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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0082789, filed on
Jul. 27, 2012, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] The present invention relates to an organic light-
emitting display device having a color filter.

[0004] 2. Description of the Related Art

[0005] Recently, display devices have been implemented as
portable thin flat panel display devices. Among the flat panel
display devices, organic or inorganic light-emitting display
devices, which are self-emissive display devices having wide
viewing angles, an excellent contrast ratio, and high response
speeds, are regarded as next-generation display devices. The
organic light-emitting display device, including an emission
layer formed of an organic material, has excellent luminosity,
driving voltage, and response speed characteristics compared
to the inorganic light-emitting display devices, and may real-
ize a color image.

[0006] In order to realize a color image, the organic light-
emitting display device may emit a white color and then may
separate the white color into three colors (e.g., primary col-
ors) by passing the white color through a color filter. How-
ever, the traditional organic light-emitting display device may
not convert the emitted light into a dominant wavelength of a
particular color.

SUMMARY

[0007] Embodiments of the present invention provide an
organic light-emitting display device that converts a wave-
length of red light into a user-desired wavelength.

[0008] According to an aspect of the present invention,
there is provided an organic light-emitting display device
including: a substrate; a plurality of pixels on the substrate,
each of the pixels including a first sub-pixel, a second sub-
pixel, and a third sub-pixel for emitting different colors of
light, respectively; an insulating layer on the substrate; a first
organic light-emitting device on the insulating layer at the
first sub-pixel, and sequentially including a first pixel elec-
trode, a first organic emission layer (EML) for emitting white
light, and an opposite electrode; a first color filter between the
insulating layer and the first pixel electrode, and configured to
transmit blue light; a second organic light-emitting device on
the insulating layer at the second sub-pixel, and sequentially
including a second pixel electrode, the first organic EML for
emitting white light, and the opposite electrode; a second
color filter between the insulating layer and the second pixel
electrode, and configured to transmit green light; a third
organic light-emitting device on the insulating layer at the
third sub-pixel, and sequentially including a third pixel elec-
trode, a second organic EML for emitting a mixture light
including a red color and a blue color, and the opposite elec-
trode; and a third color filter between the insulating layer and
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the third pixel electrode, which includes a first region for
transmitting red light and a second region for transmitting the
mixture light.

[0009] The second region may include a colorless color
filter or a portion without a color filter.

[0010] The second region may be at a portion correspond-
ing to a side of the third pixel electrode.

[0011] The second region may be at a portion correspond-
ing to a center region of the third pixel electrode.

[0012] The first pixel electrode, the second pixel electrode,
and the third pixel electrode may be transmissive electrodes.

[0013] The opposite electrode may be a reflective elec-
trode.
[0014] According to an embodiment of the present inven-

tion, one or more thin film transistors (TFTs) are on the
substrate, the insulating layer covers the one or more TFTs,
and the one or more TFTs are in the first sub-pixel, the second
sub-pixel, and the third sub-pixel, respectively, and are elec-
trically connected to the first pixel electrode, the second pixel
electrode, and the third pixel electrode, respectively.

[0015] According to another aspect of an embodiment
according to the present invention, an organic light-emitting
display device includes: a substrate; a plurality of pixels on
the substrate, each of the pixels including a first sub-pixel, a
second sub-pixel, and a third sub-pixel for emitting different
colors of light; an insulating layer on the substrate; a first
organic light-emitting device on the insulating layer at the
first sub-pixel, and sequentially including a first pixel elec-
trode, a first organic emission layer (EML) for emitting white
light, and an opposite electrode; a first color filter configured
to transmit blue light on the opposite electrode that corre-
sponds to the first organic light-emitting device; a second
organic light-emitting device on the insulating layer at the
second sub-pixel, and sequentially including a second pixel
electrode, the first organic EML for emitting white light, and
the opposite electrode; a second color filter configured to
transmit green light on the opposite electrode that corre-
sponds to the second organic light-emitting device; a third
organic light-emitting device on the insulating layer at the
third sub-pixel, and sequentially including a third pixel elec-
trode, a second organic EML for emitting a mixture light
including a red color and a blue color, and the opposite elec-
trode; and a third color filter on the opposite electrode that
corresponds to the third organic light-emitting device, which
includes a first region for transmitting red light and a second
region for transmitting the mixture light.

[0016] The second region may include a colorless color
filter or a portion without a color filter.

[0017] The second region may be at a portion correspond-
ing to a side of the third pixel electrode.

[0018] The second region may be a portion corresponding
to a center region of the third pixel electrode.

[0019] The first pixel electrode, the second pixel electrode,
and the third pixel electrode may be reflective electrodes.

[0020] The opposite electrode may be a transmissive elec-
trode.
[0021] The organic light-emitting display device may fur-

ther include an adhesive layer between the opposite electrode
and each of the first color filter, the second color filter, and the
third color filter.

[0022] One or more thin film transistors (TFTs) may be on
the substrate, the insulating layer may cover the one or more
TFTs, and the one or more TFTs may be at the first sub-pixel,
the second sub-pixel, and the third sub-pixel, respectively,
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and may be electrically connected to the first pixel electrode,
the second pixel electrode, and the third pixel electrode,
respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other features and aspects of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings in which:

[0024] FIG. 11is a cross-sectional view of an organic light-
emitting display device according to an embodiment of the
present invention;

[0025] FIG. 2 is a cross-sectional view of the organic light-
emitting display device according to another embodiment of
the present invention;

[0026] FIG. 3 is a plan view of a blue sub-pixel, a green
sub-pixel, and a red sub-pixel, which are adjacent to each
other and are included in a display unit of FIG. 1;

[0027] FIG. 4 is a cross-sectional view of the blue, green,
and red sub-pixels of FIG. 3;

[0028] FIGS. 5 and 6 illustrate other examples of the
embodiments shown in FIGS. 3 and 4; and

[0029] FIGS. 7 and 8 are cross-sectional views of an
organic light-emitting display device that is a top emission
type display device according to another embodiment of the
present invention.

DETAILED DESCRIPTION

[0030] Embodiments of the present invention are illus-
trated in the drawings and described in detail in the written
description. However, the described embodiments are not
intended to limit the present invention to particular modes of
practice, and it is to be appreciated that all changes, equiva-
lents, and substitutes that do not depart from the spirit and
technical scope of the present invention are encompassed by
the present invention. In the description of the present inven-
tion, certain detailed explanations of related art are omitted
when it is deemed that they may unnecessarily obscure
aspects of the invention. Additionally, when an element is
referred to as being “on” another element, that element may
be directly on the another element, or one or more intervening
elements may be interposed therebetween.

[0031] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
[0032] FIG. 11is a cross-sectional view of an organic light-
emitting display device 1 according to an embodiment of the
present invention. FIG. 2 is a cross-sectional view of the
organic light-emitting display device 1 according to another
embodiment of the present invention.

[0033] Referring to FIG. 1, the organic light-emitting dis-
play device 1 may include a first substrate 10, a display unit
DA formed on the first substrate 10, and an encapsulation
substrate 21 encapsulating the display unit DA.

[0034] The first substrate 10 may be a low-temperature
poly-crystalline silicon (LTPS) substrate, a glass substrate, a
plastic substrate, or the like. The display unit DA may be
arranged on the first substrate 10 and may include a plurality
of emission pixels.

[0035] The encapsulation substrate 21 may be disposed
abovethe first substrate 10 so as to block foreign moisture and
air from penetrating the display unit IDA, which is arranged
on the first substrate 10. The encapsulation substrate 21 may
be positioned to face the first substrate 10. The encapsulation
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substrate 21 may be, for example, a glass substrate, a plastic
substrate, or a Stainless Using Steel (SUS) substrate, and the
first substrate 10 and the encapsulation substrate 21 may be
bonded to each other by using a sealing member 23 that may
be disposed along their sides.

[0036] However, aspects of the present invention are not
limited thereto, and instead of the encapsulation substrate 21,
as illustrated in FIG. 2, the display unit DA may be protected
by forming a thin encapsulation film 22 on the first substrate
10. The thin encapsulation film 22 may have a structure in
which an inorganic layer formed of, for example, silicon
oxide or silicon nitride, and an organic layer formed of, for
example, epoxy or polyimide, may be alternately stacked, but
aspects of the present invention are not limited thereto. Also,
although not illustrated, in order to encapsulate the display
unit IDA, the encapsulation substrate 21 of FIG. 1 may be
further formed on the thin encapsulation film 22 of FIG. 2
formed on the first substrate 10.

[0037] FIG. 3isa plan view of a blue sub-pixel Pb, a green
sub-pixel Pg, and a red sub-pixel Pr, which are adjacent to
each other and are included in the display unit DA of FIG. 1.
FIG. 4 is a cross-sectional view illustrating cross-sections of
the blue, green, and red sub-pixels Pb, Pg, and Pr of FIG. 3.
[0038] In FIG. 3, one unit pixel P includes the blue sub-
pixel Pb, the green sub-pixel Pg, and the red sub-pixel Pr.
However, aspects of the present invention are not limited
thereto, for example, the unit pixel P may further include a
white sub-pixel (not shown). Also, an array, a structure, and
an area of each of the blue sub-pixel Pb, the green sub-pixel
Pg, and the red sub-pixel Pr are not limited to the example of
FIG. 3 and, thus, may vary.

[0039] Each of the blue sub-pixel Pb, the green sub-pixel
Pg, and the red sub-pixel Pr may include a circuit region 50
and an emission region.

[0040] Referring to FIG. 4, thin film transistors (TFTs)T1,
T2, and T3 are arranged in the circuit regions 50 of the blue
sub-pixel, Pb, the green sub-pixel Pg, and the red sub-pixel Pr,
respectively. However, structures of the blue, green, and red
sub-pixels Pb, Pg, and Pr are not limited to the arrangement of
the circuit regions 50 including the TFTs T1, T2, and T3,
respectively, as shown in FIG. 4; for example, each of the
circuit regions 50 may further include a plurality of TFTs and
storage capacitors.

[0041] Referringto FIG. 4, an organic light-emitting device
250 and a color filter 310 are arranged in each emission
region. In more detail, a first organic light-emitting device
251 emitting a white color, and a blue color filter 311 overlap
with each other in the emission region of the blue sub-pixel
Pb. Also, a second organic light-emitting device 252 emitting
a white color, and a green color filter 312 overlap with each
other in the emission region of the green sub-pixel Pg. In
addition, a third organic light-emitting device 253 emitting a
purple color, and a red color filter 313 including a transparent
portion 315 overlap with each other in the emission region of
the red sub-pixel Pr. However, arrays, structures, and areas of
the circuit regions 50 and the emission regions are not limited
to the example of FIG. 3 and, thus, may vary.

[0042] Referring to FIG. 4, the first substrate 10 may be
formed of a transparent glass material containing SiO, as a
main component. [f the organic light-emitting display device
1 is a bottom emission-type organic light-emitting display
device in which an image is realized toward the first substrate
10, the first substrate 10 may be formed of a transparent
material to transmit the emitted light.
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[0043] A buffer layer 11 may be formed on a top surface of
the first substrate 10 so as to planarize the first substrate 10
and to prevent penetration of foreign substances into the
organic light emitting display device 1. The buffer layer 11
may be formed of Si0, and/or SiNx by using various methods
including a plasma-enhanced chemical vapor deposition
(PECVD) method, an atmospheric pressure CVD (APCVD)
method, a low-pressure CVD (LPCVD) method, or the like.
[0044] The TFTs T1, T2, and T3 may be formed on the
buffer layer 11. The TFTs T1, T2, and T3 may be formed in
the blue sub-pixel Pb, the green sub-pixel Pg, and the red
sub-pixel Pr, respectively, and may be electrically connected
to the organic light-emitting devices 250, respectively, to
drive the organic light-emitting devices 250.

[0045] A semiconductor layer 12 having a pattern (e.g., a
suitable or predetermined pattern) may be formed on the
bufferlayer 11. The semiconductor layer 12 may be formed of
an inorganic semiconductor such as amorphous silicon or
polysilicon, or an organic semiconductor. However, aspects
of the present invention are not limited thereto, and, for
example, the semiconductor layer 12 may be formed of an
oxide semiconductor. For example, the semiconductor layer
12 may be a G-I-Z-O layer [(In,0;)a(Ga,O0;)b(ZnO)c layer]
(where, a, b, and ¢ are actual numbers that satisfy a=0, b=0,
c>0, respectively). Although not illustrated in detail, the
semiconductor layer 12 may include a source region, a drain
region, and a channel region.

[0046] A gate insulating layer 13, which may be formed of
Si0,, SiNx, and the like, may be formed on the semiconduc-
tor layer 12, and a gate electrode 14 may be formed on a
suitable (or predetermined) region of the gate insulating layer
13. The gate electrode 14 may be electrically connected to a
gate line (not shown) that applies on/off signals of a TFT.
[0047] An interlayer insulating layer 15 may be formed on
the gate electrode 14, and a source electrode 16, and a drain
electrode 18 may be formed to contact source and drain
regions of the semiconductor layer 12, respectively, via con-
tact holes. Such formed TFTs T1, T2, and T3 may be pro-
tected by being covered with a passivation layer 17.

[0048] Although the TFTs T1, T2, and T3 of the present
embodiment are described as top gate type TFTs, aspects of
the present invention are not limited to the aforementioned
forms orthe number of TFTs, and, thus, various types of TFTs
may also be used.

[0049] The passivation layer 17 may be formed as an inor-
ganic insulating layer and/or an organic insulating layer. The
inorganic insulating layer may include, for example, SiO,,
SiNj, SiON, AL, O;, TiO,, Ta,05, HfO,, ZrO,, barium stron-
tium titanate (BST), or lead zirconate titanate (PZT), and the
organic insulating layer may include polymer derivatives
having commercial polymers (Polymethylmethacrylate
(PMMA) and Polystylene(PS)) and a phenol group, an acryl-
based polymer, an imide-based polymer, an allyl ether-based
polymer, an amide-based polymer, a fluorine-based polymer,
a p-xylene-based polymer, a vinyl alcohol-based polymer, or
a combination thereof. The passivation layer 17 may be
formed as a multi-stack including the inorganic insulating
layer and the organic insulating layer.

[0050] The first, second, and third organic light-emitting
devices 251, 252, and 253 may be formed on the passivation
layer 17.

[0051] Referring to FIG. 4, because the first, second, and
third organic light-emitting devices 251, 252, and 253 emit
light toward the first substrate 10, the color filters 310 may be
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disposed between the passivation layer 17 and the first, sec-
ond, and third organic light-emitting devices 251, 252, and
253. The color filter 310 may be a member capable of realiz-
ing a suitable (or predetermined) color by transmitting light
having a specific wavelength (or specific wavelengths) and
absorbing light having the remaining wavelengths.

[0052] In more detail, the blue color filter 311 transmitting
awavelength ofablue region (i.e., of a blue light spectrum) is
disposed below the first organic light-emitting device 251.
Thus, the blue color filter 311 transmits only light having a
wavelength (or wavelengths) from the blue region of light
from among the white light emitted from the first organic
light-emitting device 251, and absorbs light having the
remaining wavelengths, so that the blue sub-pixel Pb emits
blue light. Also, the green color filter 312 transmitting a
wavelength (or wavelengths) from a green region (i.e., of a
green light spectrum) is disposed below the second organic
light-emitting device 252. Thus, the green color filter 312
transmits only light having a wavelength (or wavelengths)
from the green region of light from among the white light
emitted from the second organic light-emitting device 252,
and absorbs light having the remaining wavelengths, so that
the green sub-pixel Pg emits green light. The red color filter
313 transmitting a wavelength from a red region of light (i.e.,
of a red light spectrum) is disposed below the third organic
light-emitting device 253.

[0053] According to the present embodiment, the red color
filter 313 includes a transparent portion 315. The transparent
portion 315 may be a portion of a colorless color filter or a
portion without a color filter. In the claims, the transparent
portion 315 may also be referred to as a second region. Light
emitted from the third organic light-emitting device 253 may
pass through the transparent portion 315 without a change
(e.g., the light may not be filtered). As will be described
below, the third organic light-emitting device 253 may emit
purple light, which is combination of red light and blue light.
That is, a portion of the purple light from the third organic
light-emitting device 253 may be emitted via the transparent
portion 315 without a change, and the rest of the purple light
may be filtered by the red color filter 313 so that only light
having a red region wavelength is emitted. Thus, the red
sub-pixel Pr may emit red light mixed with blue light, which
means that red light of which a wavelength is converted may
be realized.

[0054] The transparent portion 315 may be formed by first
forming the red color filter 313 on the passivation layer 17 in
the emission region of the red sub-pixel Pr, and then removing
a portion of the red color filter 313 by, for example, perform-
ing a general photolithography process using a mask. Alter-
natively, the transparent portion 315 may be formed by addi-
tionally forming a colorless color filter on a removed portion
of the red color filter 313.

[0055] Referring to FIGS. 3 and 4, the transparent portion
315 may be formed at a side of the red color filter 313.
However, aspects of the present invention are not limited
thereto; for example, referring to FIGS. 5 and 6, the transpar-
ent portion 315 may be formed in a center region of the red
color filter 313. If the transparent portion 315 is formed at the
side, it may be easy to remove the portion for a mask design
to be used in the photolithography process to form the trans-
parent portion 315. However, when the transparent portion
315 is formed in the center region, mixed-color light through
the transparent portion 315, and red light through the red
color filter 313 may smoothly mix with each other, so that an
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image may be naturally realized. In this regard, a position, an
array, and the like of the transparent portion 315 are not
limited to the illustrated example and, thus, may vary.
[0056] According to an embodiment of the present inven-
tion, the transparent portion 315 may have an area that is from
about 2% to about 5% of an area of the red color filter 313. If
the area of the transparent portion 315 is less than about 2% of
the area of the red color filter 313, a variation of a dominant
wavelength of red light may be very small. If the area of the
transparent portion 315 is greater than about 5% of the area of
thered color filter 313, a color impression with respect to ared
color may be decreased, such that color realization deterio-
rates.

[0057] Aftera color filter layer is formed on the passivation
layer 17, the color filters 310 may be patterned to directly
correspond to the first, second, and third organic light-emit-
ting devices 251, 252, and 253, respectively, by performing a
general photolithography process. However, aspects of the
present invention are not limited thereto, and, for example,
the color filters 310 may be patterned to correspond to the
first, second, and third organic light-emitting devices 251,
252, and 253, respectively, by performing a laser-induced
thermal imaging (LITI) method.

[0058] Each of the first, second, and third organic light-
emitting devices 251, 252, and 253 includes a pixel electrode
210, an opposite electrode 220 facing the pixel electrode 210,
and an organic emission layer (EML) 230 formed therebe-
tween. The organic light-emitting display device 1 according
to the present embodiment is described as a bottom emission-
type organic light-emitting display device in which an image
is realized toward the first substrate 10. As such, the pixel
electrode 210 may be formed as a light-transmitting elec-
trode, and the opposite electrode 220 may be formed as a
reflective electrode. In addition, the first, second, and third
organic light-emitting devices 251, 252, and 253 may include
different types of organic EMLs 230, but may include the
same type of pixel electrodes 210 and opposite electrodes
220. Thus, hereinafter, if required, first, second, and third
pixel electrodes 211, 212, and 213, which are included in the
first, second, and third organic light-emitting devices 251,
252, and 253, respectively, may be collectively referred to as
a “pixel electrode 210”.

[0059] The pixel electrode 210 may be formed as a trans-
parent layer formed of ITO, IZO, ZnO, or In,O; having a high
work function. As illustrated, the pixel electrode 210 may be
patterned to have an island form that corresponds to each
sub-pixel. Also, the pixel electrode 210 may be electrically
connected to an external terminal (not shown) and thus may
function as an anode electrode.

[0060] A pixel defining layer (PDL) 19 that is an insulating
layer may be formed on the pixel electrode 210 so as to cover
the pixel electrode 210. After a suitable (or predetermined)
opening is formed in the PDL 19, the organic EML 230 of the
organic light-emitting device 250 may be formed in a region
defined by the opening. Although not illustrated, as in the
present embodiment, when the first organic light-emitting
device 251 and the second organic light-emitting device 252
emit white light, a first organic EML 231 may not necessarily
be formed in the region defined by the opening, and, thus, the
first organic EML 231 may be formed (e.g., completely
formed) on openings of the first and second pixel electrodes
211 and 212 and a top surface of the PDL 19.

[0061] The opposite electrode 220 may be formed as the
reflective electrode by using Li, Ca, LiF/Ca, LiF/Al, Al, Mg,
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Ag, or the like having a low work function. The opposite
electrode 220 may be formed on an entire emission region in
which an image is realized. Also, the opposite electrode 220
may be electrically connected to an external terminal (not
shown) and thus may function as a cathode electrode.

[0062] Polarities of the pixel electrode 210 and the opposite
electrode 220 may be switched.

[0063] The organic EML 230 may be formed by using as a
small molecule organic material or a polymer organic mate-
rial. When the organic EML 230 is a small molecule organic
layer formed of a small molecule organic material, a hole
transport layer (HTL) and a hole injection layer (HIL) may be
stacked below the organic EML 230 toward the pixel elec-
trode 210, and an electron transport layer (ETL) and an elec-
tron injection layer (EIL) may be stacked on the organic EML
230 toward the opposite electrode 220. In addition to these
layers, various layers including an HIL, an HTL, an ETL, an
EIL or the like may be stacked on or below the organic EML
230 according to design considerations.

[0064] When the organic EML 230 is a polymer organic
layer formed of a polymer organic material, a polymer HTL
may be stacked on the organic EML 230 toward the pixel
electrode 210. The polymer HTL may be formed of poly(3,
4-ethylenedioxythiophene) (PEDOT) or polyaniline (PANI)
and may be formed on the pixel electrode 210 by using an
inkjet printing method or a spin coating method.

[0065] As described above, the first organic EML 231
included in each of the first and second organic light-emitting
devices 251 and 252 may emit white light by electrically
driving each of the first and second pixel electrodes 211 and
212 and the opposite electrode 220. Here, white light emitted
from the first organic EML 231 may have an excellent Color
Rendering Index (CRI) (e.g., >75) and may be close to coor-
dinates of 0.33 and 0.33 in the International Commission on
[llumination (CIE) diagram but is not limited thereto.

[0066] In order to emit white light from the first organic
EML 231, various methods may be used. For example, a wave
conversion method, which is a down conversion method in
which phosphors are excited to emit a blue color or a purple
color and then various colors emitted therefrom are mixed to
form a wavelength spectrum having a large and colorful
region, may be used. As another example, a color mixing
method in which two basic colors (i.e., a blue color and an
orange color) or three basic colors (i.e., a red color, a green
color, and a blue color) are mixed to form white light may be
used. However, aspects of the present invention are not lim-
ited to the above, and thus, various materials and methods
capable of forming white light may also be used.

[0067] A second organic EML 232 included in the third
organic light-emitting device 253 emits purple light.

[0068] Inorder to emitpurple light from the second organic
EML 232, a color mixing method may be used, and according
to the color mixing method, two basic colors (i.e., a red color
and a blue color) are mixed to form purple light. Here, when
an amount of red light is greater than an amount of blue light,
red-based purple light is formed, and when the amount of blue
light is greater than the amount of red light, blue-based purple
light is formed. Various materials and methods capable of
forming purple light may be used according to embodiments
of the present invention.

[0069] In order to prevent penetration of external moisture
or oxygen, the encapsulation substrate 21 that encapsulates
the organic light-emitting device 250 on the first substrate 10
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may be arranged on the first, second, and third organic light-
emitting devices 251, 252, and 253.

[0070] According to the present embodiment, the first and
second organic light-emitting devices 251 and 252 that are
included in the blue and green sub-pixels Pb and Pg, respec-
tively, include the first organic EML 231 that emits white
light. The blue color filter 311 is disposed to overlap with the
first organic light-emitting device 251, so that blue light is
externally emitted. Also, the green color filter 312 is disposed
to overlap with the second organic light-emitting device 252,
so that green light is externally emitted. The third organic
light-emitting device 253 included in the red sub-pixel Pr
includes the second organic EML 232 that emits a mixture
light of a red color and a blue color. The red color filter 313,
of which a portion may be transparent or may be removed, is
disposed to overlap with the third organic light-emitting
device 253. By doing so, mixture light in which red light is
mixed with a portion of blue light is emitted from the red
sub-pixel Pr.

[0071] According to aspects of the present invention, if a
red color filter without a transparent portion were used, a
dominant wavelength of light emitted from the red sub-pixel
Pr may be from about 608 nm to about 612 nm. However, as
in the present embodiment, if the red color filter 313 having
the transparent portion 315 is used, a dominant wavelength of
light emitted from the red sub-pixel Pr may extend to about
623 nm. That is, the light emitted from the red sub-pixel Pr is
mixed with blue light to convert the dominant wavelength. In
Europe, a dominant wavelength of a red color warning light
used in dashboards of vehicles is recommended to be about
623 nm. Thus, a dominant wavelength of a red sub-pixel
according to the related art may not satisfy the recommended
standard. However, the organic light-emitting display device
1 that includes the third organic light-emitting device 253
emitting purple light, and the red color filter 313 including the
transparent portion 315 may extend a dominant wavelength
emitted from a red sub-pixel, as compared to the related art,
and thus, may realize a red color having a dominant wave-
length that satisfies the recommended standard.

[0072] FIGS. 7 and 8 are cross-sectional views of an
organic light-emitting display device 1 that is a top emission
type display device according to another embodiment of the
present invention. FIG. 7 corresponds to another example
related to the embodiment shown in FIG. 4, and FIG. 8 cor-
responds to another example related to the embodiment
shown in FIG. 6.

[0073] In the organic light-emitting display device 1 of
FIGS. 7 and 8, an image is realized toward an encapsulation
substrate 21. Accordingly, a color filter 310 may be formed
above an opposite electrode 220, which is different from the
embodiment of FIGS. 4 and 6. Here, like reference numerals
of FIGS. 7 and 8 denote like elements of FIGS. 4 and 6.
Because the like elements have the same (or similar) func-
tions or the same (or similar) performances, descriptions of
some aspects may be given by way of reference to the pre-
ceding embodiments.

[0074] Referring to FIG.7, each of the TFTs T1, T2, and T3
is disposed in a circuit region 50, but while one TFT is shown
in the circuit region 50 of FIG. 7, the circuit region 50 may
further include a plurality of TFTs and storage capacitors.
[0075] Referring to FIG. 7, an organic light-emitting device
250 and the color filter 310 are disposed in an emission
region. Here, because first, second, and third organic light-
emitting devices 251, 252, and 253 emit light toward the
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encapsulation substrate 21, the color filter 310 is disposed
above the opposite electrode 220 so as to correspond to the
organic light-emitting device 250. In more detail, a blue color
filter 311 may be disposed above a portion of the opposite
electrode 220 of the first organic light-emitting device 251,
and a green color filter 312 may be disposed above a portion
of the opposite electrode 220 of the second organic light-
emitting device 252. A red color filter 313, including a trans-
parent portion 315, may be disposed above a portion of the
opposite electrode 220 of the third organic light-emitting
device 253. In FIG. 7, the transparent portion 315 is shown at
a side of the red color filter 313; however, aspects of the
present invention are not limited thereto, and for example, as
illustrated in FIG. 8, the transparent portion 315 may be
formed in a center region of the red color filter 313.

[0076] Ifthe transparent portion 315 is formed at the side of
the red color filter 313, it may be easy to remove the portion
for a mask design to be used in a photolithography process to
form the transparent portion 315. If the transparent portion
315 is formed in the center region of the red color filter 313,
mixed-color light through the transparent portion 315, and
red light through the red color filter 313 may smoothly mix
with each other, so that an image may be naturally realized. In
this regard, a position, an array, and the like of the transparent
portion 315 are not limited to the illustrated example and,
thus, may vary.

[0077] The color filter 310 may be adhered to the opposite
electrode 220 via an adhesive layer 400. The adhesive layer
400 may be arranged on the opposite electrode 220, thereby
planarizing a surface of the opposite electrode 220 and adher-
ing the color filter 310 to the opposite electrode 220. The
adhesive layer 400 may be formed of an adhesive material
including an organic material or an inorganic material.

[0078] Asillustrated in FIGS. 7 and 8, a pixel electrode 210
of the organic light-emitting display device 1 may include a
reflective layer formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr or compound of any of these, and a transparent layer
formed of ITO, I1ZO, ZnO or In,0, which has a high work
function.

[0079] The opposite electrode 220 may be formed as a
transmissive electrode and may be a transflective layer
formed of a thin metal material including Li, Ca, LiF/Ca,
LiF/Al, Al, Mg, or Ag which has a low work function. A high
resistance due to a thickness of the transflective layer formed
of the thin metal material may be complemented by forming
a transparent conductive layer including ITO, IZ0, ZnO or
In, O, on the transflective layer.

[0080] Similar to the previous embodiments, according to
the present embodiment of FIGS. 7 and 8, the first and second
organic light-emitting devices 251 and 252 that are included
in blue and green sub-pixels Pb and Pg, respectively, include
a first organic EML 231 that emits white light. The blue color
filter 311 may be disposed to overlap with the first organic
light-emitting device 251, so that blue light is externally
emitted. Also, the green color filter 312 may be disposed to
overlap with the second organic light-emitting device 252, so
that green light is externally emitted. The third organic light-
emitting device 253 included in a red sub-pixel Pr includes a
second organic EML 232 that emits mixture light of a red
color and a blue color. Then, the red color filter 313, of which
a portion may be transparent or may be removed, may be
disposed to overlap with the third organic light-emitting
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device 253. By doing so, a mixture light, in which red light is
mixed with a portion of blue light, is emitted from the red
sub-pixel Pr.

[0081] As described above, an area of the transparent por-
tion 315 may be from about 2% to about 5% of an area of the
red color filter 313. According an aspect of an embodiment of
the presentinvention, when the area of the transparent portion
315is less than about 2% of the area of the red color filter 313,
avariation of a dominant wavelength of red light may be very
small. However, when the area of the transparent portion 315
is greater than about 5% of the area of the red color filter 313,
a color impression with respect to a red color may be
decreased, such that color realization deteriorates.

[0082] Thus, according to one or more embodiments of the
present invention, an organic light-emitting display device
includes an organic EML emitting purple light, and a red
color filter including a transparent portion, so that the organic
light-emitting display device may extend a dominant wave-
length emitted from a red sub-pixel, compared to the related
art.

[0083] Also, according to one or more embodiments of the
present invention, a color filter may be formed above a pixel
electrode oran opposite electrode of an organic light-emitting
device, so that light with a brighter color may be emitted,
compared to a case in which a color filter is formed on a first
substrate or an encapsulation substrate.

[0084] As yetanother embodiment according to the present
invention, a third organic light-emitting device may emit
white light, and a blue portion, instead of the transparent
portion, may be inserted into the red color filter. The blue
portion may be arranged by replacing a portion of the red
color filter with a blue color filter, and indicates a portion that
transmits only blue light and absorbs the rest of the colors of
light. In this case, white light emitted from the third organic
light-emitting device is emitted as red light via the red color
filter and is emitted as blue light via the blue portion, so that
mixture light, in which red light is mixed with a portion of
blue light, may be finally emitted. Accordingly, a dominant
wavelength of red light emitted from the red sub-pixel may be
adjusted by the blue portion.

[0085] In the embodiments of FIGS. 4,6,7, and 8, an
organic light-emitting device is formed on a passivation layer.
However, aspects of the present invention are not limited
thereto, and one or more embodiments of the present inven-
tion may also be applied to an example in which the organic
light-emitting device is formed on a gate insulating layer or an
interlayer insulating layer via reduction of a lithography pro-
cess.

[0086] Also, one or more embodiments of the present
invention may also be applied to a dual emission type organic
light-emitting display device in which both a pixel electrode
and an opposite electrode are formed as transmissive elec-
trodes. In this case, a color filter may be disposed below the
pixel electrode and on the opposite electrode.

[0087] According to one or more embodiments of the
present invention, a wavelength of red light may be converted
into a suitable (e.g., a user-desired) wavelength and then
output by using a red color filter including a transparent
portion and an organic EML that emits purple light. Thus, an
organic light-emitting display device may emit red light hav-
ing the user-desired wavelength.

[0088] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
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in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims and
their equivalents.

What is claimed is:

1. An organic light-emitting display device comprising:

a substrate;

a plurality of pixels on the substrate, each of the pixels
comprising a first sub-pixel, a second sub-pixel, and a
third sub-pixel for emitting different colors of light,
respectively;

an insulating layer on the substrate;

a first organic light-emitting device on the insulating layer
at the first sub-pixel, and sequentially comprising a first
pixel electrode, a first organic emission layer (EML) for
emitting white light, and an opposite electrode;

a first color filter between the insulating layer and the first
pixel electrode, and configured to transmit blue light;

a second organic light-emitting device on the insulating
layer at the second sub-pixel, and sequentially compris-
ing a second pixel electrode, the first organic EML for
emitting white light, and the opposite electrode;

a second color filter between the insulating layer and the
second pixel electrode, and configured to transmit green
light;

a third organic light-emitting device on the insulating layer
at the third sub-pixel, and sequentially comprising a
third pixel electrode, a second organic EML for emitting
a mixture light comprising a red color and a blue color,
and the opposite electrode; and

athird color filter between the insulating layer and the third
pixel electrode, and comprising a first region for trans-
mitting red light and a second region for transmitting the
mixture light.

2. The organic light-emitting display device of claim 1,
wherein the second region comprises a colorless color filter or
a portion without a color filter.

3. The organic light-emitting display device of claim 1,
wherein the second region is at a portion corresponding to a
side of the third pixel electrode.

4. The organic light-emitting display device of claim 1,
wherein the second region is at a portion corresponding to a
center region of the third pixel electrode.

5. The organic light-emitting display device of claim 1,
wherein the first pixel electrode, the second pixel electrode,
and the third pixel electrode comprise transmissive elec-
trodes.

6. The organic light-emitting display device of claim 1,
wherein the opposite electrode comprises a reflective elec-
trode.

7. The organic light-emitting display device of claim 1,

wherein one or more thin film transistors (TFTs) are on the
substrate,

wherein the insulating layer covers the one or more TFTs,
and

wherein the one or more TFTs are in the first sub-pixel, the
second sub-pixel, and the third sub-pixel, respectively,
and are electrically connected to the first pixel electrode,
the second pixel electrode, and the third pixel electrode,
respectively.

8. An organic light-emitting display device comprising:

a substrate;
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a plurality of pixels on the substrate, each of the pixels
comprising a first sub-pixel, a second sub-pixel, and a
third sub-pixel for emitting different colors of light;

an insulating layer on the substrate;

a first organic light-emitting device on the insulating layer
at the first sub-pixel, and sequentially comprising a first
pixel electrode, a first organic emission layer (EML) for
emitting white light, and an opposite electrode;

a first color filter configured to transmit blue light on the
opposite electrode that corresponds to the first organic
light-emitting device;

a second organic light-emitting device on the insulating
layer at the second sub-pixel, and sequentially compris-
ing a second pixel electrode, the first organic EML for
emitting white light, and the opposite electrode;

a second color filter configured to transmit green light on
the opposite electrode that corresponds to the second
organic light-emitting device;

athird organic light-emitting device on the insulating layer
at the third sub-pixel, and sequentially comprising a
third pixel electrode, a second organic EML for emitting
a mixture light comprising a red color and a blue color,
and the opposite electrode; and

a third color filter on the opposite electrode that corre-
sponds to the third organic light-emitting device, and
comprising a first region for transmitting red light and a
second region for transmitting the mixture light.
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9. The organic light-emitting display device of claim 8,
wherein the second region comprises a colorless color filter or
a portion without a color filter.

10. The organic light-emitting display device of claim 8,
wherein the second region is at a portion corresponding to a
side of the third pixel electrode.

11. The organic light-emitting display device of claim 8,
wherein the second region is at a portion corresponding to a
center region of the third pixel electrode.

12. The organic light-emitting display device of claim 8,
wherein the first pixel electrode, the second pixel electrode,
and the third pixel electrode comprise reflective electrodes.

13. The organic light-emitting display device of claim 8,
wherein the opposite electrode comprises a transmissive elec-
trode.

14. The organic light-emitting display device of claim 8,
further comprising an adhesive layer between the opposite
electrode and each of the first color filter, the second color
filter, and the third color filter.

15. The organic light-emitting display device of claim 8,

wherein one or more thin film transistors (TFTs) are on the

substrate,

wherein the insulating layer covers the one or more TFTs,

and

wherein the one or more TFTs are at the first sub-pixel, the

second sub-pixel, and the third sub-pixel, respectively,
and are electrically connected to the first pixel electrode,
the second pixel electrode, and the third pixel electrode,
respectively.
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