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(57) ABSTRACT

There is provided an organic light-emitting diode (OLED)
display device, including;: a first substrate on which a plurality
of sub-pixel areas are defined; a plurality of first electrodes in
the plurality of sub-pixel areas, respectively; and a plurality of
light-emitting layers over the plurality of first electrodes and
corresponding to the plurality of sub-pixel areas, respec-
tively; wherein at least one of the plurality of light-emitting
layers extends to a neighboring sub-pixel area among the
plurality of sub-pixel areas, and has an occupied area in the
neighboring sub-pixel area.
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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims the priority benefit of
Korean Patent Application No. 10-2011-0131589 filed in the
Republic of Korea on Dec. 9, 2011, which is hereby incorpo-
rated by reference herein in its entirety.

BACKGROUND

1. Field of the Disclosure

The present disclosure generally relates to an organic light-
emitting diode (OLED) display device, and more particularly,
to an organic light-emitting diode (OLED) display device
capable of displaying images with improved quality and a
method of manufacturing the same.

2. Discussion of the Related Art

Recently, aslim, light-weight, flat panel display having low
power consumption has been developed and applied to vari-
ous technical fields.

In an organic light-emitting diode (OLED) display device,
charges are injected into a light-emitting layer formed
between a cathode electrode which is an electron injection
electrode, and an anode electrode which is a hole injection
electrode. The injected charges combine with holes in the
light-emitting layer to form electron-hole pairs that emit light.
The OLED display device can be formed on a flexible sub-
strate such as a plastic substrate, provide excellent colors due
to self-luminescence, and also minimize power consumption
since it can be driven at a low voltage (below 10 V).

The OLED display device includes red, green, and blue
light-emitting layers corresponding to, for example, red,
green, and blue sub-pixel areas.

Hereinafter, a related art OLED display device will be
described with reference to FIG. 1. FIG. 1 is a cross-sectional
view schematically showing a related art OLED display
device.

As shown in FIG. 1, red, green, and blue sub-pixel areas R,
G, and B are defined on a substrate 1.

Also, on the substrate 1, first electrodes 2 are formed in
correspondence to the red, green, and blue sub-pixel areas R,
G, and B.

A hole transport layer 3 is formed to cover the entire first
electrodes 2.

On the hole transport layer 3, ared light-emitting layer 4, a
green light-emitting layer 5, and a blue light-emitting layer 6
are respectively formed in correspondence to the red, green,
and blue sub-pixel areas R, G, and B.

An electron transport layer 7 is formed on the red, green,
and blue light-emitting layers 4, 5, and 6, and a second elec-
trode 8 is formed on the electron transport layer 7.

Hereinafter, a method of manufacturing the related art
OLED display device will be briefly described with reference
to F1G. 2. FIG. 2 isa view schematically showing processes of
manufacturing the related art OLED display device. FIG. 2
shows red, green, and blue sub-pixel areas R, G, and B, and
red, green, and blue fine metal masks RFMM, GFMM, and
BFMM corresponding to the red, green, and blue sub-pixel
areas R, G, and B.

Referring to FIG. 2, the respective red, green, and blue fine
metal masks RFMM, GRMM, and BFMM have red, green,
and blue patterns RP, GP. and BP corresponding to the sub-
pixel areas R, G, and B.
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2

First, a substrate (1 of FIG. 1) on which red, green, and blue
sub-pixel areas R, G, and B are defined, is prepared (s1), and
then red light-emitting layers (4 of FIG. 1) are formed using
the red fine metal mask RFMM with the red patterns RP
corresponding to the red sub-pixel areas R (s2). Successively,
green light-emitting layers (5 of FIG. 1) are formed using the
green fine metal mask GFMM with the green patterns GP
corresponding to the green sub-pixel areas G (s3), and finally,
blue light-emitting layers (6 of FIG. 1) are formed using the
blue fine metal mask BFMM with the blue patterns BP cor-
responding to the blue sub-pixel areas B (s4).

That is, in the related art OLED display device, the respec-
tive light-emitting layers 4, 5, and 6 are formed in correspon-
dence to the respective sub-pixel areas R, G, and B. In other
words, the sub-pixel areas R, G, and B, 1:1, correspond to the
light-emitting layers 4, 5, and 6.

However, the OLED display device does not meet the color
coordinate standard ITU-R BT.709 (International Telecom-
munication Union Radiocommunication sector Broadcasting
service Television.709) that represents the color reproduction
range of high definition television (HDTV).

Generally, an OLED display device processes images
according to the ITU-R BT.709, however, the processed
images are transmitted based on the NTSC (National Televi-
sion Standards Committee) which is an analog image stan-
dard, and the color reproduction range of the NTSC is differ-
ent from the color reproduction range of the ITU-R BT.709.

The following Table 1 shows color coordinator values of
the NTSC and ITU-R BT.709, based on coordinator values
designated by the CIE (International Commission on I1lumi-
nation) in 1931.

TABLE 1
CIE1931x.y
Red Sub- Green Sub- Blue Sub-
pixel Area pixel Area pixel Area
Standard X v X y X y
NTSC 0.670  0.330  0.210 0710  0.140  0.080
ITU-R BT.709 0.640  0.330 0300  0.600 0.150  0.060

The color reproduction range of a related art OLED display
device will be described with reference to FIG. 3 and Table 2,
below.

FIG. 3 shows simulation results of luminescence spec-
trums of the red, green, and blue sub-pixel areas in the related
art OLED display device, and Table 2 shows ITU-R BT.709
color coordinate values that represent the color reproduction
ranges of the red, green, and blue sub-pixel areas of the
related art OLED display device, wherein the color coordi-
nate values of the ITU-R BT.709 are based on coordinator
values designated by the CIE in 1931.

As shown in FIG. 3, a blue sub-pixel area (B of FIG. 1) has
aluminescence peak at a wavelength of about 450 nm, a green
sub-pixel area (G of FIG. 1) has a luminescence peak at a
wavelength of about 550 nm, and a red sub-pixel area (R of
FIG. 1) has a luminescence peak at a wavelength of about 630
nm.

Also, the color coordinate values of the red, green, and blue
sub-pixel areas (R, G, and B of FIG. 1), as shown in Table 2
for the OLED display device, are significantly different from
the color coordinate values of the ITU-R BT.709.
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TABLE 2
X y
Red Sub-pixel Area 0.67 0.33
Green Sub-pixel Area 0.19 0.75
Blue Sub-pixel Area 0.14 0.06

Accordingly, arelated art OLED display device requires an
additional algorithm and circuit for processing and convert-
ing an image having NTSC color coordinate values so that the
image can be represented by ITU-R BT.709 color coordinate
values, which leads to an increase of manufacturing cost.

Additionally, since the related art OLED display device
does not satisfy the color reproduction range of the ITU-R
BT.709 directly, it requires an additional algorithm for repre-
senting the color reproduction range of the ITU-R BT.709.
Implementation of this additional algorithm also requires an
accompanying circuit.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an organic
light-emitting diode (OLED) display device that substantially
obviates one or more of the problems due to limitations and
disadvantages of the related art.

An object of the present disclosure is to provide an OLED
display device capable of satisfying the color reproduction
range of the ITU-R BT.709 by extending a light-emitting
layer formed in each sub-pixel area to its neighboring sub-
pixel area without having to use a separate algorithm and an
additional driving circuit, and a method of manufacturing the
OLED display device.

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. The objectives 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.

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 (OLED) display device, including: a first sub-
strate on which a plurality of sub-pixel areas are defined; a
plurality of first electrodes in the plurality of sub-pixel areas,
respectively; and a plurality of light-emitting layers over the
plurality of first electrodes and corresponding to the plurality
of sub-pixel areas, respectively; wherein at least one of the
plurality of light-emitting layers extends to a neighboring
sub-pixel area among the plurality of sub-pixel areas, and has
an occupied area in the neighboring sub-pixel area.

In another aspect, there is provided a method of manufac-
turing an organic light-emitting diode (OLED) display device
including a first substrate in which a plurality of sub-pixel
areas are defined, a plurality of first electrodes in the plurality
of sub-pixel areas, and a plurality of light-emitting layers over
the plurality of first electrodes and corresponding to the plu-
rality of sub-pixel areas, respectively, wherein at least one of
the plurality of light-emitting layers extends to a neighboring
sub-pixel area among the plurality of sub-pixel areas, and has
an occupied area in the neighboring sub-pixel area, the
method including: aligning a fine metal mask that corre-
sponds to the first light-emitting layer and has a wider pattern
than the first sub-pixel area, on the substrate, and depositing
a host and dopant for forming the first light-emitting layer to
thereby form the first light-emitting layer; aligning a fine
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metal mask that corresponds to the second light-emitting
layer and has a narrower pattern than the second sub-pixel
area, on the substrate, and depositing a host and dopant for
forming the second light-emitting layer to thereby form the
second light-emitting layer: and aligning a fine metal mask
having a pattern that corresponds to the third light-emitting
layer, on the substrate, and depositing a host and dopant for
forming the third light-emitting layer to thereby form the
third light-emitting layer.

It is to 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

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a cross-sectional view schematically showing a
related art organic light-emitting diode (OLED) display
device;

FIG. 2 is a view schematically showing processes of manu-
facturing the related art OLED display device;

FIG. 3 shows simulation results of luminescence spec-
trums of red, green, and blue sub-pixel areas in the related art
OLED display device;

FIG. 4 is an example showing the cross-section of a sub-
pixel area of an OLED display device according to an
embodiment of the present invention;

FIG. 5 is a cross-sectional view schematically showing a
part of the OLED display device shown in FIG. 4, and shows
light-emitting diodes formed in red, green, and blue sub-pixel
areas;

FIG. 6 1s an example schematically showing an OLED
display device according to a first embodiment of the present
invention when it is seen from the front, and shows sub-pixel
areas, and red, green, and blue light-emitting layers formed in
the sub-pixel areas;

FIG. 7 is an example schematically showing processes of
manufacturing the OLED display device shown in FIG. 6, and
shows red, green, and blue sub-pixel areas, and fine metal
masks used in the red, green, and blue sub-pixel areas, respec-
tively;

FIG. 8 shows a luminescence spectrum of a red sub-pixel
area of the OLED display device shown in FIG. 6;

FIG. 9 is an example schematically showing an OLED
display device according to a second embodiment of the
present invention when it is seen from the front, and shows
sub-pixel areas, and red, green, and blue light-emitting layers
formed in the sub-pixel areas;

FIG. 10 is an example schematically showing processes of
manufacturing the OLED display device shown in FIG. 9, and
shows red, green, and blue sub-pixel areas, and fine metal
masks used in the red, green, and blue sub-pixel areas, respec-
tively;

FIG. 11 shows a luminescence spectrum of a green sub-
pixel area of the OLED display device shown in FIG. 9; and

FIG. 12 is a cross-sectional view schematically showing a
part of the OLED display device shown according to a third
embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Reference will now be made in detail to the embodiments,
examples of which are illustrated in the accompanying draw-
ings.
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FIG. 4 is an example showing the cross-section of a sub-
pixel area of an organic light-emitting diode (OLED) display
device according to an embodiment of the present invention;

As shown in FIG. 4, a sub-pixel area SP is defined on a
substrate 110.

The substrate 110 may be made of a transparent glass
material, a transparent plastic material having excellent flex-
ibility, or a polymer film.

The sub-pixel area SP may include red, green, and blue
sub-pixel areas (R, G, and B of FIG. 4) that emit red, green,
and blue lights, respectively.

Also, in the sub-pixel area SP, a switching thin film tran-
sistor (not shown) and a driving transistor DTr are formed,
and a first electrode (for example, an anode electrode) 147 is
formed to be connected to the drain electrode 136 of the
driving transistor DTr.

An emission material layer 155 is formed on the first elec-
trode 147, and the emission material layer 155 may have
different patterns in correspondence to the red, green, and
blue sub-pixel areas (R, G, and B of FIG. 5). This will be
described in more detail with reference to FIG. 5, later.

In more detail, at a location where the driving transistor
DTr will be formed on the substrate 110, a semiconductor
layer 113 including a first area 113a and second areas 1135 is
formed, wherein the first area 113a is made of polysilicon and
configures a channel, and the second areas 1135 are formed at
both sides of the first area 113a and doped with a high con-
centration of impurities. An insulating layer (not shown)
made of a non-organic material, such as SiO, or SiN,, may be
formed between the semiconductor layer 113 and the sub-
strate 110 to cover the entire surface of the substrate 110. The
reason for forming an insulating layer below the semiconduc-
tor layer 113 is to prevent the properties of the semiconductor
layer 113 from deteriorating due to alkali ions emitted from
the substrate 110 upon crystallization of the semiconductor
layer 113.

Also, a gate insulating film 116 is formed on the entire area
ofthe substrate 110 to cover the semiconductor layer 113, and
a gate electrode 120 is formed on the gate insulating film 116
in correspondence to the first area 113a of the semiconductor
layer 113.

Also, on the gate insulating film 116, a gate line (not
shown) connected to the gate electrode 120 of the driving
transistor DTr and extending in one direction is formed. Also,
the gate electrode 120 and the gate line may be formed of a
first metal material having low resistance, for example, a
material selected from among aluminum (Al), an aluminum
alloy (AINd), copper (Cu), a copper alloy, molybdenum
(Mo), and moly-titanium (MoTi).

Meanwhile, an interlayer insulating film 123 made of an
insulating material (for example, SiO, or SiN, which are
non-organic insulting materials) is formed on the gate elec-
trode 120 and the gate line over the remaining sub-pixel SP
area of the first substrate 110. Semiconductor layer contact
holes 125 are formed in the interlayer insulating film 123 and
the gate insulating film 116 to expose the second areas 1135
of the semiconductor layer 113.

Also, a data line (not shown) and a power line (not shown)
are formed on the interlayer insulating film 123 including the
semiconductor layer contact holes 125. The data line and the
power line cross the gate line to define a sub-pixel area SP, and
are formed of a second metal material which is at least one
material selected from among aluminum (Al), an aluminum
alloy (AINd), copper (Cu), a copper alloy, molybdenum
(Mo), moly-titanium (MoT1), chrome (Cr), and titanium (Ti).
The power line may be formed on the layer (that is, the gate
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insulating film 116) on which the gate line is formed, and
spaced apart from the gate line.

Source and drain electrodes 133 and 136 are formed on the
interlayer insulating film 123. The source and drain elec-
trodes 133 and 136 are spaced apart from each other, and
contact the second areas 1135 exposed through the semicon-
ductor layer contact holes 125. The source and drain elec-
trodes 133 and 136 are made of the same second metal mate-
rial as the data line.

The semiconductor layer 113, the gate insulating film 116,
the gate electrode 120, and the interlayer insulating film 123
that are sequentially applied form a driving transistor DTr
together with the source and drain electrodes 133 and 136
spaced apart from each other.

Although not shown in the drawing, a switching transistor
having the same layered structure as the driving transistor
DTr is formed on the substrate 110.

Meanwhile, a protection layer 140 having a drain contact
hole 143 that exposes the drain electrode 136 of the driving
transistor DTr is formed on the driving transistor DTr.

Also, a first electrode 147 is formed on the protection layer
140, and contacts the drain electrode 136 of the driving tran-
sistor DTr through the drain contact hole 143.

Then, a bank 150 is formed in the boundary of the sub-pixel
area SP on the first electrode 147. The bank 150 is made of an
insulating material, specifically, an organic insulating mate-
rial, for example, benzo cyclo butadiene (BCB), polyimide
resin, or photo acryle. The bank 150 may overlap the edge of
the first electrode 147 in a manner to surround the sub-pixel
area SP.

An emission material layer 155 is formed on the first elec-
trode 147 in the sub-pixel area SP surrounded by the bank
150.

A second electrode 158 is formed on the emission material
layer 155 and the bank 150.

The first electrode 147, the emission material layer 155,
and the second electrode 158 form a light-emitting diode E.

Hereinafter, a light-emitting diode E formed in each of red,
green, and blue sub-pixel areas will be described in more
detail with reference to FIG. 5.

FIG. 5 is a cross-sectional view schematically showing a
part of the OLED display device shown in FIG. 4, and shows
light-emitting diodes formed in red, green, and blue sub-pixel
areas R, G, and B.

As shown in FIG. 5, thered, green, and blue sub-pixel areas
R, G, and B are defined on the substrate 110.

Also, each of the red, green, and blue sub-pixel areas R, G,
and B includes the first electrode 147, the second electrode
158, and the emission material layer 155 formed between the
first and second electrodes 147 and 158.

In detail, the first electrode 147 is formed in correspon-
dence to each of the red, green, and blue sub-pixel areas R, G,
and B on the substrate 110.

The second electrode 158 is formed on the entire red,
green, and blue sub-pixel areas R, G, and B.

The emission material layer 155 may include a hole inject-
ing layer (HIL) 210, a hole transport layer (HTL) 220, light-
emitting layers 230, and an electron transport layer (ETL)
240.

The HIL 210 and HTL 220 are formed on the entire red,
green, and blue sub-pixel areas R, G, and B, and function to
facilitate injection and transportation of holes. One of the HIL
210 and the HTL 220 may be omitted and/or their functions
may be combined in a single layer.

The ETL 240 formed on the entire red, green, and blue
sub-pixel areas R, G, and B over the light-emitting layers 230
functions to facilitate transportation of electrons.
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Although not shown in FIG. 5, an electron injection layer
(EIL) may be further formed on the ETL 240 in order to
facilitate injection of electrons.

The light-emitting layers 230 may include a red light-
emitting layer (R-EML) 231, a green light-emitting layer
(G-EML) 232, and a blue light-emitting layer (B-EML) 233
in the red, green, and blue sub-pixel areas R, G, and B,
respectively.

Atleast one of the red, green, and blue light-emitting layers
231,232, and 233 may extend to a neighboring sub-pixel area.

For example, the blue light-emitting layer 233 formed in
the blue sub-pixel area B may extend to its neighboring sub-
pixel area R.

When at least one of the red, green, and blue light-emitting
layers 231, 232, and 233 extends to a neighboring sub-pixel
area SP, the amount of area in the neighboring sub-pixel area
SP occupied by the extended light-emitting layer may be set
based on the desired color reproduction range that is to be
implemented.

For example, an area by which a light-emitting layer 230
formed in a sub-pixel area SP occupies its neighboring sub-
pixel area may be adjusted such that the color reproduction
range ofthe OLED display satisfies the expected HDTV color
range for accurately producing an image according to a given
color coordinate standard (i.e., ITU-R BT.709).

Generally, a display processes images according to the
ITU-R BT.709, however, the processed images may be trans-
mitted based on the NTSC, and the color reproduction range
of the NTSC is different from the color reproduction range of
the ITU-R BT.709. Accordingly, a light-emitting layer 230
formed in a sub-pixel area SP may extend to its neighboring
sub-pixel area such that an image having color coordinate
values of the NTSC standard can be represented by color
coordinate values of the [TU-R BT.709. When each sub-pixel
area is driven, color reproduction by a light-emitting layer
corresponding to the sub-pixel area is done together with
color reproduction by a part of the light-emitting layer
extended to a neighboring sub-pixel, and color coordinate
values of the ITU-R BT.709 or other standards can be met.

In the OLED display device according to the present
embodiment, when the blue sub-pixel area B is driven, the
blue light-emitting layer 233 corresponding to the first elec-
trode 147 formed in the blue sub-pixel area B emits light, and
when the red sub-pixel area R is driven, the blue light-emit-
ting layer 233 and the red light-emitting layer 231 formed on
the first electrode 147 in the red sub-pixel area R emit light.
Thereby, the OLED display device produces the desired color
when driving a given sub-pixel area R.

First Embodiment

An OLED display device according to a first embodiment
will be described in detail with reference to FIGS. 6 and 7.

FIG. 6 is an example schematically showing the OLED
display device according to the first embodiment of the
present invention when it is seen from the front, and shows
sub-pixel areas, and red, green, and blue light-emitting layers
formed on the sub-pixel areas, and FIG. 7 is an example
schematically showing processes of manufacturing the
OLED display device shown in FIG. 6, and shows red, green,
and blue sub-pixel areas, and fine metal masks used in the red,
green, and blue sub-pixel areas, respectively.

As shown in FIG. 6, red, green, and blue sub-pixel areas R,
G, and B are sequentially arranged in an x-axis direction, and
red, green, and blue light-emitting layers 231, 232, and 233
are sequentially arranged on the red, green, and blue sub-pixel
areas R, G, and B, respectively, in the x-axis direction.
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The blue light-emitting layer 233 extends to the red sub-
pixel area R, as well as the blue sub-pixel area B.

A first occupied area SA1 of the red sub-pixel area R by the
blue light-emitting layer 233 may be 3-8% of the red sub-
pixel area R, and preferably, about ¥is (about 6-7%) of the red
sub-pixel area R.

The first occupied area SA1 may be set to an arbitrary area
capable of representing color coordinates of the ITU-R
BT.709.

Now, a method of manufacturing the OLED display device
shown in FIG. 6 will be briefly described with reference to
FIG. 7, below.

As shown in FIG. 7, in first operation S11, a substrate 110
on which red, green, and blue sub-pixel areas R, G, and B are
sequentially defined in an x-axis direction, is prepared.

Successively, in second operation S12, a red fine metal
mask RFMM for forming red light-emitting layers (231 of
FIG. 6) is aligned on the substrate 110, and a host and dopant
for forming the red light-emitting layers 231 are deposited to
thereby form the red light-emitting layers 231.

Patterns RP1 of the RFMM may be aligned in correspon-
dence to locations spaced by first widths w1 from one sides of
the red sub-pixel areas R. The reason is to form blue light-
emitting layers (233 of FIG. 6) in areas corresponding to the
first widths w1 of the red sub-pixel areas R. That is, the
patterns RP1 of the RFMM may be smaller than the red
sub-pixel areas R (e.g., by width w1) such that the patterns
BP1 of the blue fine metal mask BFMM may form a blue
light-emitting layer in a portion (e.g., width w1) of the red
sub-pixel area R.

Successively, in third operation S13, a green fine metal
mask GFMM for forming green light-emitting layers (232 of
FIG. 6) is aligned on the substrate 110, and a host and dopant
for forming the green light-emitting layers 232 are deposited
to thereby form the green light-emitting layers 232.

Patterns GP1 of the GFMM may be aligned in correspon-
denceto the green sub-pixel areas G. The reason is to form the
green light-emitting layers 232 in the green sub-pixel areas G.
That is, the patterns GP1 of the GFMM may be arranged at
substantially the same locations as the green sub-pixel areas
G.

Successively, in fourth operation S14, a blue fine metal
mask BFMM for forming blue light-emitting layers (233 of
FIG. 6) is aligned on the substrate 110, and a host and dopant
for forming the blue light-emitting layers 233 are deposited to
thereby form the blue light-emitting layers 233.

Patterns BP1 of the BFMM may be aligned in correspon-
denceto the blue sub-pixel areas B, and also extend to the first
widths w1 of the red sub-pixel areas R. The reason is to form
the blue light-emitting layers 233 in areas corresponding to
the first widths w1 of the red sub-pixel areas R, as well as in
the blue sub-pixel areas B. That is, patterns BP1 of the BFMM
may be larger than the blue sub-pixel areas B.

The embodiment described above corresponds to sequen-
tially forming the red, green, and blue light-emitting layers
231, 232, and 233. However, this is only exemplary, and the
red, green, and blue light-emitting layers 231, 232, and 233
may be formed in a different order.

Also, forming the red, green, and blue light-emitting layers
231, 232, and 233 using the FMMs is only exemplary, and the
red, green, and blue light-emitting layers 231, 232, and 233
may be formed using other methods, such as laser induced
thermal imaging (LITI), laser induced plasma spectroscopy
(LIPS), etc.

Hereinafter, a color reproduction range of the OLED dis-
play device shown in FIG. 6 will be described with reference
to FIG. 8.
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FIG. 8 shows a luminescence spectrum of a red sub-pixel
area of the OLED display device shown in FIG. 6.

As shown in FIG. 8, the luminescence spectrum of the red
sub-pixel area shows a luminescence peak at a wavelength
corresponding to red light, and also shows low intensity of
light at a wavelength corresponding to blue light. In other
words, the red sub-pixel area emits blue light together with
red light.

A color reproduction range of the red sub-pixel area (R of
FIG. 6) will be described with reference to Table 3.

Table 3 shows ITU-R BT.709 color coordinate values that
represent light transmission of the red sub-pixel area R, based
on coordinator values designated by the International Com-
mission on Hllumination (CIE) in 1931.

TABLE 3
X Y
Red Sub-pixel Area 0.64 0.33
Green Sub-pixel Area 0.19 0.75
Blue Sub-pixel Area 0.14 0.06

First, in regard to the red sub-pixel area R, an x-axis value
is 0.064, and a y-axis value is 0.33, and the results are the
same as color coordinate values of a red sub-pixel area of the
ITU-R BT.709.

By further forming a blue light-emitting layer (233 of FIG.
6) in each red sub-pixel area R, the same red color the ITU-R
BT.709 represents can be reproduced. Accordingly, it is pos-
sible to provide an OLED display device with excellent color

quality.

Second Embodiment

An OLED display device according to a second embodi-
ment will be described in detail with reference to FIGS. 9 and
10.

FIG. 9 is an example schematically showing the OLED
display device according to the second embodiment of the
present invention when it is seen from the front, and shows
sub-pixel areas, and red, green, and blue light-emitting layers
formed on the sub-pixel areas, and FIG. 10 is an example
schematically showing processes of manufacturing the
OLED display device shown in FIG. 9, and shows red, green,
and blue sub-pixel areas, and fine metal masks used in the red,
green, and blue sub-pixel areas, respectively.

First, as shown in FI1G. 9, the red, green, and blue sub-pixel
areas R, G, and B are sequentially arranged on a substrate
(110 of FIG. 10) in an x-axis direction, and red, green, and
blue light-emitting layers 231, 232, and 233 are sequentially
arranged in the red, green, blue sub-pixel areas R, G, and B,
respectively, in the x-axis direction.

The blue light-emitting layer 233 formed in the blue sub-
pixel area B extends to its neighboring red sub-pixel area R.

A second occupied area SA2 of the red sub-pixel area R by
the blue light-emitting layer 233 may be 3-8% of the red
sub-pixel area R, and preferably, about ¥/is (about 6-7%) of
the red sub-pixel area R.

Also, the red light-emitting layer 231 formed in the red
sub-pixel area R extends to its neighboring green sub-pixel
area G.

A third occupied area SA3 of the green sub-pixel area G by
the red light-emitting layer 231 may be about 15-20% of the
green sub-pixel area G, and preferably, about Y% (about
16-17%) of the green sub-pixel area G.
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The second and third occupied areas SA2 and SA3 may be
set to arbitrary areas capable of representing color coordi-
nates of the ITU-R BT.709.

Now, a method of manufacturing the OLED display device
shown in FIG. 9 will be described with reference to FIG. 10.

As shown in FIG. 10, in first operation S21, a substrate 110
on which red, green, and blue sub-pixel areas R, G, and B are
sequentially defined, is prepared.

Successively, in second operation S22, a red fine metal
mask RFMM for forming red light-emitting layers (231 of
FIG. 9) is aligned on the substrate 110, and a host and dopant
for forming the red light-emitting layers 231 are deposited to
thereby form the red light-emitting layers 231.

Patterns RP2 of the RFMM may be aligned in correspon-
denceto locations spaced by second widths w2 from one sides
of the red sub-pixel areas R, and also extend to third widths
w3 of green sub-pixel areas G.

The reason is to form blue light-emitting layers (233 of
FIG. 9) in areas corresponding to the second widths w2 of the
red sub-pixel areas R, and to form red light-emitting layers
231 in areas corresponding to the third widths w3 of the green
sub-pixel areas G.

Successively, in third operation S23, a green fine metal
mask (GFMM) for forming green light-emitting layers (232
of FIG. 9) is aligned on the substrate 110, and a host and
dopant for forming the green light-emitting layers 232 are
deposited to thereby form the green light-emitting layers 232.

Patterns GP2 of the GFMM may be aligned in correspon-
dence to locations spaced by third widths w3 from one sides
of the green sub-pixel areas G. The reason is, as described
above, to form red light-emitting layers 231 in areas corre-
sponding to the third widths w3 of the green sub-pixel areas
G.

Successively, in fourth operation S24, a blue fine metal
mask (BFMM) for forming blue light-emitting layers 233 is
aligned on the substrate 110, and a host and dopant for form-
ing the blue light-emitting layers 233 are deposited to thereby
form the blue light-emitting layers 233.

Patterns BP2 of the BFMM may be aligned in correspon-
dence to the blue sub-pixel areas B, and also extend to the
second widths w2 of the red sub-pixel areas R. The reason is
to form the blue light-emitting layers 233 in areas corre-
sponding to the second widths w2 of the red sub-pixel areas R,
as well as in the blue sub-pixel areas B.

The embodiment described above corresponds to the case
of sequentially forming the red, green, and blue light-emitting
layers 231, 232, and 233. However, this is only exemplary,
and the red, green, and blue light-emitting layers 231, 232,
and 233 are formed in a different order.

Also, forming the red, green, and blue light-emitting layers
231, 232, and 233 using the FMMs is only exemplary, and the
red, green, and blue light-emitting layers 231, 232, and 233
may be formed using other methods, such as LITI, LIPS, etc.

Hereinafter, a color reproduction range of the OLED dis-
play device shown in FIG. 9 will be described with reference
to FIG. 11.

FIG. 11 shows a luminescence spectrum of a green sub-
pixel area of the OLED display device shown in FIG. 9.

As shown in FIG. 11, the luminescence spectrum of the
green sub-pixel area G shows a luminescence peak at a wave-
length corresponding to green light, and also shows low inten-
sity of light at a wavelength corresponding to red light. In
other words, the green sub-pixel area G emits red light
together with green light.

A color reproduction range of the green sub-pixel area G
will be described with reference to Table 4.
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Table 4 shows ITU-R BT.709 color coordinate values that
represent light transmission of the green sub-pixel area G
according to the second embodiment, based on coordinator
values designated by the CIE in 1931.

TABLE 4
X Y
Red Sub-pixel Area 0.64 0.33
Green Sub-pixel Area 0.30 0.65
Blue Sub-pixel Area 0.14 0.06

First, in regard to the green sub-pixel area G, an x-axis
value is 0.30, and a y-axis value is 0.65, and the results are the
same as color coordinate values of a green sub-pixel area of
the ITU-R BT.709.

By further forming a red light-emitting layer (231 of FIG.
9) in each green sub-pixel area G, the same green color the
ITU-R BT.709 represents can be reproduced. Accordingly, it
is possible to provide an OLED display device with excellent
color quality.

As described above, in the OLED display device, by
extending light-emitting layers to neighboring sub-pixel
areas, it 1s possible to ensure excellent color quality and
provide improved image quality.

Also, since neither a complicated algorithm for represent-
ing the color reproduction range of the ITU-R BT.709 nor an
additional driving circuit for executing the algorithm are
needed, it is possible to reduce manufacturing cost and
increase productivity.

Third Embodiment

An OLED display device according to a third embodiment
will be described with reference to FI1G. 12, below.

The same or similar components as those described in the
first and second embodiments will not be described for sim-
plicity of illustration, and will be designated by like numerals
throughout.

Each first electrode 147 which is a reflection electrode
includes a reflective metal layer and a transparent, conductive
material layer. The reflective metal layer is formed of silver
(Ag), aluminum (Al), arum (Au), platinum (Pt), chrome (Cr),
or their alloys, and the transparent, conductive material layer
is formed of a material having a high work function, such as
indium tin oxide (ITO), indium zinc oxide (IZO), indium tin
zine oxide (ITZ0), or AZO (Al,O, doped with ZnO).

The second electrode 158 which is a semi-transparent elec-
trode, may be formed of an alloy (Mg: Ag) of magnesium and
silver. Or, the second electrode 158 may be formed of a metal,
such as silver (Ag), aluminum (Ag), aurum (Au), platinum
(Pt), or chrome (Cr), or an alloy containing such a metal.

The second electrode 158 may be formed with a thickness
capable of achieving a reflectance of 5% or more, and a
transmittance of 50%.

The first electrode 147 acts as a reflection electrode of
reflecting light, and the second electrode 158 acts as a semi-
transparent electrode of transmitting a part of light and
reflecting the remaining part of the light.

Accordingly, a part of light emitted from the emission
material layer 155 1s emitted to the outside through the second
electrode 158, and the remaining part of the light returns to the
first electrode 147 since it cannot be transmitted through the
second electrode 158.

In other words, light is repeatedly reflected between the
first electrode 147 acting as a reflection layer and the second
electrode 158, which is called a microcavity phenomenon.

10

20

25

30

35

40

45

55

60

65

12

That is, in the third embodiment, an optical resonance
phenomenon of light is used to increase luminous efficiency
and adjust luminescence purity of a light-emitting diode E.

Since different wavelengths of light are emitted from the
respective emission material layers 155 of the red, green, and
blue sub-pixel areas, the thickness of microcavity that is
defined as the distance between the first electrode 147 and the
second electrode 158 differs in the respective red, green, and
blue sub-pixel areas.

In detail, if it is assumed that the distance between the first
and second electrodes 147 and 158 in a red sub-pixel area R
is a first distance d1, the distance between the first and second
electrodes 147 and 158 in a green sub-pixel area G is a second
distance d2, and the distance between the first and second
electrodes 147 and 158 in a blue sub-pixel area B is a third
distance d3, the first distance d1 of the red sub-pixel area R of
emitting red light having a longest wavelength has the great-
est value, and the third distance d3 of the blue sub-pixel area
B of emitting blue light having a shortest wavelength has the
smallest value and so on. That is, the first distance d1>the
second distance d2>the third distance d3. As such, in order to
adjust the first distance d1, the second distance d2, and the
third distance d3, a red supplementary hole transport layer
(R'HTL) 221 is formed in the red sub-pixel area R, and a green
supplementary hole transport layer (G'HTL) 222 is formed in
the green sub-pixel area G.

Although not shown in FIG. 12, a capping layer may be
further formed on the second electrode 158 in order to
increase a light extraction effect.

Like the first and second embodiments, at least one of the
red, green, and blue light-emitting layers 231, 232, and 233
may extend to a neighboring sub-pixel area R, G, or B, and a
description thereof will be omitted.

The embodiments as described above relate to the color
reproduction range of the ITU-R BT.709, however, the
embodiments can be applied to various color coordinates that
represent color reproduction ranges. For example, the
embodiments as described above can be applied to ITU-R
BT.706 of s-RGB, PAL, etc.

As described above, in the OLED display device, by
extending a light-emitting layer formed in each sub-pixel area
to its neighboring sub-pixel area, it is possible to natively
represent the color coordinate values of the ITU-R BT.709
and provide improved image quality.

Also, since neither a complicated algorithm for satisfying
the color reproduction range of the ITU-R BT.709 nor an
additional driving circuit for executing the algorithm are
needed, it is possible to reduce manufacturing cost.

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. Anorganic light-emitting diode (OLED) display device,
comprising:

a first substrate on which a plurality of sub-pixel areas are
defined, the plurality of sub-pixel areas including a first
sub-pixel area and a second sub-pixel area that is adja-
cent to the first sub-pixel area;

a plurality of first electrodes in the plurality of sub-pixel
areas, respectively; and

aplurality of light-emitting layers formed over the plurality
of first electrodes and corresponding to the plurality of
sub-pixel areas, respectively, the plurality of light-emit-
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ting layers including a first light-emitting layer in the
first sub-pixel area and a second light-emitting layer in
the second sub-pixel area;
wherein the first light-emitting layer in the first sub-pixel
area extends into the second sub-pixel area among the
plurality of sub-pixel areas, and the first light-emitting
layer does not overlap with the second light emitting
layer in the second sub-pixel area, and the first sub-pixel
area emitting a color of light different from that of the
second sub-pixel area adjacent to the first sub-pixel area,

wherein the second light-emitting layer is formed only
within the second sub-pixel area.
2. The OLED display device according to claim 1, wherein
a distance the light-emitting layer extends to the neighboring
sub-pixel area is adjusted such that the neighboring sub-pixel
area has a color reproduction range of ITU-R BT.709.
3. The OLED display device according to claim 1, wherein
the plurality of sub-pixel areas comprise first, second, and
third sub-pixel areas that are sequentially arranged,
wherein the plurality of light-emitting layers further com-
prise a third light-emitting layer, wherein the first light
emitting layer, the second light emitting layer, and the
third light emitting layer are sequentially arranged,

wherein the second sub-pixel area comprises a first area
adjacent to the first sub-pixel area, and a second area
adjacent to the third sub-pixel area,
wherein the third sub-pixel area comprises a third area
adjacent to the second sub-pixel area, and a fourth area,

wherein the first light-emitting layer is formed in corre-
spondence to the first sub-pixel area and the first area,
and

wherein the second light-emitting layer is formed in cor-

respondence to the second area, or in correspondence to
the second area and the third area.
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4. The OLED display device according to claim 3, wherein
the first area is about 3% to about 8% of the second sub-pixel
area, and the third area is about 15% to about 20% of the third
sub-pixel area.

5. The OLED display device according to claim 3, wherein
the first, second, and third sub-pixel areas are blue, red, and
green sub-pixel areas, respectively.

6. A method of manufacturing an organic light-emitting
diode (OLED) display device including a first substrate in
which a plurality of sub-pixel areas are defined, a plurality of
first electrodes in the plurality of sub-pixel areas, and a plu-
rality of light-emitting layers over the plurality of first elec-
trodes and corresponding to the plurality of sub-pixel areas,
respectively, wherein at least one of the plurality of light-
emitting layers extends to a neighboring sub-pixel area
among the plurality of sub-pixel areas, the method compris-
ing:

aligning a fine metal mask that corresponds to a first light-

emitting layer and has a wider pattern than a first sub-
pixel area, on the substrate, and depositing a host and
dopant for forming the first light-emitting layer to
thereby form the first light-emitting layer;

aligning a fine metal mask that corresponds to a second

light-emitting layer and has a narrower pattern than a
second sub-pixel area, on the substrate, and depositing a
host and dopant for forming the second light-emitting
layer to thereby form the second light-emitting layer;
and

aligning a fine metal mask having a pattern that corre-

sponds to a third light-emitting layer, on the substrate,
and depositing a host and dopant for forming the third
light-emitting layer to thereby form the third light-emit-
ting layer.
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