] Additional features and advantages of the invention
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. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0018] Inaccordance with the present invention, as embod-
ied and broadly described herein, OLED display device
includes a substrate; pixel regions defined by gate lines and
data lines formed on the substrate, each pixel region including
red, green, first blue and second blue sub-pixels; a thin film
transistor in each pixel region; a first electrode electrically
connected to a drain electrode of the thin film transistor; an
insulating layer exposing the first electrode; a hole injecting
layer and a hole transporting layer sequentially stacked on the
first electrode; red, green and blue emitting layer on the hole
transporting layer, the red and green emitting layers respec-
tively being in the red and green sub-pixels, and the blue
emitting layer being in the firstand second blue sub-pixels; an
electron transporting layer and an electron injecting layer
sequentially stacked on the red, green and blue emitting lay-
ers; and a second electrode on the insulating layer and the
electron injecting layer, wherein the first electrode in the
second blue sub-pixel has a multi-layered structure of the first
electrode layer and at least one metal layer.

[0019] Preferably, the first blue sub-pixel may display a
light-blue color, and the second blue sub-pixel may display a
deep-blue color.
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[0020] Preferably, the multi-layered structure may be a
double-layered structure of the first electrode layer and a first
metal layer under the first electrode layer, and the first metal
layer includes Ag or Ag alloy, and wherein the first electrode
layer includes 1ITO or IZO or other transparent conductive
materials.

[0021] Preferably, the multi-layered structure may be a
triple-layered structure of the first electrode layer, a first metal
layer on the first electrode layer and a second metal layer on
the first metal layer, and each of the first electrode layer and
the second metal layer includes ITO or IZO or other trans-
parent conductive materials, and wherein the first metal layer
includes Ag or Ag alloy.

[0022] Preferably, the first electrode layer may have a
thickness more than O angstrom and less than about 300
angstroms, and the first metal layer may have a thickness of
about 100 to 200 angstroms.

[0023] Preferably, the first electrode layer may have a
thickness more than O angstrom and less than about 300
angstroms, and the first metal layer may have a thickness of
about 100 to 200 angstroms, and wherein the second metal
layer has a thickness more than O angstrom and less than
about 100 angstroms.

[0024] Preferably, the blue emitting layer in the first and
second blue sub-pixels, may include the same blue phospho-
rescent organic material.

[0025] Preferably, the second electrode may include Al.
[0026] A substrate for an organic light emitting diode dis-
play device, comprising: a substrate; a plurality of pixel
regions defined by a plurality of gate lines and a plurality of
data lines formed on the substrate, each pixel region including
red, green, first blue and second blue sub-pixels; a thin film
transistor in each pixel region; a first electrode electrically
connected to a drain electrode of the thin film transistor; an
insulating layer exposing the first electrode; a hole injecting
layer and ahole transporting layer sequentially stacked on the
first electrode; red, green and blue emitting layer on the hole
transporting layer, the red emitting layer being in the red
sub-pixel, the green emitting layer being in the green sub-
pixel, and the blue emitting layer being in the first and second
blue sub-pixels; an electron transporting layer and an electron
injecting layer sequentially stacked on the red, green and blue
emitting layers; and a second electrode on the insulating layer
and the electron injecting layer, wherein the first electrode in
the second blue sub-pixel has a multi-layered structure of the
first electrode layer and at least one metal layer.

[0027] Preferably, the multi-layered structure may be a
double-layered structure of the first electrode layer and a first
metal layer under the first electrode layer, or a triple-layered
structure of the first electrode layer, a first metal layer on the
first electrode layer and a second metal layer on the first metal
layer.

[0028] Preferably, the blue emitting layer in the first and
second blue sub-pixels may include the same blue phospho-
rescent organic material.

[0029] In the another aspect, a method of fabricating an
organic light emitting diode display device includes forming
a plurality of gate lines and a plurality of data lines to define
a plurality of pixel regions, each pixel region including red,
green, first blue and second blue sub-pixels; forming a thin
film transistor in each pixel region, wherein the first electrode
in the second blue sub-pixel has a multi-layered structure of
the first electrode layer and at least one metal layer; forming
a first electrode electrically connected to a drain electrode of
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the thin film transistor; forming an insulating layer exposing
the first electrode; sequentially forming a hole injecting layer
and a hole transporting layer stacked on the first electrode;
forming red, green and blue emitting layer on the hole trans-
porting layer, the red emitting layer being in the red sub-pixel,
the green emitting layer being in the green sub-pixel, and the
blue emitting layer being in the first and second blue sub-
pixels; sequentially forming an electron transporting layer
and an electron injecting layer sequentially stacked on the
red, green and blue emitting layers; and forming a second
electrode on the insulating layer and the electron injecting
layer.

[0030] Preferably, the first blue sub-pixel may display a
light-blue color, and the second blue sub-pixel may display a
deep-blue color.

[0031] Preferably, the multi-layered structure may be a
double-layered structure of the first electrode layer and a first
metal layer under the first electrode layer, and the first metal
layer may include Ag or Ag alloy, and wherein the first elec-
trode layer may include ITO or IZO or other transparent
conductive materials.

[0032] Preferably, the multi-layered structure may be a
triple-layered structure of the first electrode layer, a first metal
layer on the first electrode layer and a second metal layer on
the first metal layer, and each of the first electrode layer and
the second metal layer includes ITO or 17O or other trans-
parent conductive materials, and wherein the first metal layer
includes Ag or Ag alloy.

[0033] Preferably, the first electrode layer may have a
thickness more than 0 angstrom and less than about 300
angstroms, and the first metal layer may have a thickness of
about 100 to 200 angstroms.

[0034] Preferably, the first electrode layer may have a
thickness more than 0 angstrom and less than about 300
angstroms, and the first metal layer may have a thickness of
about 100 to 200 angstroms, and wherein the second metal
layer may have a thickness more than 0 angstrom and less
than about 100 angstroms.

[0035] Preferably, the blue emitting layer in the first and
second blue sub-pixels may include the same blue phospho-
rescent organic material.

[0036] Preferably, the second electrode may include Al.
[0037] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] 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 invention.
[0039] FIG. 1 shows power consumption according to
materials of an emitting material for the OLED display
device.

[0040] FIG. 2 is a schematic plane view of the sub-pixel
arrangement in the related art OLED device.

[0041] FIG. 3 is a schematic cross-sectional view of the
related art OLED display device including red, green, first
blue and second blue sub-pixels.

[0042] FIG. 4 is a schematic cross-sectional view of an
OLED display device according to an exemplary embodi-
ment of the present invention.
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[0043] FIGS. 5A to 57 are cross-sectional views showing
fabricating processes of an OLED display device according to
an exemplary embodiment of the present invention.

[0044] FIG. 6 is a schematic cross-sectional view of an
OLED display device according to another exemplary
embodiment of the present invention.

[0045] FIG. 7is a color-coordinate of first and second blue
colors in an OLED display device according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0046] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0047] FIG. 4 is a schematic cross-sectional view of an
OLED display device according to an exemplary embodi-
ment of the present invention.

[0048] As shown in FIG. 4, a gate electrode 202 is formed
on a substrate 201. For example, the gate electrode 202 may
have a double-layered structure of molybdenum (Mo) and
aluminum alloy (AINd).

[0049] On the gate electrode 202, a gate insulating layer
203 is formed to cover the substrate 201.

[0050] On the gate insulating layer 203, an oxide semicon-
ductor layer 204 is formed to correspond to a region where the
gate electrode 202 is formed. For example, the oxide semi-
conductor layer 204 may be formed of an oxide semiconduc-
tor material such as indium-gallium-zinc-oxide (IGZ0) or
indium-tin-zinc-oxide (ITZO). The oxide semiconductor
layer 204 may have a width larger than the gate electrode 202.
On the oxide semiconductor layer 204, an etch-stopper 205 is
formed to prevent damages on the oxide semiconductor layer
204 resulting from an etching process of a metallic material
for source and drain electrodes. For example, the etch-stopper
205 may have substantially the same width as the gate elec-
trode 202. The source and drain electrodes 206a and 2065 are
formed on the oxide semiconductor layer 204. The source and
drain electrodes 206a and 2065 are spaced apart from each
other with the etch-stopper 205 therebetween.

[0051] The gate electrode 202, the gate insulating layer
203, the semiconductor layer 204, the etch-stopper 205, the
source electrode 2064 and the drain electrode 2065 constitute
a driving thin film transistor in each sub-pixel region.
Although notshown, a plurality of gate lines and a plurality of
data lines are formed on the substrate 201. The gate lines and
the data lines cross each other to define the pixel regions. Each
pixel region includes red, green, light-blue and deep-blue
sub-pixels R, G, B1 and B2. In addition, a switching thin film
transistor, which is connected to the gate line, the data line and
the driving thin film transistor, is formed on the substrate and
in each sub-pixel regions R, G, B1 and B2.

[0052] A first insulating layer 207 is formed on the sub-
strate 201, where the source and drain electrodes 206a and
206b are formed, and a contact hole exposing the drain elec-
trode 2065 is formed through the first insulating layer 207. In
a deep-blue sub-pixel B2, a first metal layer 220 is formed.
The first metal layer 220 may be formed of Ag or Ag alloy.
[0053] Next, a firstelectrode layer 208 is formed on the first
insulating layer 207 and the first metal layer 220. The first
electrode layer 208 is electrically connected to the drain elec-
trode 2065 through the contact hole. The first electrode layer
208 may be formed of a transparent conductive material such
as ITO or IZO or other transparent materials.
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[0054] As aresult, the first electrode layer 208 and the first
metal layer 220 are formed in the deep-blue sub-pixel B2, and
the first electrode layer 208 without the first metal layer 220 is
formed in the red, green and light-blue sub-pixels R, G and
B1.Inother words, a first electrode in the deep-blue sub-pixel
B2 has a double-layered structure of the first metal layer 220
and the first electrode layer 208, while a first electrode in the
red, green and light-blue sub-pixel R, G and B1 has a single-
layered structure of the first electrode layer 208.

[0055] After forming the first metal layer 220 and the first
electrode layer 208, a second insulating layer 209 defining
each of the sub-pixels R, G, Bl and B2 is formed, and a hole
injecting layer 210 and a hole transporting layer 211 are
sequentially formed on the first electrode layer 208 in each of
the sub-pixels R, G, B1 and B2.

[0056] A redphosphorescent emitting layer 212R is formed
on the hole transporting layer 211 in the red sub-pixel R, and
a green phosphorescent emitting layer 212G is formed on the
hole transporting layer 211 in the green sub-pixel G. In addi-
tion, a blue phosphorescent emitting layer 212B is formed on
the hole transporting layer 211 in the light-blue sub-pixel B1
and the deep-blue sub-pixel B2.

[0057] For example, the red phosphorescent emitting layer
212R may include a host material such as carbazole biphenyl
(CBP) or 1,3-bis(carbazol-9-yl) (mCP) and a dopant such as
(bis(1-phenylisoquinoline)acetylacetonate iridium) (PIQIr
(acac)), bis(1-henylquinoline)acetylacetonate iridium) (PQIr
(acac)), (tris(1-phenylquinoline)iridium) (PQIr), or (octaeth-
ylporphyrin platinum) (PtOEP).

[0058] The green phosphorescent emitting layer 212G may
include ahost material such as CBP or mCP and a dopant such
as fac-tris(2-phenylpyridine)iridium (Ir(ppy)s;).

[0059] The blue phosphorescent emitting layer 212B may
include ahost material such as CBP or mCP and a dopant such
as Flrpic ([bis(4,6-di-fluorophenyl)-pyridinato-N,C2'],iri-
dium).

[0060] However, the materials for the red, green and blue
phosphorescent emitting layers 212R, 212G and 212B are not
limited thereto.

[0061] On the red, green and blue phosphorescent emitting
layers 212R, 212G and 212B, an electron transporting layer
213 and an electron injecting layer 214 are sequentially
formed, and a second electrode layer 215 is formed to cover
the electron injecting layer 214 and the second insulating
layer 209. For example, the second electrode layer 215 may
include aluminum (Al).

[0062] FIG. 6 is a schematic cross-sectional view of an
OLED display device according to another exemplary
embodiment of the present invention.

[0063] As shown in FIG. 6, a gate electrode 302 is formed
on a substrate 301. For example, the gate electrode 302 may
have a double-layered structure of molybdenum (Mo) and
aluminum alloy (AINd).

[0064] On the gate electrode 302, a gate insulating layer
303 is formed to cover the substrate 301.

[0065] On the gate insulating layer 303, an oxide semicon-
ductorlayer 304 is formed to correspond to a region where the
gate electrode 302 is formed. For example, the oxide semi-
conductor layer 304 may be formed of an oxide semiconduc-
tor material such as indium-gallium-zinc-oxide (IGZ0) or
indium-tin-zinc-oxide (ITZO). The oxide semiconductor
layer 304 may have a width larger than the gate electrode 302.
On the oxide semiconductor layer 304, an etch-stopper 305 is
formed to prevent damages on the oxide semiconductor layer
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304 resulting from an etching process of a metallic material
for source and drain electrodes. For example, the etch-stopper
305 may have substantially the same width as the gate elec-
trode 302. The source and drain electrodes 306a and 3065 are
formed on the oxide semiconductor layer 304. The source and
drain electrodes 3064 and 3065 are spaced apart from each
other with the etch-stopper 305 therebetween.

[0066] A first insulating layer 307 is formed on the sub-
strate 301, where the source and drain electrodes 306a and
3064 are formed, and a contact hole 308% exposing the drain
electrode 3065 is formed through the first insulating layer
307. A first electrode layer 308 is deposited on the first insu-
lating layer 307. The first electrode layer 308 is electrically
connected to the drain electrode 3064 through the contact
hole. The first electrode layer 308 may be formed of a trans-
parent conductive material such as ITO or 1ZO.

[0067] On the first electrode layer 308, a first metal layer
320 is deposited. The first metal layer 320 may be formed of
Ag or Ag alloy.

[0068] Sequentially, a second metal layer 330 is deposited
onthe first metal layer 320. the second metal layer 330 may be
formed of ITO or other transparent materials.

[0069] Next, by performing a half-tone mask process, the
first electrode layer 308, the first metal layer 320 and the
second metal layer 330 are formed in the deep-blue sub-pixel
B2, and the first electrode 308 without the first and second
metal layers 320 and 330 is formed in the red, green and blue
sub-pixels R, G and B1. In other words, a first electrode in the
deep-blue sub-pixel B2 has a triple-layered structure of the
first electrode layer 308, the first metal layer 220 and the
second metal layer 330, while a first electrode in the red,
green and light-blue sub-pixel R, G and B1 has a single-
layered structure of the first electrode layer 308.

[0070] After forming the first and second metal layers 320
and 330 and the first electrode layer 308, a second insulating
layer 309 defining each of the sub-pixels R, G, Bl and B2, and
aholeinjecting layer 310 and a hole transporting layer 311 are
sequentially formed on the second metal layer 330 in the
deep-blue sub-pixel B2 and the first electrode layer 308 in
each of the red, green and light-blue sub-pixels R, G and B1.
[0071] A red phosphorescent emitting layer 312R is formed
on the hole transporting layer 311 in the red sub-pixel R, and
a green phosphorescent emitting layer 312G is formed on the
hole transporting layer 311 in the green sub-pixel G. In addi-
tion, a blue phosphorescent emitting layer 312B is formed on
the hole transporting layer 311 in the light-blue sub-pixel B1
and the deep-blue sub-pixel B2.

[0072] For example, the red phosphorescent emitting layer
312R may include a host material such as carbazole biphenyl
(CBP) or 1,3-bis(carbazol-9-yl) (mCP) and a dopant such as
(bis(1-phenylisoquinoline)acetylacetonate iridium) (PIQIr
(acac)), bis(1-henylquinoline)acetylacetonate iridium) (PQIr
(acac)), (tris(1-phenylquinoline)iridium) (PQIr), or (octaeth-
ylporphyrin platinum) (PtOEP).

[0073] The green phosphorescent emitting layer 312G may
include ahost material such as CBP or mCP and a dopant such
as fac-tris(2-phenylpyridine)iridium (Ir(ppy);).

[0074] The blue phosphorescent emitting layer 312B may
include ahost material such as CBP or mCP and a dopant such
as Flrpic, (4,6-F2 ppy).lrpic, or L2BDI111.

[0075] However, the materials for the red, green and blue
phosphorescent emitting layers 312R, 312G and 312B arenot
limited thereto.
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[0076] On the red, green and blue phosphorescent emitting
layers 312R, 312G and 312B, an electron transporting layer
313 and an electron injecting layer 314 are sequentially
formed, and a second electrode layer 315 is formed to cover
the electron injecting layer 314 and the second insulating
layer 209. For example, the second electrode layer 315 may
include aluminum (Al).

[0077] Hereinafter, referring to FIGS. 5A to 5], which are
cross-sectional views showing fabricating processes of an
OLED display device according to an exemplary embodi-
ment of the present invention, a method of fabricating an
OLED display device shown in FIG. 4 will be illustrated.
[0078] After depositing a metal layer for the gate electrode
202 on the substrate 201 as shown in FIG. 5A, the gate
electrode 202 is formed by a mask process as shown in FIG.
5B. The gate electrode 202 has a double-layered structure of
Mo and AINd. After sequentially depositing Mo and AINd
layers, the AINd and Mo layers are sequentially etched to
form the gate electrode 202.

[0079] Next, as shown in FIG. 5C, the gate insulating layer
203 is formed on the substrate 201, where the gate electrode
202 is formed, and the oxide semiconductor material layer is
formed on the gate insulating layer 203.

[0080] Asshown in FIG. 5D, the oxide semiconductor layer
is patterned by a mask process to form the oxide semiconduc-
tor layer 204 over the gate electrode 202. The oxide semicon-
ductor layer 204 overlaps the gate electrode 202. The oxide
semiconductor layer 204 may be formed of IGZO, ITZ0 or
indium-aluminum-zinc-oxide (IAZO).

[0081] Next, as shown in FIG. 5E, the etch-stopper 205 is
formed on the oxide semiconductor layer 204, and the source
electrode 206a and the drain electrode 2065, which are
spaced apart from each other with the etch-stopper 205 ther-
ebetween, are formed. The damages on the oxide semicon-
ductor layer 204 resulting from an etching process for the
source and drain electrodes 206a and 2065 is prevented due to
the etch-stopper 205.

[0082] Next, as shown in FIG. 5F, after forming the source
and drain electrodes 2064 and 2065, the first insulating layer
207 is formed over the substrate 201. The first insulating layer
209 is patterned to form the contact hole for contacting the
drain electrode 2065 and the first electrode layer 208.
[0083] Next, the first metal layer 220 is formed on the first
insulating layer 209 and in the deep-blue sub-pixel B2. The
first metal layer 220 is formed of Ag or Ag alloy and has a
thickness of about 100 to 200 angstroms.

[0084] Next, as shown in FIG. 5G, the first electrode layer
208 is formed on the first insulating layer 209 and the first
metal layer 220. For example, the first electrode layer 208 is
formed of ITO or IZO or other transparent conductive mate-
rials and has a thickness more than 0 angstrom and less than
about 300 angstroms. If the first metal layer 220 is too thick,
the color of the deep blue light could be changed when pass-
ing through the first metal layer 220, because the present
invention is bottom-emission type organic light emitting
diode display device.

[0085] Next, as shown in FIG. 5H, by etching the first
electrode layer 208, a double-layered structure of the first
metal layer 220 and the first electrode layer 208 is formed in
the deep-blue sub-pixel B2, and a single-layered structure of
the first electrode layer 208 is formed in each of the red, green
and light-blue sub-pixels R, G and B1.

[0086] Next, as shown in FIG. 5, the second insulating
layer 209 is formed to define the sub-pixels R, G, B1 and B2.
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[0087] Next, as shown in FIG. 5], the hole injecting layer
210, the hole transporting layer 211, the red, green and blue
phosphorescent emitting layers 212R, 212G and 212B, the
electron transporting layer 213, the electron injecting layer
214 and the second electrode 215 are formed. The red phos-
phorescent emitting layer 212R is formed in the red sub-pixel
R, and the green phosphorescent emitting layer 212G is
formed in the green sub-pixel G. The blue phosphorescent
emitting layer 212B is formed in the light-blue sub-pixel B1
and the deep-blue sub-pixel B2. The second electrode layer
215 includes Al.

[0088] In the OLED shown in FIG. 6, the processes for
fabricating the gate electrode to the first insulating layer are
substantially same as the above-illustrated processes.

[0089] After forming the first insulating layer 307, the first
electrode layer 308, the first metal layer 320 and the second
metal layer 330 are sequentially deposited.

[0090] For example, the first electrode layer 308 includes
ITO and has a thickness less than about 300 angstroms. If the
first metal layer 320 is too thick, the color of the deep blue
light could be changed when passing through the first metal
layer 320, because the present invention is bottom-emission
type organic light emitting diode display device. So the first
metal layer 320 is desirable to include Ag or Ag alloy and to
have a thickness of about 100 to 200 angstroms. The second
metal layer 330 includes I'TO and has a thickness more than 0
angstrom and less than about 100 But the present invention is
not limited thereto.

[0091] Next, by etching the first electrode layer 308, the
first metal layer 320 and the second metal layer 330 using a
half-tone mask process, a triple-layered structure of the first
electrode layer 308, the first metal layer 320 and the second
metal layer 330 are formed in the deep-blue sub-pixel B2, and
a single-layered structure of the first electrode 308 is formed
in the red, green and blue sub-pixels R, G and B1.

[0092] Next, the hole injecting layer 310, the hole trans-
porting layer 311, the red, green and blue phosphorescent
emitting layers 312R, 312G and 312B, the electron transport-
ing layer 313, the electron injecting layer 314 and the second
electrode 315 are formed. The red phosphorescent emitting
layer 312R is formed in the red sub-pixel R, and the green
phosphorescent emitting layer 312G is formed in the green
sub-pixel G. The blue phosphorescent emitting layer 312B is
formed in the light-blue sub-pixel B1 and the deep-blue sub-
pixel B2. The second electrode layer 315 includes Al.
[0093] The phosphorescent organic material has excellent
efficiency and lifetime. When the same blue phosphorescent
organic material is deposited in the light-blue region and the
deep-blue region, the light-blue color of an inherent property
of the phosphorescent organic material is displayed in the
light-blue region. However, in the deep-blue region, a deep-
blue color is displayed due to a micro-cavity effect induced
between the first metal layer 220,320 on or under the first
electrode layer 208,308 and the second electrode 215,315.
[0094] Deep blue light can be displayed by the micro-cav-
ity effect that a specific wavelength of the light gets amplified
by constructive reinforcement with reflecting repeatedly
between the fi-rst metal layer 220,320 on or under the first
electrode layer 208,308 and the second electrode 215,315
respectively. The specific wavelength can be decided by the
distance between the first metal layer 220,320 and the second
electrode 215,315.

[0095] FIG. 7 is a color-coordinate of first and second blue
colors in an OLED display device according to an exemplary
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embodiment of the present invention. The first blue color of
the light-blue color is marked as “Gamut1”, and the second
blue color of the deep-blue color is marked as “Gamut2”.
With the same light-blue phosphorescent organic material
used in the light-blue region and the deep-blue region, the
color-coordinate of the light displayed in the light-blue region
and the deep-blue region is different.

[0096] Table 1 shows the color-coordinate in FI1G. 7.
TABLE 1
TE x y
Gamut_B1 0.1597 0.1899
Gamut_B2 0.1477 0.0624
[0097] In the CIE color-coordinate index, as CIE(y) is

higher, the light-blue is displayed. Accordingly, “Gamut1” is
the light-blue color, and “Gamut2” is the deep-blue color.
[0098] Inthe OLED display device and the method of fab-
ricating the OLED display device of present invention, since
the light-blue color and the deep-blue color are displayed
using the same blue phosphorescent organic material by
forming a metal layer of Ag or Ag alloy in the deep-blue
sub-pixel, one step of depositing an organic material is omit-
ted and power consumption is reduced. Inaddition, the OLED
display device having an increased lifetime with the four-
pixels can be provided.

[0099] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. An organic light emitting diode display device, compris-

ing:

a substrate;

a plurality of pixel regions defined by a plurality of gate
lines and a plurality of data lines formed on the substrate,
each pixel region including red, green, first blue and
second blue sub-pixels;

a thin film transistor in each pixel region;

a first electrode electrically connected to a drain electrode
of each of the thin film transistor;

an insulating layer exposing the first electrode;

ahole injecting layer and a hole transporting layer sequen-
tially stacked on the first electrode;

red, green and blue emitting layer on the hole transporting
layer, the red emitting layer being in the red sub-pixel,
the green emitting layer being in the green sub-pixel, and
the blue emitting layer being in the first and second blue
sub-pixels;

an electron transporting layer and an electron injecting
layer sequentially stacked on the red, green and blue
emitting layers; and

a second electrode on the insulating layer and the electron
injecting layer,

wherein the first electrode in the second blue sub-pixel has
a multi-layered structure of the first electrode layer and
at least one metal layer.

2. The device according to claim 1, wherein the first blue

sub-pixel displays a light-blue color, and the second blue
sub-pixel displays a deep-blue color.
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3. The device according to claim 1, wherein the multi-
layered structure is a double-layered structure of the first
electrode layer and a first metal layer under the first electrode
layer, and the first metal layer includes Ag or Ag alloy, and
wherein the first electrode layer includes ITO or IZO or other
transparent conductive materials.

4. The device according to claim 1, wherein the multi-
layered structure is a triple-layered structure of the first elec-
trode layer, a first metal layer on the first electrode layer and
a second metal layer on the first metal layer, and each of the
first electrode layer and the second metal layer includes ITO
or 170 or other transparent conductive materials, and wherein
the first metal layer includes Ag or Ag alloy.

5. The device according to claim 3, wherein the first elec-
trode layer has a thickness more than 0 angstrom and less than
about 300 angstroms, and the first metal layer has a thickness
of about 100 to 200 angstroms.

6. The device according to claim 4, wherein the first elec-
trode layer has a thickness more than 0 angstrom and less than
about 300 angstroms, and the first metal layer has a thickness
of about 100 to 200 angstroms, and wherein the second metal
layer has a thickness more than 0 angstrom and less than
about 100 angstroms.

7. The device according to claim 1, wherein the blue emit-
ting layer in the first and second blue sub-pixels includes the
same blue phosphorescent organic material.

8. The device according to claim 1, wherein the second
electrode includes Al.

9. A substrate for an organic light emitting diode display
device, comprising:

a substrate;

a plurality of pixel regions defined by a plurality of gate
lines and a plurality of data lines formed on the substrate,
each pixel region including red, green, first blue and
second blue sub-pixels;

a thin film transistor in each pixel region,

a first electrode electrically connected to a drain electrode
of the thin film transistor;

an insulating layer exposing the first electrode;

ahole injecting layer and a hole transporting layer sequen-
tially stacked on the first electrode;

red, green and blue emitting layer on the hole transporting
layer, the red emitting layer being in the red sub-pixel,
the green emitting layer being in the green sub-pixel, and
the blue emitting layer being in the first and second blue
sub-pixels;

an electron transporting layer and an electron injecting
layer sequentially stacked on the red, green and blue
emitting layers; and

a second electrode on the insulating layer and the electron
injecting layer,

wherein the first electrode in the second blue sub-pixel has
a multi-layered structure of the first electrode layer and
at least one metal layer.

10. The substrate according to claim 9, wherein the multi-
layered structure is a double-layered structure of the first
electrode layer and a first metal layer under the first electrode
layer, or a triple-layered structure of the first electrode layer,
a first metal layer on the first electrode layer and a second
metal layer on the first metal layer.
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11. The substrate according to claim 9, wherein the blue
emitting layer in the first and second blue sub-pixels includes
the same blue phosphorescent organic material.

12. A method of fabricating an organic light emitting diode
display device, comprising:

forming a plurality of gate lines and a plurality of data lines

to define a plurality of pixel regions, each pixel region
including red, green, first blue and second blue sub-
pixels;

forming a thin film transistor in each pixel region;

forming a first electrode electrically connected to a drain

electrode of the thin film transistor in each pixel region,
wherein the first electrode in the second blue sub-pixel
has a multi-layered structure of the first electrode layer
and at least one metal layer;

forming an insulating layer exposing the first electrode;

sequentially forming a hole injecting layer and a hole trans-

porting layer stacked on the first electrode;

forming red, green and blue emitting layer on the hole

transporting layer, the red emitting layer being in the red
sub-pixel, the green emitting layer being in the green
sub-pixel, and the blue emitting layer being in the first
and second blue sub-pixels;

sequentially forming an electron transporting layer and an

electron injecting layer sequentially stacked on the red,
green and blue emitting layers; and

forming a second electrode on the insulating layer and the

electron injecting layer.

13. The method according claim 12, wherein the first blue
sub-pixel displays a light-blue color, and the second blue
sub-pixel displays a deep-blue color.

14. The method according claim 12, wherein the multi-
layered structure is a double-layered structure of the first
electrode layer and a first metal layer under the first electrode
layer, and the first metal layer includes Ag or Ag alloy, and
wherein the first electrode layer includes ITO or IZO or other
transparent conductive materials.

15. The method according claim 12, wherein the multi-
layered structure is a triple-layered structure of the first elec-
trode layer, a first metal layer on the first electrode layer and
a second metal layer on the first metal layer, and each of the
first electrode layer and the second metal layer includes ITO
or 170 or other transparent conductive materials, and wherein
the first metal layer includes Ag or Ag alloy.

16. The method according claim 14, wherein the first elec-
trode layer has athickness more than 0 angstrom and less than
about 300 angstroms, and the first metal layer has a thickness
of about 100 to 200 angstroms.

17. The method according claim 15, wherein the first elec-
trode layer has athickness more than 0 angstrom and less than
about 300 angstroms, and the first metal layer has a thickness
of about 100 to 200 angstroms, and wherein the second metal
layer has a thickness more than 0 angstrom and less than
about 100 angstroms.

18. The method according claim 12, wherein the blue emit-
ting layer in the first and second blue sub-pixels includes the
same blue phosphorescent organic material.

19. The method according claim 12, wherein the second
electrode includes Al.

* #* * #* #®
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