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Description
Technical Field
CROSS-REFERENCE TO RELATED APPLICATION

[0001] Thisapplication claims priority to and the benefit
of Korean Patent Application No. 2012-0155868, filed on
December 28, 2012.

BACKGROUND
1. Field of the Invention

[0002] The presentinvention relates to an organic light
emitting element (referred hereinafter as "OLED ele-
ment") with improved light output rate, power consump-
tion and lifespan and organic light emitting device em-
ploying the OLED element, as well as a method of man-
ufacturing such OLED element and device.

2. Discussion of Related Art

[0003] An organic light emitting diode device (some-
times referred to as OLED device) is a self-emitting dis-
play device. Unlike the liquid crystal display (LCD) display
device, it does not require an additional light source, and
thus the OLED device can have much thinner and lighter
profile than the LCD display device. Not only is the OLED
device consumes less power than the typical LCD based
display device, it provides better color accuracy, faster
response rate, greater viewing angle, and higher contrast
ratio (CR). Accordingly, a lot of research has been per-
formed into developing more efficient emissive materials
and OLED structures.

[0004] An OLED device commonly includes a sub-
strate, an anode, a hole-transporting layer made of an
organic compound, an organic luminescent layer with
suitable dopants, an organic electron-transporting layer,
and a cathode. When current is applied, electrons flow
from the cathode to the anode. That is, the cathode pro-
vides electrons into the electroluminescent layer (EL lay-
er), while the anode removes electrons from the EL layer,
leading to holes in the EL layer. The electrons provided
from the cathode combine with the holes in the EL layer
and create excitons. This process releases photons, and
thus light is generated. Different types of emissive ma-
terials can be used to change the color of the light. The
intensity of the lightis controlled by the amount of current
applied.

[0005] Some OLED device employs organic light emit-
ting elements configured with different luminescent lay-
er(s) to emit a designated color of light (e.g., red, green,
or blue) at a corresponding sub pixel region. In such
OLED device, each OLED element emits designated
color without using color filter elements, high luminance
can be obtained from the OLED element. However, this
type of OLED device (referred hereinafter as "RGB type")
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requires the OLED elements to be disposed according
to the sub pixel design of the display device, thereby se-
verely limiting its application.

[0006] Unlike the RGB type, some OLED device em-
ploys white light producing luminescent layer in conjunc-
tion with red, green and blue color filter elements at the
red, green and blue sub pixel regions (referred hereinaf-
ter as "RGBW type"). This configuration makes it easy
to fabricate the OLED device for a variety of applications.
[0007] Thereisatradeoff between the color saturation,
the driving current, the luminance and the lifetime of the
OLED device. In case of RGBW type OLED, the lumi-
nance of the OLED element is sacrificed as the white
light from the OLED element passes through the color
filter elements. In order to compensate the reduced lu-
minance, higher current density is provided. Such in-
crease in current density, however, leads to shortened
lifetime of OLED element and undesirable color shifts as
the display device ages.

[0008] Further, the color coordinates of the white light
emitted from the OLED element can be distorted if the
luminance of a certain emission layer becomes lower
than the luminance of the other emission layers or the
color coordinate of a certain emission layer deviates from
its initial preferred setting. For example, if the luminance
of an EL layer that emits blue light is lower than that of
the other EL layers thatemit other colored light, the OLED
element may not emit the white light with the ideal color
coordinate.

[0009] The driving voltage of the OLED element can
be adjusted to correct such color coordinate shift caused
by a certain emission layer. However, not only is the al-
gorithm for correcting color coordinates require very com-
plicated arithmetic operations, this method often involves
increasing the current level at the white sub pixel region
as well as some of the other pixel regions in order to
correct the overall color saturation. This results in in-
creased power consumption of the entire panel and re-
duced lifespan of the EL layer. Using a low-power driving
algorithm following the aforementioned calibration signif-
icantly complicates the overall operation. Even if such
algorithms can be performed, other side effects may oc-
cur.

[0010] Accordingly, there remains a need for white
OLEDs having excellent emission efficiency and long life-
spans.

[0011] US 2006/238118 A1 discloses that an OLED
display having at least first, second, and third differently
colored pixels includes afirstlight emitting layer provided
over a substrate for the first and second pixels and a
second light emitting layer provided over the substrate
for the first, second, and third pixels, wherein the firstand
second light emitting layers produce light having different
spectra, and wherein the light produced by overlapping
the first and second light emitting layers has substantial
spectral components corresponding to the light output
desired for the first and second pixels, and the light pro-
duced by the second light emitting layer has substantial



3 EP 2 939 284 B1 4

spectral components corresponding to the light output
desired for the third pixel; and first and second color filters
in operative relationship with the first and second pixels.
[0012] US 2009/091241 A1 discloses that a full-color
OLED display panel comprises a full-color organic light-
emitting device and a colored filter device stacked on the
light-exit surface of the full-color organic light-emitting
device. The full-color organic light-emitting device com-
prises a first electrode, a plurality of second electrodes,
a first light-emitting layer sandwiched between the first
electrode and a portion of the second electrodes, and a
second light-emitting layer sandwiched between the first
electrode and portions of the second electrodes and the
first light-emitting layer. The colored filter device com-
prises a substrate, and a plurality of first color filter por-
tions, a plurality of second color filter portions and a plu-
rality of third color filter portions disposed on the surface
of the substrate. The first color filter portions allow a first
colorlight emitted from the firstlight-emitting layer to pass
through, and the second color filter portions and the third
color filter portions each allow rays with different wave-
lengths in a second color light emitted from the second
light-emitting layer to pass through.

[0013] US 2007/046195 A1 discloses that an organic
light-emitting display (OLED) is provided. The OLED
comprises a plurality of pixels on a substrate. Each pixel
on the substrate comprises a first electrode, an organic
luminescent layer and a second electrode in sequence.
The first electrode comprises a first subpixel region, a
second subpixel region and a third subpixel region. The
organic luminescent layer comprises a first organic lumi-
nescent layer and a second organic luminescent layer.
The first organic luminescent layer is above the first sub-
pixel region and the second subpixel region. The second
organic luminescent layer is above the second subpixel
region and the third subpixel region.

[0014] US 2011/240965 A1 discloses an organic light-
emitting device including an emission layer including one
or more emission layer of a red emission layer patterned
in a red light-emitting region and a green emission layer
patterned in a green light-emitting region and a blue emis-
sion layer formed as a common layer, wherein a blue
emission is prevented in at least one region of the red
light-emitting region and the green light-emitting region
by adjusting the HOMO and LUMO levels of a host and
adopant of the green emission layer and/or the red emis-
sion layer.

[0015] BURROWS P E ET AL: "Achieving Full-Color
Organic Light-Emitting Devices for Lightweight, Flat-
Panel Displays", IEEE TRANSACTIONS ON ELEC-
TRON DEVICES, IEEE SERVICE CENTER, PISACAT-
AWAY, NJ, US vol. 44, no. 8, 1 August 1997
(1997-08-01), XP011016206, ISSN:0018-9383 disclos-
es an organic light-emitting devices (OLED’s), with par-
ticular attention to the application of organic light-emitting
devices to ultra-lightweight, full color, flat-panel display.
A tunable OLED consisting of vertically stacked, trans-
parent light-emitting devices is described which can
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serve as a color-tunable element in high-resolution full-
color displays.

SUMMARY OF THE INVENTION

[0016] A white OLED element can be designed with
two or more EL layers. Lights emitted from a plurality of
EL layers are combined to form white light. The inventors
of the present invention has recognized that when white
light passes through color filters, the white light is ab-
sorbed by the color filter elements, thereby lowering the
efficiency of an OLED element. In particular, in the case
of white light passing through a blue color filter element,
the inventor has recognized that efficiency of the blue
light is sharply decreased according to the transmittance
of the color filter element.

[0017] Accordingly, a display device with improved
emission efficiency and increased life-span is provided.
The display device is provided in accordance with claim
1. Further embodiments are described in the dependent
claims. A display device according to various embodi-
ments includes a multi-layered emission layer structure
having a blue electroluminescent (EL) layer and a com-
plementary EL layer. The blue EL layer is configured to
emit substantially blue light (e.g., light with a wavelength
between from about 380 nm to about 495 nm, more pref-
erably from about 450 nm to about 495 nm, referred here-
inafter as "blue light") at one part of the multi-layered
emission layer structure, and the complementary EL lay-
er is configured to emit light that complements the blue
light such that the blue light from the blue EL layer and
the light emitted from the complementary EL layer col-
lectively form substantially white light at another part of
the multi-layered emission layer structure. The comple-
mentary EL layer is not disposed in the part of the multi-
layered emission layer structure relative to the blue pixel
of the display device. The order in which the blue EL layer
and the complementary EL layer are disposed within the
multi-layered emission layer structure can vary depend-
ing on the emission type of the OLED element (e.g., top-
emission, bottom-emission) employed by the display de-
vice.

[0018] The display device further includes a red color
filter element and a green color filter element that are
positioned to filter the white light from multi-layered emis-
sion layer structure to generate red and green light, re-
spectively. The display device has a plurality of pixels
such as one or more of red pixels, one or more of green
pixels and one or more of blue pixels. The white light
emitted from the part of the multi-layered emission layer
structure is filtered through the red color filter element
and transmitted at the red pixel(s) of the display device.
Similarly, the white light emitted from the part of the multi-
layered emission layer structure is filtered through the
green color filter element and transmitted at the green
pixel(s) of the display device. At the blue pixel(s), how-
ever, the blue light emitted from the part of the multi-
layered emission layer structure is transmitted.
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[0019] Inthis setting, the blue pixel of the display device
does not transmit blue light generated by filtering the
white light from the multi-layered emission layer struc-
ture. Instead, the blue light from the blue EL layer of the
multi-layered emission layer structure can be transmitted
atthe blue pixel of the display device without being filtered
by a color filter element, and thereby increase the lumi-
nance of the blue light without increasing the driving volt-
age/current.

[0020] Further, some embodiments of the display de-
vice may include a blue color filter element that filters the
blue light emitted from the blue EL layer and transmit the
filtered light at the blue pixel(s) of the display device. By
using the blue color filter element, the saturation and/or
color coordinate of the blue light from the blue EL layer
can be adjusted more precisely. This also provides great-
er flexibility in pixel layout designs as well as improve-
ment in overall color accuracy of the white OLED ele-
ment. Unlike the situation where white light is filtered by
a blue color filter element to generate blue colored light,
the luminance of the blue light is substantially maintained
because the blue light from the blue EL layer is being
filtered by the blue color filter element.

[0021] In some embodiments, the complementary EL
layer is disposed in the part of the multi-layered emission
layer structure relative to the red and green pixels. The
blue EL layer is disposed on the complementary EL layer
to overlap with the complementary EL layer and extends
further into the other part of the multi-layered emission
layer structure. In other words, the part of the multi-lay-
ered emission layer structure that emits the white light
has the blue EL layer disposed on top of the complemen-
tary EL layer while the part that emits the blue light has
does not have complementary EL layer disposed therein.
[0022] Alternatively, in some other embodiments, the
blue EL layeris disposed in both parts of the multi-layered
emission layer structure, and the complementary EL lay-
er is disposed on a part of the blue EL layer. The over-
lapping part of the multi-layered emission layer structure
emits light from the blue and complementary EL layers
to collectively form the white light, whereas the non-over-
lapping part of the multi-layered emission layer structure
emit the blue light from the blue EL layer.

[0023] Theblue EL layer as well as the complementary
EL layer of the multi-layered emission layer structure may
be formed of one or more of EL layers with one or more
of organic materials. In some embodiments, the comple-
mentary EL layerincludes a host doped with ared dopant
and a green dopant. In some other embodiments, the
complementary EL layer is made of a stack of a red EL
layer and a green EL layer. Also, in some other embod-
iments, the complementary EL layer is made of a stack
of an EL layer doped with a red phosphor dopant and
another EL layer doped with a yellow phosphor dopant,
whereas the blue EL layer of the multi-layered emission
layer structure is doped with a blue fluorescent dopant.
[0024] In some embodiments, the multi-layered emis-
sion layer structure may include a charge generation lay-
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er (CGL) interposed between the blue EL layer and the
complementary EL layer. The CGL may be composed of
an n-doped layer and a p-doped layer for injection of elec-
trons and holes, respectively. When the OLED element
of the display device is turned on, electrons and holes
are supplied from the CGL to start the EL layers for elec-
troluminescence. At the subsequent stage, the con-
sumed electrons and holes in the CGL are refilled by the
electrons and holes injected from the cathode and anode,
respectively.

[0025] The plurality of pixels employed by some em-
bodiments of the display device may include one or more
of white pixels. In the white pixels, the white light emitted
from the part of the multi-layered emission layer structure
is transmitted without being filtered by color filter ele-
ments. In some embodiments, however, the white light
from the multi-layered emission layer structure may be
passed through a transparentresin layer, which may pro-
tect the EL layers and/or planarize the surface of the mul-
ti-layered emission layer structure. Similar to the unfil-
tered blue light transmitted at the blue pixel of the display
device, unfiltered white light transmitted at the white pixel
may be utilized in calibrating the overall luminance and
the color saturation of the display device.

[0026] Also, in some embodiments, the display device
may include individually addressable anode in each of
the plurality of pixels so that the part of the multi-layered
emission layer structure relative to a specific pixel of the
display device can be separately driven.

[0027] In another aspect, the present invention is di-
rected to a white OLED element with improved emission
efficiency and increased life-span. The white OLED ele-
ment includes at least two areas. In each of the areas,
at least one anode is disposed therein. The anodes in
the first and second areas are individually addressable
such that the part of the white OLED element at each of
the anodes can be separately controlled (e.g., EL layers
on the individual anode can be separately activated to
emit light). Further, a blue EL layer for emitting substan-
tially blue light is disposed on the first and second areas
of the white OLED element. Additionally, a complemen-
tary EL layer, which is configured to emit light comple-
mentary to the blue light, is disposed on the first area of
the white OLED element. Accordingly, in the first area,
the light from the blue EL layer and the light from the
complementary EL layer are combined to form white light.
The white OLED element further includes a cathode dis-
posed in both the first and second areas to provide elec-
trons to the EL layer(s) in the respective area of the white
OLED element. At least one color filter element is includ-
ed in the white OLED element to filter at least some of
the combination of light from the blue and complementary
EL layers (i.e., the white light), and transmit colored light
corresponding to the color filter element. In the second
area, the blue light emitted from the blue EL layer is sub-
stantially unaffected by the light emitted from the com-
plementary EL layer disposed in the first area of the white
OLED element. That is, the shift in the wavelength value
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of the blue light emitted at the second area is less than
100 nm, more preferably by less than 50 nm, more pref-
erably by less than 30 nm, and even more preferably by
less than 10 nm.

[0028] In some other embodiments, the complemen-
tary EL layer is made of multiple EL layers that include
ared EL layer that emits substantially red light (e.g., light
with a wavelength between from about 580 nm to about
750 nm, more preferably from about 590 nm to about 750
nm, and more preferably from about 620 nm to about 750
nm), and a green EL layer that emits substantially green
light (e.g., light with a wavelength between from about
496 nm to about 579 nm and more preferably from about
496 nm to 570 nm). In this setting, the combination of the
red light from the red EL layer, the green light from the
EL layer and the blue light from the blue EL layer, collec-
tively, forms the white light. This white light is utilized in
all pixels except the blue pixel of a display device where
the complementary EL layer is not disposed thereon.
[0029] Also, in some other embodiments, the comple-
mentary Ellayeris made of multiple EL layers thatinclude
an EL layer doped with a red phosphor dopant and an
EL layer doped with a yellow phosphor dopant. The blue
light EL layer is doped with a blue fluorescent dopant,
and the light emitted from these EL layers are combined
to form the white light at the pixels excluding the blue
pixel.

[0030] Someembodiments ofthe white OLED element
include a white pixel, which is configured to transmit the
white light from the multi-layered emission layer struc-
ture. As mentioned above, the white light at the white
pixel can be utilized in correcting various properties of
the white OLED element.

[0031] Further, some embodiments of the white OLED
element include a blue color filter element that filters the
blue light emitted from the blue EL layer. By using the
blue color filter element, the saturation and/or color co-
ordinate of the blue light from the blue EL layer can be
adjusted more precisely. This provides greater flexibility
in pixel layout designs as well as improvement in overall
color accuracy of the white OLED element. Unlike the
situation where white light is filtered by a blue color filter
element to generate blue colored light, the luminance of
the blue lightis substantially maintained because the blue
light from the blue EL layer is being filtered by the blue
color filter element.

[0032] The white OLED element may be configured as
a bottom emission type OLED element. In this setting,
the lights from the blue EL layer and the complementary
EL layer exit through the anodes disposed in the first and
the second areas of the white OLED element. Alterna-
tively, the white OLED element is configured as a top
emission type OLED element. In this setting, the light
from the blue EL layer and the complementary EL layer
exits from the white OLED element through the cathode
disposed in the first and the second areas of the white
OLED element. Further, in some embodiments, the white
OLED element may be configured to emit light in both
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top and bottom directions. The improved luminance and
color saturation achieved by the white OLED of the
present disclosure can be especially useful in a trans-
parentdisplay device, which may employ such dual emis-
sion type white OLED element.

[0033] The configuration of EL layers in the multi-lay-
ered emission layer structure is not limited to the specific
exemplary embodiments of the present disclosure, but
may vary by considering various properties of the EL lay-
ers that form the multi-layered emission layer structure
without departing from the scope of the presentinvention
defined in the appended claims. The properties of the EL
layers that can be considered in configuring the EL layers
within the multi-layered emission layer structure may in-
clude, but are not limited to, the luminance, the color ac-
curacy, the power consumption, the life span and various
other factors of the individual EL layers and/or the multi-
layered emission layer as a whole.

[0034] Accordingly, in one other aspect, the present
invention is directed to a display device having a multi-
layered emission layer structure including at least a part
being configured to emit a light from a principal EL layer
and at least at one other part configured to emit a com-
bination of light emitted from the principal EL layer and
the complementary EL layer. The light from the principal
EL layer has a wavelength value of a predetermined
range. The light from the complementary EL layeris com-
plementary relative to the light emitted from the principal
EL layer so that the combination of light from the principal
EL layer and the complementary EL layer is substantially
white light. One or more of color filter elements are used
to filter the white light emitted from the part of the multi-
layered emission layer structure. At least one of a red
pixel, a green pixel and a blue pixel is configured to trans-
mit the white light that is filtered through a corresponding
color filter element. For instance, the principal EL layer
may be configured to emit red colored light and transmit-
ted at the red pixel of the display device. In this setting,
the white light generated by combining the light emitted
from the principal EL layer and the light emitted from the
complementary EL layer is filtered through blue and
green color filter elements to generate blue and green
light to be transmitted at the blue and green pixels of the
display device, respectively.

[0035] As mentioned, the principal EL layer may emit
other colored light, such as green or blue colored light.
It is sufficient that the principal EL layer covers larger
area in the multi-layered emission layer than the com-
plementary EL layer such that the portion of the principal
EL layer being extended out from the area covered by
the complementary EL layer can emit the principal EL
layer’s constituent colored light without being substan-
tially affected by the light from the complementary EL
layer. Thatis, the shift in the wavelength value of the blue
light emitted at the second area is 100 nm, more prefer-
ably less than 50 nm, more preferably less than 30 nm,
and even more preferably by less than 10 nm.

[0036] In yet another aspect, the present invention is
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directed to a method of manufacturing a display device
with improved emission efficiency and increased life-
span. First, a plurality of anodes is formed on a substrate
so that each of the anodes is individually addressable.
Then, afirst electroluminescent (EL) layer and a second
electroluminescent (EL) layer are formed on the anodes
such thatatleasta part of the first EL layer and the second
EL layer are overlapped at the first area (e.g., an area
for emitting substantially white light) of the display device.
Here, at least one of the first EL layer or the second EL
layer should be formed such that it is extended out to a
second area (e.g., an area for emitting constituent color-
ed light of the EL layer) without being overlapped with
the other EL layer. A cathode is formed on both the first
area and the second area so that the first EL layer and
the second EL layer are interposed between the plurality
of anodes and the cathode. Then, one or more of color
filter elements are arranged to filter the light emitted from
the first area.

[0037] In this setting, the EL layer being extended out
to the second area may emit its own colored light without
being filtered by a color filter element while the stack of
the first and second EL layers in the first area emits sub-
stantially white light, which is to be filtered by one or more
of the color filter elements to generate colored light cor-
responding to the color filter element.

[0038] When forming the first and second EL layers,
one of the first and second EL layers, which is to be ex-
tended outinto the second area may be formed first. Then
aphotoresist may be formed on the EL layerin the second
area. The photoresist in the second area is then devel-
oped. Following the development of the photoresist, the
other EL layer that is to be left in the first area (i.e., com-
plementary EL layer) is formed in the first and second
areas. When the photoresist formed in the second area
is stripped, the complementary EL layer formed in the
second area is also stripped, thereby forming a multi-
layered emission layer structure having the first area for
emitting white light and the second area for emitting color-
ed light of the EL layer. In some embodiments of the
method, the photoresist developing solution and/or the
photoresist stripper used in the process of forming the
multi-layered emission layer structure contain fluorine,
which may reduce the damage to the EL layers during
the formation of the multi-layered emission layer struc-
ture.

[0039] As an alternative way of forming the multi-lay-
ered emission layer structure, one of the first and second
EL layers can be formed in the first area, and the other
EL layer can be formed on the EL layer in both the first
and second areas. This method also results in a multi-
layered emission layer structure with a stack of the first
and second EL layers disposed in the first area for emit-
ting the substantially white light and one of the first and
second EL layers being extended into the second area
for emitting colored light of the EL layer in the second
area.

[0040] In one embodiment, the EL layer being extend-
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ed out into the second area is an EL layer configured to
emit substantially blue light, and the other EL layer, which
is contained within the first area, is an EL layer configured
to emit light having a color complementary to the blue
light from the other EL layer. Accordingly, these two EL
layers overlap at the first area and collectively emit sub-
stantially white light. In this embodiment, the plurality of
color filter elements comprises a red color filter element
and a green color filter element that are configured to
filter the white light to generate red and green light, re-
spectively. In other embodiments, the EL layer being ex-
tended out into the second area may be configured to
emit substantially red or substantially green colored light,
and the other EL layer being contained within the first
area may be configured to emit light that is complemen-
tary to the red or green colored light. As such, the display
device having a multi-layered emission layer structure
with improved luminance, color accuracy, power con-
sumption as well as the longer life span can be provided.
[0041] Additional features 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 prac-
tice of the invention.

[0042] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.

Brief Description of Drawings

[0043] The accompanying drawings, which constitute
apartof this specification, illustrate various embodiments
of the present invention.

FIGS. 1a to 1c, each illustrates a cross-sectional
view of an exemplary white OLED elementaccording
to an embodiment of the present invention.

FIGS. 2a to 2e, each illustrates a cross-sectional
view of an exemplary white OLED elementaccording
to an embodiment of the present invention.

FIGS. 3ato 3f, eachillustrates a cross-sectional view
of an exemplary display device according to an em-
bodiment of the present invention.

FIGS. 4a to 4d, each illustrates a cross-sectional
view of an exemplary display device according to an
embodiment of the present invention.

FIG. 5 is a flowchart illustrating steps for manufac-
turing an organiclightemitting display device accord-
ing to an exemplary embodiment of the present in-
vention.

FIGS. 6a and 6b illustrate cross-sectional views of
the exemplary display device during the steps of
manufacturing such organic light emitting display de-
vice according to an exemplary embodiment of the
present invention.

FIGS. 7ato 7c illustrate cross-sectional views of the
exemplary display device during the steps of manu-
facturing such organic light emitting display device
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according to an exemplary embodiment of the
present invention.

FIGS. 8a to 8c illustrate cross-sectional views of the
exemplary organic light emitting display device dur-
ing the steps of manufacturing such organic light
emitting display device according to an exemplary
embodiment of the present invention.

[0044] It is noted that the drawings of the present ap-
plication are provided for illustrative purposes only and,
as such, the drawings are not drawn to scale. In the draw-
ings, the size and relative sizes of layers and regions
may be exaggerated for clarity. Like reference numerals
in the drawings denote like elements.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0045] The present invention, which provides an or-
ganic light emitting element with improved luminance ef-
ficiency and lifetime, and methods of fabricating such an
organic light emitting element, will now be described in
greater detail by referring to the following discussion and
drawings that accompany the present application.
[0046] In the following description, numerous specific
details are set forth, such as particular structures, com-
ponents, materials, dimensions, processing steps and
techniques, in order to provide an understanding of the
various embodiments of the present disclosure. In other
instances, well-known structures or processing steps
have not been described in detail in order to avoid ob-
scuring the present disclosure.

[0047] It will be understood that when an element as
a layer, region or substrate is referred to as being "on"
another element, it can be directly on the other element
orintervening elements may also be present. In contrast,
when an element is referred to as being "directly on" an-
other element, there are no intervening elements
present.

[0048] It will also be understood that when an element
is referred to as being "connected" or "coupled" to an-
other element, it can be directly connected or coupled to
the other element or intervening elements may be
present. In contrast, when an element is referred to as
being "directly connected" or "directly coupled" to another
element, there are no intervening elements present.
[0049] Further, it will be understood that when an ele-
ment is referred to as being "overlapped" with another
element, one element can be positioned above the other
element or below the other element. Moreover, although
some of the elements are designated with numerical
terms (e.g., first, second, third, etc.), it should be under-
stood that such designations are only used to specify one
element from a group of similar elements, but not to limit
the element in any specific order. As such, an element
designated as a first element could be termed as a sec-
ond element or as third element without departing from
the scope of exemplary embodiments.
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[0050] Inthe presentdisclosure, the organic light emit-
ting display device includes one or more OLED elements,
which can be configured to operate in one of a top, bottom
or dual emission mode, depending on the direction light
exits the OLED element. Accordingly, in the present dis-
closure, an OLED element is classified as bottom emis-
sion mode OLED element if the light emitted from the
OLED element passes through a transparent or a semi-
transparent bottom electrode and substrate on which the
panel was manufactured. Also, an OLED elementis clas-
sified as a top emission mode OLED element if the light
emitted from the OLED element exits through a trans-
parent or a semi-transparent top electrode. An OLED el-
ement can be classified as a dual emission mode OLED
element if the light emitted from the OLED element exits
through both the top and bottom electrodes to emit light
on both sides of the OLED element. The components of
the organic light emitting display device including, but not
limited to, a thin film transistor, an anode, and a cathode
as well as the structure of organic EL layer design, may
be configured differently based on the aforementioned
emission modes without departing from the spirit of the
present invention.

[0051] Exemplary embodiments of the present appli-
cation will now be described in greater detail by referring
to the following discussion and drawings thataccompany
the present application.

[0052] FIG. 1ais a pictorial representation (through a
cross sectional view) depicting a white OLED element
140A that can be employed in one embodiment of the
present application. FIG. 1a illustrates the white OLED
element 140A, which includes a plurality of anodes
141A1,141A2 and 141A3 (collectively denoted as 141A),
a multi-layered emission layer structure 144A having a
plurality of EL layers 144A1 and 144A2, and a cathode
145A.

[0053] The anode s an electrode configured to provide
holes in the EL layers, and may also be referred to as a
positive electrode, a pixel electrode or a first electrode.
The white OLED element 140A is configured to emit light
when holes supplied from the anode 141A and electrons
supplied from the cathode 145A are recombined in the
EL layer(s) (144A1, 144A2). As described above, the an-
ode 141A is configured to supply holes, and is thus
formed of a conductive material having a high work func-
tion. Specifically, a material of the anode may depend on
a light emission mode of the OLED element 140A. For
example, in a top emission mode OLED element, the
anode 141A can be formed of a material having high light
reflective property, or formed with a material having
transparent property with a reflective metal layer formed
thereunder. In contrast, in a bottom emission mode
OLED element, the anode 141A is formed as a transpar-
ent electrode without the reflective metal layer.

[0054] As mentioned above, the white OLED element
140A includes a first anode 141A1, a second anode
141A2 and a third anode 141A3. In this example, the first
anode 141A1is formed in an arearelative to the first pixel
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region R, the second anode 141A2 is formed in an area
relative to the second pixel region G, and the third anode
141A3isformedinan arearelative to the third pixel region
B. The first anode 141A1, the second anode 141A2, and
the third anode 141A3 are individually addressable. In
other words, each anode can be independently driven to
emit light in the corresponding pixel region. The one or
more of the first, second and third pixels may form a unit
pixel of the display device. Although the configuration of
the pixels R, G and B are shown as in the specific order
in linear fashion, it should be noted that the configuration
(e.g., order, location, shape, etc.) of the pixels R, G and
B may vary in a number of ways according to the display
device employing the white OLED element.

[0055] The cathode 145A is formed on the multi-lay-
ered light emission layer structure 144A. The cathode
145A may be also referred to as a negative electrode, a
common electrode, or a second electrode. The cathode
145A is formed on each of the first, second and the third
pixel regions. The cathode 145A is connected to an ad-
ditional voltage wire to apply the same voltage to all the
sub pixel regions. The cathode 145A may or may not be
patterned in units of the sub pixel regions.

[0056] As described above, the cathode 145A is con-
figured to supply electrons and is thus formed of a ma-
terial having high electrical conductivity and a low work
function, i.e., a material of a cathode. Similar to the anode
141A, the material of the cathode 145A can vary depend-
ing on the light emission type of an OLED element. For
example, in a top emission type OLED element, the cath-
ode 145A may be formed of a very thin metal material
having a low work function. In a bottom emission type
OLED element, the cathode 145A may be formed of a
conductive material having a low work function and high
reflectivity.

[0057] The multi-layered emission layer structure
144A may have a structure including a hole injection layer
(HIL), ahole transportlayer (HTL), a plurality of EL layers,
an electron transport layer (ETL), and an electron injec-
tion layer (EIL) that are sequentially stacked. Each EL
layer within the multi-layered emission layer structure
144A emits light having a different wavelength such that
the light of the individual EL layers collectively form white
light. In this case, the plurality of EL layers are arranged
to overlap each other at a part of the OLED element 140A
except excluding at least one part of the OLED element
140A.

[0058] The multi-layered emission layer structure
144A includes a first EL layer 144A1 and a second EL
layer 144A2. The first EL layer 144A1 emits first colored
light, and the second EL layer 144A2 emits second color-
ed light. In the present disclosure, the example shown in
FIG 1A will be described as if the light emitted from the
second EL layer 144A2 is blue. Since a part of the multi-
layered emission layer structure 144 A emits substantially
white light, the first color emitted from the first EL layer
144A1 is a color that can form white light when it is com-
bined with the blue light of the second EL layer 144A2.
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In other words, the wavelength of the light from the first
EL layer 144A1 and the wavelength of the light from the
second EL layer 144A2 complement each other. In the
present disclosure, the term "substantially white light" re-
fers to light that is a mixture of wavelengths of various
colors and is perceived as colorless, which may be re-
ferred hereinafter as "white light".

[0059] For convenience of explanation, white OLED
element 140A of the present disclosure is illustrated with
only the first EL layer 144A1 and the second EL layer
144 A2 that emit light that collectively form the white light.
Also, in FIG. 1a, the first EL layer 144A1 is illustrated as
a single EL layer emitting the first colored light (e.g., light
with a color complementary to the second colored light).
However, it should be appreciated that the first EL layer
144A1 can be formed with multiple layers, which emit
distinct colors of lights to form the first colored light. Ac-
cordingly, in some embodiments, the first EL layer 144A1
may be an EL layer in which a host is doped with a red
dopant and a green dopant, and the second EL layer
144A2is ablue EL layer. Here, the host means a material
that generates excitons from electrons and holes and
that does not emits light but delivers energy to the dopant,
and the dopant means a material that is added in a small
amount to the host and that receives energy from the
host to transforms the energy into light.

[0060] Insome embodiments, the first EL layer 144A1
includes a stack of a yellow EL layer and a green EL
layer, and the second EL layer 144A2 is a blue EL layer.
The yellow EL layer of the first EL layer 144A1 may be
disposed above or below the green EL layer of the first
EL layer 144A1. Also, in some embodiments, the first EL
layer 144A1 includes a stack of a red EL layer and a
green EL layer, and the second EL layer 144A2 is a blue
EL layer. Within the first EL layer 144A1, the red EL layer
may be formed above or below the green EL layer. In
some embodiments, the first EL layer 144A1 includes a
stack of an EL layer doped with a red phosphor dopant
and an EL layer doped with a yellow phosphor dopant.
The second EL layer 144A2 is an EL layer doped with a
blue phosphor dopant. In the first EL layer 144A1, the EL
layer doped with the red phosphor dopant may be formed
above or below the EL layer doped with the yellow phos-
phor dopant.

[0061] In all of the aforementioned embodiments, light
emitted from the first and second EL layers 144A1 and
144A2 are combined to form substantially white light in
the area where the first and second EL layers 144A1 and
144A2 overlap each other. That is, the light emitted from
the part of the OLED element relative to the first and
second pixels R and G is the white light. The second EL
layer emits substantially blue light at another part of the
white OLED element 140A, where only the second EL
layer 144A2 is formed. That is, the light emitted from the
part of the OLED element 140A relative to the third pixel
area B is the blue light.

[0062] To putitinother words, the first EL layer 144A1
is formed on the firstanode 141A1 and the second anode
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141A2. The second EL layer 144A2 is formed on the first
anode 141A1, the second anode 141A2, and the third
anode 141A3. The first EL layer 144A1 is formed on the
second EL layer 144A2. That is, the second EL layer
144A2 is formed on a surface of the first anode 141A1,
a surface of the second anode 141A2, and a surface of
the third anode 141A3, and the first EL layer 144A1 is
formed on over the second EL layer 144A2 that corre-
sponds to the first anode 141A1 and the second anode
141A2.

[0063] The cathode 145A is disposed in both the first
and second areas of the OLED element 140A, and dis-
posed on the first EL layer 144A1 and the second EL
layer 144A2. More particularly, the cathode 145A is
formed on the first EL layer 144A1 in the first pixel R and
the second pixel G, and on the second EL layer 144A2
in the third pixel B.

[0064] Accordingly, the multi-layered emission layer
structure 144A emits white light in area relative to the
first pixel R (e.g., red sub pixel region) and the second
pixel G (e.g., green sub pixel region) where both the first
and second EL layers 144A1 and 144A2 are formed. In
the third pixel region B (e.g., blue sub pixel region), how-
ever, the first EL layer 144A1 is not disposed, and the
second EL layer 144A2 emits blue light in the third pixel
B without being combined with the light from the first EL
layer 144A1.

[0065] As shown in FIG. 1a, a red color filter element
and green color filter element is disposed in the respec-
tive pixels to filter the white light from the multi-layered
emission layer structure to generate substantially red
light and green light, and to transmit the filtered light at
the corresponding pixels. In the white OLED element of
the presentdisclosure, thereis noblue color filter element
for filtering the white light for generating blue light. In-
stead, the blue light is emitted from the second EL layer
144A2 disposed in the third pixel B. Since the blue light
transmitted at the third pixel B is not the light generated
by filtering the white light, the luminance of the blue light
atthe third pixel B is significantly improved without having
to increase the driving current density at the blue pixel
of the display device. Also, the same level of blue lumi-
nance as the blue luminance from conventional white
OLED element can be obtained at lower current density,
and thus the power consumption of the OLED element
140A can be decreased. Of course, the lower driving cur-
rent density also leads to increase in the lifespan of the
OLED element 140A.

[0066] FIG. 1b is a pictorial representation (through a
cross sectional view) depicting an OLED element 140B
that can be employed in one embodiment of the present
application. Referring to FIG. 1b, the first EL layer 144B1
is formed on the firstanode 141B1 and the second anode
141B2. The second EL layer 144B2, which emits blue
light, is formed on the first anode 141B1, the second an-
ode 141B2 and the third anode 141B3. That is, the first
organic EL layer 144B1 is formed on a surface of the first
anode 141B1 and a surface of the second anode 141B2,
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and the second EL layer 144B2 is formed on the first EL
layer 144B1 and a surface of the third anode 141B3.
[0067] To simply put, the order in which the EL layers
are disposed in the white OLED element 140B is different
from order of the EL layers in the white OLED element
140A depicted in FIG. 1a. Despite being disposed in a
different order, the first EL layer 144B1 and the second
EL layer 144B2 of the OLED element 140B are arranged
to be overlap each other on the first anode 141B1 and
the second anode 141B2. Accordingly, the white light is
emitted in the part of the multi-layered emission layer
structure 140B relative to the first pixel R and the second
pixel G. Further, the EL layer emitting blue light (i.e., sec-
ond EL layer 144B2) of the OLED element 140B is ex-
tended further out to the part ofthe multi-layered emission
layer structure 144B relative to the third pixel B. The blue
light from the second EL layer 144B2 is substantially un-
affected by the light emitted from the other EL layer(s)
(e.g., the first emission layer 144B1) of the multi-layered
emission layer structure 144B, and be transmitted at the
third pixel B (e.g., blue sub pixel region). As such, the
luminance and the improved lifespan of the display de-
vice can be achieved in a more efficient way.

[0068] FIG. 1c is a pictorial representation (through a
cross sectional view) depicting an OLED element 140C
that can be employed in one embodiment of the display
device. Referring to FIG. 1c, the OLED element 140C
includes four pixels, including a first pixel R, a second
pixel G, a third pixel B and a fourth pixel W. The first pixel
R can be a red sub pixel region, the second pixel G can
be a green sub pixel region, the third pixel B can be a
blue sub pixel region, and the fourth pixel W can be a
white sub pixel region. The white pixel can be used to
further reduce the power consumption and improve the
luminance of the OLED element.

[0069] An anode 141C is disposed in each of the sub
pixel region. For instance, a first anode 141C1, a second
anode 141C2, a third anode 141C3 and a fourth anode
141C4 are disposed in the first pixel R, the second pixel
G, the third pixel B and the fourth pixel W, respectively.
Although the first anode 141C1, the second anode
141C2, the third anode 141C3, and the fourth anode
141C4 are illustrated to be in contact with adjacent an-
ode, it should be appreciated that each anode is config-
ured to operate separately with discrete signal supplied
to each of the anodes in the pixel regions.

[0070] A cathode 145C is formed on the anode 141C.
The cathode 145C is formed on the entire multi-layered
emission layer structure 144C. The cathode 145C is con-
nected to an additional voltage wire to supply a common
voltage to all sub pixel regions. Also, the cathode 145C
can be patterned so long as the cathode 145C is config-
ured to supply a common voltage to all four sub pixel
regions.

[0071] In this example, the first EL layer 144C1 is
formed on the first anode 141C1, the second anode
141C2, and the fourthanode 141C4. The second EL layer
144C2 is formed on the first anode 141C1, the second
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anode 141C2, the third anode 141C3, and the fourth an-
ode 141C4. Accordingly, the first EL layer 144C1 is
formed in the first pixel R (red sub pixel region), the sec-
ond pixel G (green sub pixel region), and the fourth pixel
W (white sub pixel region), whereas the second EL layer
144C2 is formed in the first pixel R (red sub pixel region),
the second pixel G (green sub pixel region), the third pixel
B (blue sub pixel region), and the fourth pixel W (white
sub pixel region). As described above, the multi-layered
emission layer structure 144C emits white light in the
pixels having both the first and second EL layers. Ac-
cordingly, white light is emitted from the first pixel R, the
second pixel G, and the fourth pixel W. In contrast, blue
light is emitted from the third pixel B, where only the sec-
ond EL layer 144C2 is disposed.

[0072] As described, red and green color filter ele-
ments can be disposed in the first pixel R and the second
pixel G, respectively. By filtering the white light from the
multi-layered emission layer structure 144C, red colored
light is transmitted at the red sub pixel region and green
light is transmitted at the green sub pixel region. The blue
light emitted from the second EL layer 144C2 is trans-
mitted at the blue sub pixel region. In the white sub pixel
region, the white light from the multi-layered emission
structure 144C is transmitted.

[0073] InFIG. 1c, the first EL layer 144C1 is illustrated
to be disposed on the second EL layer 144C2 to form
the multi-layered light emitting layer structure 140C. In
some embodiments, however, the second EL layer
144C2 may be disposed on the first EL layer 144C1. In
such cases, the second EL layer 144C2 (e.g., the EL
layer for emitting blue light) should be disposed the part
of the multi-layered emission layer structure relative to
all four pixels described above, and the first EL layer
144C1 should be disposed in the part of the multi-layered
emission layer structure relative to the pixels except the
blue pixel.

[0074] FIG. 2a is a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 200A according to an exemplary embod-
iment of the present invention. Referring to FIG. 2a, the
organic light emitting display device 200A includes a first
substrate 210A, an white OLED element 240A, a plurality
of color filter elements 290A, and a second substrate
215A. The white OLED element 240A includes a plurality
of anodes 241A, a multi-layered emission layer structure
244A and a cathode 245A that are substantially the same
as the OLED element 140A described above.

[0075] The first substrate 210A is a substrate config-
ured to support various elements of the organic light emit-
ting display device 200A. The first substrate 210A is a
support substrate disposed at a bottom of the organic
light emitting display device 200A, and may be also re-
ferred to as a substrate, a support member, a support
substrate, a lower substrate, a thin film transistor (TFT)
substrate, a lower support member, etc. The support
member may be formed of an insulating material, e.g.,
glass or plastic, but is not limited thereto and may be
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formed of any of various other materials.

[0076] A material of the first substrate 210A may de-
pend on a light-emitting manner of the organic light emit-
ting display device 200A. For example, when the organic
light emitting display device 200A is a top emission type
organic light emitting display device, the first substrate
210A may be formed of an insulating material but does
not always need to be formed of a transparent material.
When the organic light emitting display device 200A is a
bottom emission type organic light emitting display de-
vice, the first substrate 210A may be formed of a trans-
parent insulating material.

[0077] When the organic light emitting display device
200A is a flexible organic light emitting display device,
the first substrate 210A may be formed of a flexible in-
sulating material. Here, flexible insulating materials avail-
able may include polyimide (Pl), polyetherimide (PEI),
polyethylene terephthalate (PET), polycarbonate (PC),
polymethyl methacrylate (PMMA), polystyrene (PS), sty-
rene acrylonitrile (SAN) polymer, silicon-acryl resin, etc.
When the organic light emitting display device 200A is a
transparent organic light emitting display device, the first
substrate 210A may be formed of a transparentinsulating
material.

[0078] The organic light emitting display device 200A
may include a plurality of unit pixels. When the first sub-
strate 210A includes a plurality of unit pixels, the plurality
of unit pixels may be arranged in a matrix. Each of the
plurality of unit pixels may include a plurality of sub pixel
regions. The plurality of sub pixel regions may include a
first sub pixel region R, a second sub pixel region G, and
a third sub pixel region B. Here, the first sub pixel region
R, the second sub pixel region G, and the third sub pixel
region B are sub pixel regions that emit different colors.
The first sub pixel region R may be ared sub pixel region,
the second sub pixel region G may be a green sub pixel
region, and the third sub pixel region B may be a blue
sub pixel region. In the present disclosure, the red sub
pixel region, the green sub pixel region, and the blue sub
pixel region are illustrated as the first sub pixel region R,
the second sub pixel region G, and the third sub pixel
region B, respectively. In the present disclosure, the sub
pixel region may also be referred to as a pixel, and the
sub pixel region may also be referred to as a sub pixel.
[0079] As shown in FIG. 2a, the organic light emitting
display device 200A includes a first area X and a second
area Y. The second area Y includes the third sub pixel
region B, which is a blue sub pixel region. The first area
X includes the first sub pixel region R and the second
sub pixel region G, which are remaining sub pixel regions
excluding the blue sub pixel region.

[0080] The plurality of anodes 241A includes a first an-
ode 241A1, a second anode 241A2, and a third anode
241A3. The first anode 241A1 is disposed on a region
corresponding to the first sub pixel region R, the second
anode 241A2 is disposed on a region corresponding to
the second sub pixel region G, and the third anode 241A3
is disposed on a region corresponding to the third sub



19 EP 2 939 284 B1 20

pixel region B. Although the first, second and third anodes
are illustrated as being in contact with one another, each
ofthe anode is individually addressable such that signals
can be provided on individual basis to drive the first, sec-
ond and third anodes 214A1, 214A2 and 242A3 in the
sub pixel regions.

[0081] The multi-layered emission layer structure
244A that includes the first EL layer 244A1 and the sec-
ond EL layer 244A2 are formed on the anode 241A. In
the multi-layered emission layer structure 244A, the first
EL layer 244A1 is formed in the first area X of the first
substrate 210A and the second EL layer 244A2 is formed
in the first area X and the second area Y of the first sub-
strate 210A. Here, the first area X includes the first sub
pixel region R and the second sub pixel region G, and
the second area Y includes the third sub pixel region B.
Thus, in the multi-layered emission layer structure 244A,
the second EL layer 244A2 is formed on the first anode
241A1 corresponding to the first sub pixel region R, the
second anode 241A2 corresponding to the second sub
pixel region G, and the third anode 241A3 corresponding
to the third sub pixel region B, and the first EL layer 244 A1
is formed on the first anode 241A1 corresponding to the
first sub pixel region R and the second anode 241A2
corresponding to the second sub pixel region G. The first
EL layer 244A1 is formed on the second EL layer 244A2.
Thatis, the second EL layer 244A2 is formed on a surface
of the first anode 241A1, a surface of the second anode
241A2, and a surface of the third anode 241A3, and the
first EL layer 244A1 is formed on a surface of the second
EL layer 244A2 corresponding to the first anode 241A1
and the second anode 241A2.

[0082] Light emitted from the first EL layer 244A1 and
light emitted from the second EL layer 244A2 are differ-
ent, and are combined to form white light. Specifically,
the second EL layer structure 244A2 may be a blue EL
layer that emits blue light, and the first EL layer structure
244A1 may be an EL layer that emits light of another
colored light that, in combination with the blue light, form
the white light.

[0083] In some embodiments, the first EL layer 244A1
may be an EL layer in which a host is doped with a red
dopant and a green dopant, and the second EL layer
244A2 may be a blue EL layer. Lights emitted from the
first and second EL layers 244A1 and 244A2 are mixed
to transmit white colored light in the area where the first
and second EL layers 244A1 and 244A2 overlap one
another. The second EL layer emits blue colored light at
another area where only the second EL layer 144A2 is
formed.

[0084] In some embodiments, the first EL layer 244A1
includes a stack of a yellow EL layer and a green EL
layer, and the second EL layer 244A2 is a blue EL layer.
The yellow EL layer of the first EL layer 244A1 may be
disposed above or below the green EL layer of the first
EL layer 244A1. Also, in some embodiments, the first EL
layer 244A1 includes a stack of a red EL layer and a
green EL layer, and the second EL layer 244A2 is a blue
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EL layer. Within the first EL layer 244A1, the red EL layer
may be formed above or below the green EL layer. In
some embodiments, the first EL layer 244A1 includes a
stack of an EL layer doped with a red phosphor dopant
and an EL layer doped with a yellow phosphor dopant.
The second EL layer 244A2 is an EL layer doped with a
blue phosphor dopant. In the first EL layer 244A1, the EL
layer doped with the red phosphor dopant may be formed
above or below the EL layer doped with the yellow phos-
phor dopant.

[0085] In all of the aforementioned embodiments, light
emitted from the first and second EL layers 244A1 and
244A2 are combined to form the white light in the area
where the firstand second EL layers 244A1, 244 A2 over-
lap each other. The second EL layer emits blue colored
light at another area where only the second EL layer
244A2 is formed.

[0086] The cathode 245A isformed on the first EL layer
244A1 in the first area X, and is formed on the second
EL layer 244A2inthe second area Y. Thatis, the cathode
245A is formed on the first EL layer 244A1 in the first sub
pixel region R and the second sub pixel region G, and is
formed on the second EL layer 244A2 in the third sub
pixel region B.

[0087] The cathode 245A is configured to supply elec-
trons and is thus formed of a material having high elec-
trical conductivity and a low work function, i.e., a material
of a cathode. Specifically, a material of the cathode 245A
may vary depending on the light-emitting mode of the
organic light emitting display device 200A. When the or-
ganic light emitting display device 200A is a top emission
type organic light emitting display device as illustrated in
FIG. 2a, the cathode 245A may be formed of a material
having a low work function to discharge light emitted from
the multi-layered emission layer structure 244A to the
top of the organic light emitting display device 200A.
[0088] The second substrate 215A is a substrate con-
figured to support and to protect various elements of the
organic light emitting display device 200A, and is dis-
posed opposite the first substrate 210A. The second sub-
strate 215A is a support substrate disposed on the top
of the organic light emitting display device 200A and may
be referred to as an upper substrate, a protective sub-
strate, a color filter substrate, a cover substrate, an upper
support member, etc.

[0089] The second substrate 215A may be formed of
an insulating material such as glass or plastic, but is not
limited thereto and may be formed of any of various other
materials. When the organic light emitting display device
200A is a top emission type organic light emitting display
device as illustrated in FIG. 2a, the second substrate
215A may be formed of a transparent insulating material.
In some embodiments, the second substrate 215A may
be formed of a material that is substantially the same as
the material of the first substrate 210A.

[0090] Although note shown in FIG. 2a, a black matrix
may be formed on the second substrate 215A. The black
matrix may be formed at a boundary between sub pixel
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regions. The black matrix may be formed of chromium
(Cr) or another non-transparent metal film, or may be
formed of resin. The black matrix may separate the sub
pixel regions and the color filter 290A formed on the sub
pixel regions.

[0091] A plurality of color filter elements 290A is ar-
ranged relative to the first area X. More specifically, the
red color filter element 291A formed in the red sub pixel
region R within the first area X, and a green color filter
element 292A formed in the green sub pixel region G
within the first area X. These color filter elements are
positioned such that the white colored light generated
from the multi-layered emission layer structure 244A is
passed through and transformed into red colored light at
the red sub pixel area R and green colored lights at the
green sub pixel area G.

[0092] Color filter element needs not be arranged rel-
ative to the second area Y. Since the part of the multi-
layered emission layer structure 244A arranged at the
second area Y (i.e., the third sub pixel region B) is the
second EL layer 244A2 (i.e., a blue EL layer), blue color-
ed light can be transmitted at the third sub pixel region
B (i.e., blue sub pixel region B) without any color filter
element. To planarize the sub pixel areas, however, a
transparent member (e.g., transparent resin layer) hav-
ing the same thickness as the plurality of color filter ele-
ments 290A may be disposed at the second area Y. In
this configuration, improvement in the efficiency, power
consumption and the lifespan of the organic light emitting
element 240A can be obtained.

[0093] The organic light emitting display device 200A
in FIG. 2a has been illustrated as a top emission type
organic light emitting display device and the plurality of
color filter elements 290A has been shown as being
formed on the cathode 245A.

[0094] Although for convenience of explanation, FIG.
2a illustrates that the color filter elements 290A and the
cathode 245A contact each other, the cathode 245A and
the color filter elements 290A may be disposed spaced
from each other and an encapsulating unit may be dis-
posed in a space between the cathode 245A and the
color filter elements 290A. The encapsulating unit will be
described in detail below.

[0095] FIG. 2b is a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 200B according to an exemplary embod-
iment of the present invention. Referring to FIG. 2b, ex-
cept for the multi-layered emission layer structure 240A,
all of the components are same as the organic light emit-
ting display device 200A. In the organic light emitting dis-
play device 200A, the second EL layer 244B2 is formed
on the first EL layer 244B1. In other words, the first EL
layer 244B1 is formed on a surface of the first anode
241B1 and a surface of the second anode 241B2, and
the second EL layer 244B2 is formed on a surface of the
first EL layer 244B1 and a surface of the third anode
241B3.

[0096] FIG. 2c is a pictorial representation (through a
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cross sectional view) depicting an organic light emitting
display device 200C according to an exemplary embod-
iment of the present invention. Elements illustrated in
FIG. 2C are substantially the same as those in FIG. 2a
with like numerals assigned thereto (except for alpha-
bets).

[0097] In this example, the plurality of color filter ele-
ments 290C further includes a third color filter element
293C. The third color filter element 293C is disposed in
the second area Y. Specifically, the third color filter ele-
ment 293C is a blue color filter element formed in a third
sub pixel region B, which is a blue sub pixel region.
[0098] Since only the second EL layer 244C2 is formed
in the second area Y, which includes the third sub pixel
area B, blue light emitted from second EL layer 244C is
transmitted at the third sub pixel region B. Thus, there is
no need for the blue colorfilter element 293C to represent
blue color in the third sub pixel region B. When white light
emitted from a white EL layer passes through the blue
color filter element, only the light in certain wavelength
range is passed through, thereby substantially decreas-
ing the luminance. When the blue light emitted from the
second EL layer 244C2 passes through the blue color
filter element 293C, however, large part of the blue light
can be passed through the color filter element 293C with-
out being absorbed by the color filter element 293C. As
such, even if the third color filter 293C is disposed in the
third sub pixel region B, the luminance efficiency is hardly
reduced. Furthermore, blue color coordinates are easier
to match and a contrast ratio (CR) may be improved in
the blue sub pixel region B by filtering the blue light
through the blue color filter.

[0099] FIG. 2d is a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 200D according to an exemplary embod-
iment of the present invention. Elements illustrated in
FIG. 2d are substantially the same as those in FIG. 2a
with like numerals assigned thereto (except for alpha-
bets). Referring to FIG. 2d, a charge generation layer
(CGL) 246D is formed between a first EL layer 244D1
and a second EL layer 244D2. The charge generation
layer 246D is a layer configured to generate electric
charges (i.e., electrons and holes) therein. The charge
generation layer 246D is present in a structure that con-
nects the first EL layer 244D1 and the second EL layer
244D2 in series, and increases the efficiency of current
generated between the first EL layer 244D1 and the sec-
ond EL layer 244D2.

[0100] AsshowninFIG.2d, the charge generation lay-
er 246D is formed between the first EL layer 244D1 and
the second EL layer 244D2 in a first area X. Since the
charge generation layer 246D is formed between the first
EL layer 244D1 and the second EL layer 244D2 to in-
crease the efficiency of current generated between the
first EL layer 244D1 and the second EL layer 244D2, the
charge generation layer 246D is formed in the first area
X including the first sub pixel region R and the second
sub pixel region G where both the first EL layer 244D1



23 EP 2 939 284 B1 24

and the second EL layer 244D2 are formed. However,
the present invention is not limited thereto, and the
charge generation layer 246D may be formed in both the
first area X and a second area Y, especially when the
firstand/or the second EL layer itself is formed of multiple
EL layers.

[0101] FIG. 2e is a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 200E according to an exemplary embod-
iment of the present invention. Elements illustrated in
FIG. 2e are substantially the same as those in FIG. 2a
with like numerals assigned thereto (except for alpha-
bets).

[0102] Referring to FIG. 2e, the organic light emitting
display device 200E may include pixel regions, and each
of the pixel regions may include a plurality of sub pixel
regions. Forexample, each of the plurality of pixel regions
may include a first sub pixel region R, a second sub pixel
region G, a third sub pixel region B, and a fourth sub pixel
region W. Here, it is defined that the first sub pixel region
R is a red sub pixel region, the second sub pixel region
G is a green sub pixel region, the third sub pixel region
B is a blue sub pixel region, and the fourth sub pixel region
W is a white sub pixel region configured to reduce power
consumption and improves brightness. Also, itis defined
that a second area Y of the first substrate 210E is the
third sub pixel region B which is the blue sub pixel region,
and a first area X of the first substrate 210E includes the
first sub pixel region R, the second sub pixel region G,
and the fourth sub pixel region W which are the other sub
pixel regions except for the blue sub pixel region.
[0103] An anode 241E includes a first anode 241E1,
asecond anode 241E2, athird anode 241E3, and afourth
anode 241E4. It is defined that the first anode 241E1 is
formed on a region corresponding to the first sub pixel
region R, the second anode 241E2 is formed on a region
corresponding to the second sub pixel region G, the third
anode 241E3 is formed on a region corresponding to the
third sub pixel region B, and the fourth anode 241E4 is
formed on aregion corresponding to the fourth sub pixel
region W. Although for convenience of explanation, FIG.
2e illustrates that the first anode 241E1, the second an-
ode 241E2, the third anode 241E3, and the fourth anode
241E4 contact one another, the first anode 241E1, the
second anode 241E2, the third anode 241E3, and the
fourth anode 241E4 may be formed to be separated from
one another so that signals may be independently sup-
plied to the sub pixel regions to independently drive these
anodes in units of the sub pixel regions.

[0104] A cathode 245E is formed on the anode 241E.
The cathode 245E may be formed on the entire anode
241E. That is, since the cathode 245E is connected to
an additional voltage wire to supply the same voltage to
all the sub pixel regions, the cathode 245E may not be
patterned in units of the sub pixel regions and may be
formed to cover the entire anode 241E.

[0105] A first EL layer 244E1 is formed on the first an-
ode 241E1, the second anode 241E2, and the fourth an-
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ode 241E4, and a second EL layer 244E2 is formed on
the firstanode 241E1, the second anode 241E2, the third
anode 241E3, and the fourth anode 241E4. That is, the
first EL layer 244E1 is formed on the red sub pixel region,
the green sub pixel region, and the white sub pixel region,
whereas the second EL layer 244E2 is formed on the red
sub pixel region, the green sub pixel region, the blue sub
pixel region, and the white sub pixel region. Thus, the
multi-layered emission layer structure 244E emits white
light in the red sub pixel region R, the green sub pixel
region G, and the white sub pixel region W in which both
the first and second EL layers 244E1 and 244E2 are
formed. The multi-layered emission layer structure 244E
emits blue light in the blue sub pixel region B in which
only the second EL layer 244E2 is disposed.

[0106] The first EL layer 244E1 is formed on the first
anode 241E1, the second anode 241E2, and the fourth
anode 241E4. The second EL layer 244E2 is formed on
the firstanode 241E1, the second anode 241E2, the third
anode 241E3, and the fourth anode 241E4. The first EL
layer 244E1 is formed on the second EL layer 244E2.
Thatis, the second EL layer 244E2 is formed on a surface
of the first anode 241E1, a surface of the second anode
241E2, a surface of the third anode 241E3, and a surface
of the fourth anode 241E4, and the first EL layer 244E1
is formed on a surface of the second EL layer 244E2
corresponding to the first anode 241E1, the second an-
ode 241E2, and the fourth anode 241E4. A process of
forming the first and second EL layers 244E1 and 244E2
according to a manner of stacking the first and second
EL layers 244E1 and 244E2 will be described below. In
some embodiments, as illustrated in FIG. 2b, the first EL
layer 244E1 may be formed on the surface of the first
anode 241E1, a surface of the second anode 241E2, and
a surface of the fourth anode 241E4, and the second EL
layer 244E2 may be formed on a surface of the first EL
layer 244E1 and a surface of the third anode 241E3.
[0107] The cathode 245E isformed on the first EL layer
244E1 and the second EL layer 244E2. Specifically, the
cathode 245E is formed on the first EL layer 244E1 in
the first sub pixel region R, the second sub pixel region
G, and the fourth sub pixel region W, and on the second
EL layer 244E2 in the third sub pixel region B.

[0108] FIG. 3ais a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 300A according to an exemplary embod-
iment of the present invention.

[0109] Referring to FIG. 3a, the organic light emitting
display device 300A includes a first substrate 310A, a
thin film transistor 320A, an organic light emitting element
340A, an encapsulating unit 360A, a color filter 390A,
and a second substrate 315A. The first substrate 310A,
the color filter 390A, and the second substrate 315A are
substantially the same as the first substrate 210A, the
color filter 290A, and the second substrate 215A of FIG.
2a, and are not redundantly described here.

[0110] An active layer 321A is formed on the first sub-
strate 310A. The active layer 321Amay include a channel
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region in which a channel is formed, and a source region
and a drain region that contact a source electrode 323A
and a drain electrode 324A, respectively. The active layer
321A may be formed of amorphous silicon, polycrystal-
line silicon, or an oxide semiconductor. In the case of a
thin film transistor using polycrystalline silicon as an ac-
tive layer, an ion injection process is performed to adjust
a resistance of the active layer and an additional mask
may be used to define an ion injection region. Since the
ion injection process is added, the thin film transistor us-
ing polycrystalline silicon as an active layer is disadvan-
tageous in terms of a manufacturing process. In contrast,
a thin film transistor using an oxide semiconductor as an
active layer has higher mobility than a thin film transistor
using amorphous silicon as an active layer, has a much
lower amount of leak current than the thin film transistor
using amorphous silicon as an active layer and a thin film
transistor using polycrystalline silicon as an active layer,
and satisfies high reliability test conditions. Also, the thin
film transistor using an oxide semiconductor as an active
layer has a regular distribution of threshold voltages,
compared to the thin film transistor using polycrystalline
silicon as an active layer.

[0111] The active layer 321A may include an oxide
semiconductor. As a material of the oxide semiconductor
included in the active layer 321A, an indium-tin-gallium-
zinc oxide (INSnGazZnO)-based material which is a qua-
ternary metal oxide; an indium-gallium-zinc oxide (In-
GazZnO)-based material, an indium-tin-zinc oxide (In-
SnZnO)-based material, an indium-aluminum-zinc oxide
(InAlZnO)-based material, a tin-gallium-zinc oxide (Sn-
GazZnO)-based material, an aluminum-gallium- zinc ox-
ide (AlGaZnO)-based material, or a tin-aluminum-zinc
oxide (SnAlZnO)-based material which is a ternary metal
oxide; an indium zinc oxide (InZnO)-based material, a tin
zinc oxide (SnZnO)-based material, an aluminum zinc
oxide (AlZnO)-based material, a zinc magnesium oxide
(ZnMgO)-based material, a tin magnesium oxide (SnM-
gO)-based material, an indium magnesium oxide (InM-
gO)-based material, or an indium gallium oxide (In-
GaO)-based material which is a binary metal oxides; an
indium oxide (InO)-based material, a tin oxide
(SnO)-based material, a zinc oxide (ZnO)-based mate-
rial, etc. may be used. The composition ratio of the ele-
ments included in each of the oxide semiconductors de-
scribed above is not limited and may be variously adjust-
ed.

[0112] In some embodiments, a buffer layer may be
formed on the entire first substrate 310A. The buffer layer
may prevent inflow of moisture or impurities via the first
substrate 310A, and provide a flat surface on the first
substrate 310A. However, the buffer layer is optional and
may be selectively formed according to the type of the
first substrate 310A or the type of the thin film transistor
320A used in the organic light emitting display device
300A. For example, the buffer layer is optional when the
thin film transistor 320A uses an oxide semiconductor as
the active layer 321A but may be indispensable to im-
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proving interface characteristics of the active layer 321A
when the thin film transistor 320A uses amorphous silicon
or polycrystalline silicon as the active layer 321A. If the
buffer layer is used, the buffer layer may be formed of a
silicon oxide film, a silicon nitride film, or a multi-layer film
thereof.

[0113] A gate insulating film 332A is formed on the ac-
tive layer 321A. The gate insulating film 332A insulates
the active layer 321A and a gate electrode 322A from
each other. The gate insulating film 332A may be formed
of a silicon oxide film, a silicon nitride film, or a multi-layer
film thereof, but is not limited thereto and may be formed
of any of other various materials. The gate insulating film
332A may be formed on the entire first substrate 310A
including the active layer 321A but may be formed only
on the active layer 321A as illustrated in FIG. 3a since it
is sufficient for the gate insulating film 332A to insulate
the active layer 321A and the gate electrode 322A from
each other. When the gate insulating film 332A is formed
on the entire first substrate 310A, the gate insulating film
332A may be formed to have contact holes via which
some regions of the active layer 321A is exposed. Some
regions of the source region and the drain region of the
active layer 321A may be exposed via the contact holes.
[0114] The gate electrode 322A is formed on the gate
insulating film 332A. At least a portion of the gate elec-
trode 322A overlaps with the active layer 321A, and par-
ticularly, the channel region of the active layer 321A. The
gate electrode 322A may be formed of at least one se-
lected from the group consisting of molybdenum (Mo),
aluminum (Al), chromium (Cr), gold (Au), titanium (Ti),
nickel (Ni), neodymium (Nd), and copper (Cu), but is not
limited thereto and may be formed of any of other various
materials. Also, the gate electrode 322A may be a mul-
tilayer film including at least one selected from the group
consisting of molybdenum (Mo), aluminum (Al), chromi-
um (Cr), gold (Au), titanium (Ti), nickel (Ni), neodymium
(Nd), and copper (Cu).

[0115] An interlayer insulating film 333A is formed on
the gate electrode 322A. The interlayer insulating film
333A may be formed of a material used to form the gate
insulating film 332A and formed of a silicon oxide film, a
silicon nitride film, or a multilayer film including these
films, but is not limited thereto and may be formed of any
of other various materials. The interlayer insulating film
333A may be formed on the entire first substrate 310A,
and may have contact holes via which some regions of
the active layer 321A are exposed. Some regions of the
source and drain regions of the active layer 321A may
be exposed via the contact holes.

[0116] The source electrode 323A and the drain elec-
trode 324A are formed on the interlayer insulating film
333A. The source electrode 323A and the drain electrode
324A may be electrically connected to the source and
drain regions of the active layer 321A via the contact
holes formed in the interlayer insulating film 333A and/or
the gate insulating film 332A, respectively. The source
electrode 323A and the drain electrode 324A may be
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each formed of at least one selected from the group con-
sisting of molybdenum (Mo), aluminum (Al), chromium
(Cr), gold (Au), titanium (Ti), nickel (Ni), neodymium (Nd),
and copper (Cu), but is not limited thereto and may be
formed of any of other various materials. Also, the source
electrode 323A and the drain electrode 324A may be
each amultilayer film including at least one selected from
the group consisting of molybdenum (Mo), aluminum (Al),
chromium (Cr), gold (Au), titanium (Ti), nickel (Ni), neo-
dymium (Nd), and copper (Cu).

[0117] A passivation film 334A is formed on the source
electrode 323A and the drain electrode 324A. The pas-
sivation film 334A may have a contact hole via which the
source electrode 323A or the drain electrode 324A is
exposed. The passivation film 334A is a protective layer,
may be formed of the material used to form the interlayer
insulating film 333A and/or the gate insulating film 332A,
and may be formed to be a single or multiple layer in-
cluding one of a silicon oxide film, a silicon nitride film,
etc., but is not limited thereto and may be formed of any
of other various materials. Although FIG. 3a illustrates
that the organic light emitting display device 300A in-
cludes the passivation film 334A, the passivation film
334Ais notanindispensable element and is thus option-
al.

[0118] An over-coating layer 335A is formed on the
source electrode 323A and the drain electrode 324A. The
over-coating layer 335A may be also referred to as a
planarizing film. When the passivation fiim 334A is
formed, the over-coating layer 335A may be formed on
the passivation film 334A. The over-coating layer 335A
provides a flat surface on the first substrate 310A. Also,
the over-coating layer 335A may have a contact hole via
which the source electrode 323A or the drain electrode
324A is exposed. The over-coating layer 335A may be
formed of at least one material among polyacrylates res-
in, epoxy resin, phenolic resin, polyamides resin, poly-
imides resin, unsaturated polyesters resin, poly-phe-
nylenethers resin, poly-phenylenesulfides resin, and
benzocyclobutene, but is not limited thereto and may be
formed of any of various other materials.

[0119] The thin film transistor 320A includes the active
layer 321A, the gate electrode 322A, the source elec-
trode 323A, and the drain electrode 324A formed as de-
scribed above. The thin film transistor 320A may be
formed on the first substrate 310A in units of pixel regions
or sub pixel regions, and enable the pixel regions or the
sub pixel regions to be independently driven. The struc-
ture of the thin film transistor 320Ais, however, not limited
to the above description and may be modified to any of
well-known various thin film transistor structures that
those of ordinary skill would easily achieved.

[0120] The thin film transistor 320A may be formed on
the first substrate 310A to cause a multi-layered emission
layer structure 344Ato emit light. In general, a switching
thin film transistor and a driving thin film transistor are
used to cause the multi-layered emission layer structure
344Ato emit light based on image information of a data
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signal input according to a scan signal.

[0121] When the scan signal is supplied to the switch-
ing thin film transistor via a gate wire, the switching thin
film transistor transmits the data signal received via a
data wire to a gate electrode of the driving thin film tran-
sistor. The driving thin film transistor delivers current sup-
plied via a power supply wire to an anode, based on the
data signal received from the switching thin film transis-
tor, and light emission of an EL layer of a corresponding
pixel or sub pixel is controlled using the current supplied
to the anode.

[0122] The organic light emitting display device 300A
may further include a thin film transistor for a compensa-
tion circuit designed to prevent abnormal driving of the
organic light emitting display device 300A. In the present
disclosure, only the driving thin film transistor among var-
ious thin film transistors that may be included in the or-
ganic light emitting display device 300A is illustrated for
convenience of explanation.

[0123] Thin film transistors may be classified into an
inverted-staggered type thin film transistor and a copla-
nar type thin film transistor according to the location of
elements thereof. The inverted-staggered type thin film
transistor means a thin film transistor in which a gate
electrode is disposed opposite a source electrode and a
drain electrode with respect to an active layer. The co-
planar type thin film transistor means a thin film transistor
in which a gate electrode is disposed at the same side
as a source electrode and a drain electrode with respect
to an active layer. In the present disclosure, the coplanar
type thin film transistor is illustrated for convenience of
explanation, but the presentinvention is not limited there-
to andthe inverted-staggered type thin film transistor may
be employed.

[0124] The organic light emitting element 340A includ-
ing the anodes 341A, the multi-layered emission layer
structure 344A, and a cathode 345A is formed on the first
substrate 310A. The organic light emitting element 340A
is driven to form an image according to the principle that
holes supplied from the anodes 341A and electrons sup-
plied from the cathode 345A are recombined in the EL
layer(s) to emit light.

[0125] The organic light emitting display device 300A
may be an independent driving display device, and is
each of the sub pixel regions may be driven separately.
Thus, the thin film transistor 320A and the organic light
emitting element340A described above may be disposed
in the sub pixel regions to cause the thin film transistor
320A disposed in each of the sub pixel regions to inde-
pendently drive the organic light emitting element 340A.
[0126] The anodes 341A are formed on the over-coat-
ing layer 335A. The anodes 341A may be connected to
the source electrode 323A of the thin film transistor 320A
via the contact hole formed in the over-coating layer
335A. In the present disclosure, it has been described
that the anodes 341A are connected to the source elec-
trode 323A on an assumption that the thin film transistor
320Ais an N-type thin film transistor. However, when the
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thin film transistor 320A is a P-type thin film transistor,
the anodes 341A may be connected to the drain electrode
324A. The anodes 341A may directly contact the multi-
layered emission layer structure 344A or may contact the
multi-layered emission layer structure 344A via a con-
ductive material to be electrically connected to the EL
layer 344A.

[0127] Since the anodes 341A should supply holes,
the anodes 341A are formed of a material having a high
work function. The anodes 341A may each include a
transparent conductive layer 343A having a high work
function. The transparent conductive layer 343A may be
formed of a transparent conductive oxide (TCO), such
as indium tin oxide (ITO), indium zinc oxide (1ZO), indium
tin zinc oxide (ITZO), zinc oxide (Zinc Oxide), or tin oxide
(Tin Oxide).

[0128] When the organic light emitting display device
300A is a top emission type organic light emitting display
device as illustrated in FIG. 3a, the anodes 341A each
include a reflective layer 342A formed below the trans-
parent conductive layer 343A. The multi-layered emis-
sion layer structure 344 A emits lightin a forward direction.
However, when the organic light emitting display device
300A is a top emission type organic light emitting display
device, light emitted from the multi-layered emission lay-
er structure 344A should be discharged to the top of the
organic light emitting display device 300A. However, as
described above, when the anodes 341A each include
only the transparent conductive layer 343A, light emitted
from the multi-layered emission layer structure 344A to-
ward the anodes 341A may be reflected upward by other
elements disposed below the anodes 341A but may also
be discharged below the first substrate 310A and thus
be lost. In this case, the luminance efficiency of the or-
ganic light emitting display device 300A is low. Thus,
each of the anodes 341A may further include an addi-
tional low-resistance reflective layer 342A to discharge
light, which is emitted from the multi-layered emission
layer structure 344A toward the anodes 341A, to the top
of the organic light emitting display device 300A. The
reflective layer 342A may be formed of a conductive layer
having high reflectivity, e.g., silver (Ag), nickel (Ni), gold
(Au), platinum (Pt), aluminum (Al), copper (Cu), or mo-
lybdenum/aluminum neodymium (Mo/AINd). Although it
has been defined in the present disclosure that the an-
odes 341A eachinclude the transparent conductive layer
343A and the reflective layer 342A, it may be defined that
the anodes 341A each include only the transparent con-
ductive layer 343A and the reflective layer 342A is sep-
arately disposed. Also, it has been described in the
present disclosure that the anodes 341A each include a
transparent conductive material having a high work func-
tion and a reflective metal layer, but the anodes 341A
may be formed of a conductive material having a high
work function and high reflectivity.

[0129] Among the transparent conductive layer 343A
and the reflective layer 342A that constitute each of the
anodes 341A, the transparent conductive layer 343A
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may be electrically connected to the source electrode
323A. Referring to FIG. 3a, the reflective layer 342A may
be formed on the over-coating layer 335A and a contact
hole may be formed in the over-coating layer 335A so as
to electrically connect the transparent conductive layer
343A and the source electrode 323A. Although for con-
venience of explanation, FIG. 3aillustrates that the trans-
parent conductive layer 343A is electrically connected to
the source electrode 323A, the reflective layer 342A may
be electrically connected to the source electrode 323A
viathe contact hole formed in the over-coating layer 335A
and the transparent conductive layer 343A may be
formed on the reflective layer 342A to be electrically con-
nected to the source electrode 323A via the reflective
layer 342A.

[0130] The anodes 341A are formed to be divided in
units of the sub pixel regions. In other words, the anode
341A formed in a red sub pixel region, the anode 341A
formed in a green sub pixel region, and the anode 341A
formed in a blue sub pixel region may individually and
electrically drive the corresponding sub pixel regions
through the thin film transistor.

[0131] Abanklayer 336A is formed on the over-coating
layer 335A and the anode 341A. The bank layer 336A
divides adjacent sub pixel regions and may be disposed
between adjacent sub pixel regions. Also, the bank layer
336A may be formed such that a portion of the anode
341Ais open. The bank layer 336A may be formed of an
organic insulating material, e.g., any one of polyimide,
photo acryl, and benzocyclobutene (BCB). The bank lay-
er 336A may be formed in a taper. When the bank layer
336A has a taper form, the bank layer 336A may be
formed using a positive type photoresist. The bank layer
336A may be formed to a thickness appropriate to divide
adjacent sub pixel regions.

[0132] The multi-layered emission layer structure
344Aincluding the first EL layer 344A1 and the second
EL layer 344A2 is formed on the anode 341A. In the EL
layer 344A, the first EL layer 344A1 is formed in the first
sub pixel region R and the second sub pixel region G of
the first substrate 310A, and the second EL layer 344A2
is formed in the first sub pixel region R, the second sub
pixel region G and the third sub pixel region B of the first
substrate 310A. Thus, in the EL layer 344A, the second
EL layer 344A2 is formed on the first anode 341A1 cor-
responding to the first sub pixel region R, the second
anode 341A2 corresponding to the second sub pixel re-
gion G, and the third anode 341A3 corresponding to the
third sub pixel region B, and the first EL layer 344A1 is
formed on the first anode 341A1 corresponding to the
first sub pixel region R and the second anode 341A2
corresponding to the second sub pixel region G. The first
EL layer 344A1 is formed on the second EL layer 344A2.
Thatis, the second EL layer 344A2 is formed on a surface
of the first anode 341A1, a surface of the second anode
341A2, and a surface of the third anode 341A3, and the
first EL layer 344A1 is formed on a surface of the second
EL layer 344A2 corresponding to the first and second
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anodes 341A1 and 341A2.

[0133] Lights emitted from the respective first and sec-
ond EL layers 344A1 and 344A2 are different and are
mixed to form white light. Specifically, the second EL lay-
er 344A2 may be a blue emission layer that emits blue
light, and the first EL layer 344A1 may be a multi-layered
emission layer structure 344A that emits various other
color lights that are mixed with the blue light to form white
light. The first EL layer 344A1 and the second EL layer
344A2 are substantially the same as the first multi-lay-
ered emission layer structure 244A1 and the second mul-
ti-layered emission layer structure 244A2 described
above with reference to FIG. 2a, and are thus not redun-
dantly described here.

[0134] ThesecondEL layer 344A2 is formed to a thick-
ness appropriate to form a micro-cavity in the third sub
pixel region B. The micro-cavity means that light having
a particular wavelength is amplified by constructive in-
terference when lights are repeatedly reflected between
two layers spaced by an optical length from each other.
The micro-cavity may also be referred to as a fine cavity
effector afine resonance effect. To form the micro-cavity,
a resonance distance should be set in units of wave-
lengths of lights emitted from the respective sub pixel
regions. The resonance distance is set to a multiple of a
half-wavelength of light emitted. As described above,
when a resonance distance is set with respect to light
with a particular wavelength, the amplitudes of lights hav-
ing the particular wavelength among lights emitted in-
crease to be discharged to the outside due to constructive
interference as these lights are repeatedly reflected be-
tween the anode 341A and the cathode 345A, thereby
improving luminance.

[0135] In contrast, as the other lights not having the
particular wavelength among the emitted lights are re-
peatedly reflected between the anode 341A and the cath-
ode 345A, the amplitudes of the lights not having the
particular wavelength decrease due to destructive inter-
ference. Thus, in order to form the micro-cavity in the
third sub pixel region B, the distance between the anode
341A and the cathode 345A in the third sub pixel region
B should be adjusted. Specifically, the distance between
the anode 341A and the cathode 345A in the third sub
pixel region B should be equal to a multiple of a half-
wavelength of blue visible light. In the organic light emit-
ting display device 300A according to the present inven-
tion, the thickness of the second EL layer 344A2 disposed
between the anode 341A and the cathode 345A is set to
a multiple of the half-wavelength of blue visible light,
thereby forming the micro-cavity in the third sub pixel
region B.

[0136] The cathode 345A is formed on the EL layer
344A. Since the cathode 345A should supply electrons,
the cathode 345A is formed of a material having high
electrical conductivity and a low work function, i.e., ama-
terial of a cathode. Specifically, a material of the cathode
345A may depend on the light-emitting manner of the
organic light emitting display device 300A. When the or-
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ganic light emitting display device 300A is a top emission
type organic light emitting display device as illustrated in
FIG. 3a, the cathode 345A may be formed of a very thin
metal material having a low work function. For example,
when the cathode 345A is formed of a metal material
having a low work function, the cathode 345A may be
obtained by forming a metal material such as silver (Ag),
titanium (Ti), aluminum (Al), molybdenum (Mo), or an al-
loy of silver (Ag) and magnesium (Mg) to a thickness of
several hundreds of A or less, e.g., 200 A or less. In this
case, the cathode 345A becomes a substantial semi-
transmissive layer to be substantially used as a trans-
parent cathode.

[0137] Even if a material of the cathode 345A is a non-
transparent material having high reflectivity, when the
cathode 345A becomes thinner to a predetermined thick-
ness or less, e.g., 200 A of less, the transparency of the
cathode 345A gradually increases. The cathode 345A
having such a thickness may be referred to as a substan-
tial transparent cathode. Also, a carbon nano tube and
graphene to which much attention has been paid as new
materials may also be used as a material of the cathode
345A.

[0138] The encapsulating unit 360A formed as a seal-
ing member for covering the organic light emitting ele-
ment 340A is formed on the organic light emitting element
340A including the cathode 345A. The encapsulating unit
360A may protect internal elements of the organic light
emitting display device 300A, such as the thin film tran-
sistor 320A and the organic light emitting element 340A,
against external moisture, air, shocks, etc.

[0139] The structure of the encapsulating unit 360A
may depend on a method of sealing the internal elements
of the organic light emitting display device 300A such as
the thin film transistor 320A and the organic light emitting
element 340A. Examples of the method of sealing the
organic light emitting display device 300A include metal
can encapsulation, glass can encapsulation, thin film en-
capsulation (TFE), face sealing, etc.

[0140] The second substrate 315A is a substrate con-
figured to support and to protect various elements of the
organic light emitting display device 300A, and is dis-
posed opposite the first substrate 310A. The color filter
390A is formed on the second substrate 315A. The color
filter 390A includes a first color filter 391A formed in the
first sub pixel region R, and a second color filter 392A
formed in the second sub pixel region G. The first color
filter 391A is a red color filter formed in the first sub pixel
region R that is a red sub pixel region, and the second
colorfilter 392A is a green color filter formed in the second
sub pixel region G that is a green sub pixel region. Thus,
white light passing through the first sub pixel region R
and the second sub pixel region G among white lights
emitted from the multi-layered emission layer structure
344Athat emits white light passes through the color filter
390A. In detail, white light passing through the first color
filter 391A is transformed into red light, and white light
passing through the second color filter 392A is trans-
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formed into green light.

[0141] The colorfilter 390A is not formed on the second
substrate 315A corresponding to the third sub pixel re-
gion B. However, a portion of the multi-layered emission
layer structure 344Aformed in the third sub pixel region
B is the second EL layer 344A2 corresponding to a blue
emission layer. Thus, even if the color filter 390A is not
formed in the third sub pixel region B, blue light may be
emitted from the third sub pixel region B. In some em-
bodiments, a transparent resin layer having the same
thickness as the color filter 390A may be formed on the
second substrate 315A corresponding to the third sub
pixel region B.

[0142] FIG. 3d is a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 300B according to an exemplary embod-
iment of the present invention. Elements illustrated in
FIG. 3b are substantially the same as those in FIG. 3a
when numbers assigned thereto (except for alphabets)
are the same and are thus not redundantly described
here. FIG. 3b illustrates that the organic light emitting
display device 300B is a bottom emission type organic
light emitting display device.

[0143] When the organic light emitting display device
300B is a bottom emission type organic light emitting
display device, an anode 341B may be formed of trans-
parent conductive material having a high work function,
e.g., indium tin oxide (ITO), indium zinc oxide (1ZO), in-
dium-tin-zinc oxide (ITZO), zinc oxide, or tin oxide.
[0144] When the organic light emitting display device
300B is a bottom emission type organic light emitting
display device, a cathode 345B may be formed of a con-
ductive material having a low work function and high re-
flectivity, e.g., a metal material such as silver (Ag), tita-
nium (Ti), aluminum (Al), molybdenum (Mo), or an alloy
of silver (Ag) and magnesium(Mg).

[0145] When the organic light emitting display device
300B is a bottom emission type organic light emitting
display device, a color filter 390B may be formed between
a first substrate 310B and an organic light emitting ele-
ment 340B. Although FIG. 3b illustrates that the color
filter 390B is formed on the passivation film 334B, the
color filter 390B may be formed in an arbitrary space
between the first substrate 310B and the organic light
emitting element 340B. For example, the color filter 390B
may be formed on the interlayer insulating film 333B or
the first substrate 310B.

[0146] FIG. 3c is a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 300C according to an exemplary embod-
iment of the present invention. Elements illustrated in
FIG. 3c are substantially the same as those in FIG. 3a
when numbers assigned thereto (except for alphabets)
are the same and are thus not redundantly described
here.

[0147] Acolorfilter 390C formed on a second substrate
315C includes a third color filter 393C. Specifically, the
third color filter 393C serving as a blue color filter is
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formed in a third sub pixel region B that is a blue sub
pixel region.

[0148] As described above, since a second EL layer
344C2 is formed in the third sub pixel region B, which is
a blue sub pixel region, blue light is emitted from the EL
layer 344C in the third sub pixel region B that is a blue
sub pixel region. Thus, blue light may be transmitted in
the third sub pixel region B even if an additional color
filter is disposed. In the third sub pixel region B, which is
a blue sub pixel region, the EL layer 344C emits blue
light. Luminance efficiency is hardly degraded when the
blue light passes through the third color filter 393C which
is a blue color filter. Thus, even if the third color filter
393C is disposed in the third sub pixel region B, not only
the luminance efficiency is hardly degraded but also a
contrast ratio may be improved in the third sub pixel re-
gion B which is a blue sub pixel region.

[0149] FIG. 3d is a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 300D according to an exemplary embod-
iment of the present invention. Elements illustrated in
FIG. 3d are substantially the same as those in FIG. 3b
when numbers assigned thereto (except for alphabets)
are the same and are thus not redundantly described
here.

[0150] A color filter 390D formed between a first sub-
strate 310D and an organic light emitting element 340D
includes a third color filter 393D. In detail, the third color
filter 393D serving as a blue color filter is formed in a third
sub pixel region B which is a blue sub pixel region. Thus,
white light passing through the third sub pixel region B
among white lights emitted from an EL layer 344D that
emits white light passes through the third color filter 393D
and is then transformed into blue light.

[0151] As described above, since only a second EL
layer 344D2 is formed in the third sub pixel region B which
is a blue sub pixel region, blue light is emitted from the
EL layer 344D in the third sub pixel region B which is a
blue sub pixel region. Thus, blue color may be represent-
ed in the third sub pixel region B even when an additional
color filter is installed. The EL layer 344D emits blue light
in the third sub pixel region B that is a blue sub pixel
region. Since luminance efficiency is hardly degraded
when the blue light passes through the third color filter
393D which is a blue filter, not only the luminance effi-
ciency is hardly degraded even when the third color filter
393D is disposed in the third sub pixel region B but also
a contrast ratio may be improved in the second area Y
including the third sub pixel region B.

[0152] FIG. 3e is a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 300E according to an exemplary embod-
iment of the present invention. Elements illustrated in
FIG. 3e are substantially the same as those in FIG. 3a
when numbers assigned thereto (except for alphabets)
are the same and are thus not redundantly described
here.

[0153] An EL layer 344E including a first EL layer
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344E1 and a second EL layer 344E2 is formed on an
anode 341E.Inthe EL layer 344E, the first EL layer 344E1
is formed in the first sub pixel region R and the second
sub pixel region G of a first substrate 310E and the sec-
ond EL layer 344E2 is formed in t the first sub pixel region
R, the second sub pixel region G and the third sub pixel
region B of the first substrate 310E. Thus, in the EL layer
344E, the first EL layer 344E1 is formed on a first anode
341E1 corresponding to the first sub pixel region R and
the second anode 341E2 corresponding to the second
sub pixel region G, and the second EL layer 344E2 is
formed on the first EL layer 344E1 corresponding to the
first sub pixel region R and the second sub pixel region
G and a third anode 341E3 corresponding to the third
sub pixel region B. A process of forming the first and
second EL layers 344E1 and 344E2 according to a man-
ner of stacking the first and second EL layers 344E1 and
344E2 will be described below.

[0154] Lights emitted from the respective first and sec-
ond EL layers 344E1 and 344E2 are different and are
mixed to form white light. Specifically, the second EL lay-
er 344E2 may be a blue emission layer that emits blue
light, and the first EL layer 344E1 may be EL layer that
emits other various color lights that are mixed with the
blue light to form white light. The first and second EL
layers 344E1 and 344E2 are substantially the same as
the first and second EL layers 244A1 and 244A2 of FIG.
2a and are thus not redundantly described here.

[0155] FIG. 3fis a pictorial representation (through a
cross sectional view) depicting an organic light emitting
display device 300F according to an exemplary embod-
iment of the present invention. Elements illustrated in
FIG. 3f are substantially the same as those in FIG. 3a
when numbers assigned thereto (except for alphabets)
are the same and are thus not redundantly described
here.

[0156] The organic light emitting display device 300F
may include pixel regions. Each of the pixel regions is a
region for representing one color and may include a plu-
rality of sub pixel regions. For example, each of the plu-
rality of pixel regions may include a first sub pixel region
R, a second sub pixel region G, a third sub pixel region
B, and a fourth sub pixel region W. Here, it is defined that
the first sub pixel region R is a red sub pixel region, the
second sub pixel region G is a green sub pixel region,
the third sub pixel region B is a blue sub pixel region, and
the fourth sub pixel region W is a white sub pixel region
configured to reduce power consumption and improve
brightness.

[0157] An anode 341F is formed in the fourth sub pixel
region W of the first substrate 310F. An EL layer 344F
including a first EL layer 344F1 and a second EL layer
344F2 is formed on the anode 341F. A cathode 345F is
formed on the EL layer 344F. Since both the first EL layer
344F1 and the second EL layer 344F2 are formed in the
fourth sub pixel region W, lights emitted from the respec-
tive first and second EL layers 344F1 and 344F2 are
mixed to emit white light in the fourth sub pixel region W.
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[0158] Since the fourth sub pixel region W is a white
sub pixel region, a color filter 390F is not formed on a
second substrate 315F corresponding to the fourth sub
pixel region W. However, the present invention is not
limited thereto and a transparent resin layer having the
same thickness as the color filter 390F may be disposed
on a location on the second substrate 315F correspond-
ing to the third sub pixel region B.

[0159] FIGS. 4a and 4b are conceptual diagrams illus-
trating organic light emitting display devices 400A and
400B according to various exemplary embodiments of
the present invention.

[0160] First, referring to FIG. 4a, the organic light emit-
ting display device 400A includes a first substrate 410A
and an organic light emitting element 440A. The first sub-
strate 410A is substantially the same as the first substrate
310A of FIG. 3a and is not redundantly described here.
[0161] Thefirstsubstrate 410Aincludes afirstsub pixel
region R which is red sub pixel region, a second sub pixel
region G which is a green sub pixel region, and a third
sub pixel region B which is a blue sub pixel region. The
organic light emitting element 440A includes a first or-
ganic light emitting element 440A1 and a second organic
light emitting element 440A2. The first organic light emit-
ting element 440A1 is formed in the first sub pixel region
R, which is a red sub pixel region and the second sub
pixel region G, which is a green sub pixel region, and
emits white light. The second organic light emitting ele-
ment 440A2 is formed in the third sub pixel region B,
which is a blue sub pixel region, and emits blue light.
[0162] Next, referring to FIG. 4b, the organic light emit-
ting display device 400B includes a first substrate 410B
and an organic light emitting element 440B. The first sub-
strate 410B is substantially the same as the first substrate
310A of FIG. 3a and is thus not redundantly described
here.

[0163] Thefirstsubstrate 410Bincludes afirstsub pixel
region R which is red sub pixel region, a second sub pixel
region G which is a green sub pixel region, a third sub
pixel region B which is a blue sub pixel region, and a
fourth sub pixel region W which is a white sub pixel region.
The organic light emitting element 440B includes a first
organic light emitting element 440A1 and a second or-
ganic light emitting element 440A2. The first organic light
emitting element 440A1 is formed in the first sub pixel
region R, which is red sub pixel region, the second sub
pixel region G that is a green sub pixel region, and the
fourth sub pixel region W that is a white sub pixel region,
and emits white light. The second organic light emitting
element 440A2 is formed in the third sub pixel region B,
which is a blue sub pixel region, and emits blue light.
[0164] The first organic light emitting elements 440A1
and 440B1 and the second organic light emitting ele-
ments 440A2 and 440B2 will be described in greater de-
tail with reference to FIGS. 4b and 4c below.

[0165] FIG. 4c is a conceptual diagram illustrating an
organic light emitting display devices 400C according to
another exemplary embodiments of the present inven-
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tion.

[0166] A first organic light emitting element is a portion
of an organic light emitting element 440C formed in a first
sub pixel region R which is a red sub pixel region, a sec-
ond sub pixel region G which is a green sub pixel region,
and a fourth sub pixel region W which is a white sub pixel
region. The first organic light emitting element includes
an anode 441C, an EL layer 444C, and a cathode 445C.
The EL layer 444C includes a first EL layer 444C1 and
a second EL layer 444C2. The second EL layer 444C2
may be an emission layer that emits blue light, and the
first EL layer 444C1 may be an emission layer that emits
other various color lights that are mixed with the blue light
to emit white light. The first EL layer 444C1 and the sec-
ond EL layer 444C2 are substantially the same as the
first EL layer 244C1 and the second EL layer 244C2 of
FIG. 2a, and are thus not redundantly described here.
Since FIG. 4c illustrates that the organic light emitting
display device 400C is a top emission type organic light
emitting display device, the anode 441C includes a trans-
parent conductive layer 443C and areflective layer 442C.
[0167] A second organiclightemitting elementis a por-
tion of the organic light emitting element 440C formed in
a third sub pixel region B, which is a blue sub pixel region.
The second organic light emitting element includes the
anode 441C, the EL layer 444C, and the cathode 445C,
and the EL layer 444C includes the second EL layer
444C2. The second EL layer 444C2 is an emission layer
that emits blue light. Since FIG. 4c illustrates that the
organic light emitting display device 400C is a top emis-
sion type organic light emitting display device, the anode
441C includes a transparent conductive layer 443C and
a reflective layer 442C.

[0168] Theanodes441C,the second EL layers 444C2,
and the cathodes 445C of the respective firstand second
organic light emitting elements may be simultaneously
formed in the same process. Specifically, the anodes
441C of the first and second organic light emitting ele-
ments may be simultaneously formed of the same ma-
terial and to the same thickness in the same process.
The second EL layers 444C2 of the first and second or-
ganic light emitting elements may be simultaneously
formed of the same material and to the same thickness
in the same process. The cathodes 445C of the first and
second organic light emitting elements may be simulta-
neously formed of the same material and to the same
thickness in the same process.

[0169] Although for convenience of explanation, the or-
ganic light emitting display devices 400C of FIG. 4c has
been described relating to the organic light emitting dis-
play device 400B of FIG. 4b, the organic light emitting
display devices 400C is substantially the same as the
organic light emitting display device 400A of FIG. 4a ex-
cept for the fourth sub pixel region W.

[0170] FIG. 4d is a conceptual diagram illustrating an
organic light emitting display device 400D according to
another exemplary embodiment of the present invention.
Elements illustrated in FIG. 4d are substantially the same

10

15

20

25

30

35

40

45

50

55

20

as those in FIG. 4a when numbers assigned thereto (ex-
cept for alphabets) are the same and are thus not redun-
dantly described here.

[0171] Referringto FIG. 4d, a color filter 490D including
a first color filter 491D and a second color filter 492D is
formed on a second substrate 415D corresponding to a
first sub pixel region R which is a red sub pixel region
and a second sub pixel region G which is a green sub
pixel region. The first color filter 491D corresponds to the
first sub pixel region R that is a red sub pixel region, and
the second color filter 492D corresponds to the second
sub pixel region G that is a green sub pixel region. Thus,
white light emitted from the first organic light emitting el-
ement 440D1 passes through the first color filter 491D
and is thentransformed into red light, and passes through
the second color filter 492D and is then transformed into
green light. The color filter 490D and the second sub-
strate 415D are substantially the same as the color filter
390A and the second substrate 315A of FIG. 3a and are
thus not redundantly described here.

[0172] FIG. 5 is a flowchart illustrating a method of
manufacturing an organic light emitting display device
according to an exemplary embodiment of the present
invention. FIGS. 6a and 6b are cross-sectional views se-
quentially illustrating a method of manufacturing an or-
ganic light emitting display device according to an exem-
plary embodiment of the present invention.

[0173] Referring to FIG. 5, first, a plurality of anodes
is formed on a substrate so that each of the anodes is
individually addressable. Then, afirst electroluminescent
(EL) layer and a second electroluminescent (EL) layer
are formed on the anodes such that at least a part of the
first EL layer and the second EL layer are overlapped at
thefirstarea (e.g., an area for emitting substantially white
light) of the display device. Here, at least one of the first
EL layer or the second EL layer should be formed such
that it is extended out to a second area (e.g., an area for
emitting constituent colored light of the EL layer) without
being overlapped with the other EL layer. A cathode is
formed on both the first area and the second area so that
the first EL layer and the second EL layer are interposed
between the plurality of anodes and the cathode. Then,
one or more of color filter elements are arranged to filter
the light emitted from the first area.

[0174] In this setting, the EL layer being extended out
to the second area may emit its own colored light without
being filtered by a color filter element while the stack of
the first and second EL layers in the first area emits sub-
stantially white light, which is to be filtered by one or more
of the color filter elements to generate colored light cor-
responding to the color filter element.

[0175] When forming the first and second EL layers,
one of the first and second EL layers, which is to be ex-
tended outinto the second area may be formed first. Then
aphotoresistmay be formed on the EL layer in the second
area. The photoresist in the second area is then devel-
oped. Following the development of the photoresist, the
other EL layer that is to be left in the first area (i.e., com-
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plementary EL layer) is formed in the first and second
areas. When the photoresist formed in the second area
is stripped, the complementary EL layer formed in the
second area is also stripped, thereby forming a multi-
layered emission layer structure having the first area for
emitting white light and the second area for emitting color-
ed light of the EL layer. In some embodiments of the
method, the photoresist developing solution and/or the
photoresist stripper used in the process of forming the
multi-layered emission layer structure contain fluorine,
which may reduce the damage to the EL layers during
the formation of the multi-layered emission layer struc-
ture.

[0176] As an alternative way of forming the multi-lay-
ered emission layer structure, one of the first and second
EL layers can be formed in the first area, and the other
EL layer can be formed on the EL layer in both the first
and second areas. This method also results in a multi-
layered emission layer structure with a stack of the first
and second EL layers disposed in the first area for emit-
ting the substantially white light and one of the first and
second EL layers being extended into the second area
for emitting colored light of the EL layer in the second
area.

[0177] In one embodiment, the EL layer being extend-
ed out into the second area is an EL layer configured to
emit substantially blue light, and the other EL layer, which
is contained within the first area, is an EL layer configured
to emit light having a color complementary to the blue
light from the other EL layer. Accordingly, these two EL
layers overlap at the first area and collectively emit sub-
stantially white light. In this embodiment, the plurality of
color filter elements comprises a red color filter element
and a green color filter element that are configured to
filter the white light to generate red and green light, re-
spectively. In other embodiments, the EL layer being ex-
tended out into the second area may be configured to
emit substantially red or substantially green colored light,
and the other EL layer being contained within the first
area may be configured to emit light that is complemen-
tary to the red or green colored light. As such, the display
device having a multi-layered emission layer structure
with improved luminance, color accuracy, power con-
sumption as well as the longer life span can be provided.
[0178] Theformingofthe first EL layerin the firstregion
of the substrate and the forming of the second EL layer
in the second region of the substrate will be described in
more detail with reference to FIGS. 6a to 6b.

[0179] Asdepicted in FIG. 6a, a firstanode 641A1 and
a second anode 641A2 are formed in a first sub pixel
region R and a second sub pixel region G corresponding
to a first region of a substrate 610A, respectively, and a
third anode 641A3 is formed in a third sub pixel region B
corresponding to a second region of the substrate 610A.
[0180] Next, a second EL layer 644A2 is formed on a
first anode 641A1, a second anode 641A2, and a third
anode 641A3. The forming of the second EL layer 644A2
includes forming a blue emission layer.
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[0181] Next, a first EL layer 644A1 is formed on the
second EL layer 644A2. The forming of the first EL layer
644A1 includes forming an EL layer 644A that emits var-
ious color lights that are mixed with blue light to form
white light. The first EL layer 644A1 is substantially the
same as the first multi-layered emission layer structure
244A1 of FIG. 2a and is thus not redundantly described
here.

[0182] The forming of the first EL layer 644A1 may in-
clude forming the first EL layer 644A1 using photolitho-
graphic process. When the photolithographic process is
used, first, a photoresist is formed on the second EL layer
644A2 corresponding to the third sub pixel region B. The
forming of the photoresist 670A may include applying a
photoresist on the entire second EL layer 644A2, and
performing exposure and development on the photore-
sist to form the photoresist 670A on the second EL layer
644A2 corresponding to the third sub pixel region B. In
this case, since the second EL layer 644A2 is formed
below the photoresist 670A, the second EL layer 644A2
may be damaged during the exposure and development
of the photoresist 670A. In the method of manufacturing
an organic light emitting display device according to an
exemplary embodiment of the presentinvention, the pho-
toresist 670A, a developing solution, and a stripper may
be formed of a material containing fluorine to minimize
damage to the EL layer 644A when the photoresist 670A
is developed and removed.

[0183] In some embodiments, before the photoresist
670A is formed, a protective layer may be formed on the
second EL layer 644A2 to protect the second EL layer
644A2 during the photolithographic process. A charge
generation layer may be used as the protective layer. By
forming the charge generation layer on the second EL
layer 644A2, damage to the EL layer 644 A that may occur
during the photolithography may be minimized.

[0184] Then, a first EL layer 644A1 is formed on the
second EL layer 644A2 on which the photoresist 670A
is formed. Since the first EL layer 644A1 is formed by
depositing an organic light emitting material 649A and
the photoresist670A is formed in the third sub pixel region
B, the organic light emitting material 649A is formed on
the second EL layer 644A2 in the first sub pixel region R
and in the second sub pixel region G and on the photore-
sist 670A and in the third sub pixel region B.

[0185] Then, referring to FIG. 6b, the photoresist 670A
is removed from the third sub pixel region B. When the
photoresist 670A is removed, the organic light emitting
material 649A formed on the photoresist 670A is also
removed. As described above, the photoresist 670A may
be formed of a material containing fluorine, and a devel-
oping solution and a stripper may also be formed of a
material containing fluorine. By using the developing so-
lution and the stripper that contain fluorine, damage to
the EL layer 644A may be minimized during the devel-
oping and removing of the photoresist 670A.

[0186] FIGS. 7a to 7c are cross-sectional views se-
quentially illustrating a method of manufacturing an or-
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ganic light emitting display device according to another
exemplary embodiment of the present invention.

[0187] First, referring to FIG. 7a, a first anode 741A1
and a second anode 741A2 are formed in a first sub pixel
region R and a second sub pixel region G corresponding
to a first region of a substrate 710A, respectively, and a
third anode 741A3 is formed in a third sub pixel region B
corresponding to a second region of the substrate 710A.
[0188] A first EL layer 744A1 is formed on the first an-
ode 741A1 and the second anode 741A2. The forming
of the first EL layer 744A1 includes forming an EL layer
744A that emits various color lights that are mixed with
blue light to form white light. The first EL layer 744A1 is
substantially the same as the first multi-layered emission
layer structure 244A1 of FIG. 2a and is thus not redun-
dantly described here.

[0189] The forming of the first EL layer 744A1 may in-
clude forming the first EL layer 744A1 according to the
photolithographic process. When the photolithographic
process is used, first, a photoresist 770A is formed on
the third anode 741A3 corresponding to the third sub
pixel region B. The forming of the photoresist 770A may
include applying a photoresist on the entire third anode
741A3 and performing exposure and development on
the photoresist to form the photoresist 770A on the sec-
ond EL layer 744A2 corresponding to the third sub pixel
region B.

[0190] Next, a first EL layer 744A1 is formed on an
anode 741A on which the photoresist 770A is formed.
The first EL layer 744A1 is formed by depositing an or-
ganic light emitting material 749A. Since the photoresist
770Ais formed in the third sub pixel region B, the organic
light emitting material 749A is formed on the anode 741A
in the first sub pixel region R and the second sub pixel
region G and on the photoresist 770A in the third sub
pixel region B.

[0191] Next, referring to FIG. 7b, the photoresist 770A
is removed from the third sub pixel region B. When the
photoresist 770A is removed, the organic light emitting
material 749A formed on the photoresist 770A is also
removed. The photoresist 770A may be formed of a ma-
terial containing fluorine, and a developing solution and
a stripper may also be formed a material containing flu-
orine. By using the developing solution and the stripper
that contain fluorine, damage to the EL layer 744A may
be minimized during the developing and removing of the
photoresist 770A.

[0192] Then, referring to FIG. 7c, a second EL layer
744A2 is formed on the first EL layer 744A1 and the third
anode 741A3.

[0193] FIGS. 8a to 8c are cross-sectional views se-
quentially illustrating a method of manufacturing an or-
ganic light emitting display device according to another
exemplary embodiment of the present invention.

[0194] First, referring to FIG. 8a, a first anode 841A1
and a second anode 841A2 are formed in a first sub pixel
region R and a second sub pixel region G corresponding
to a first region of a substrate 810A, respectively, and a
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third anode 841A3 is formed in a third sub pixel region B
corresponding to a second region of the substrate 810A.
[0195] Next, a first EL layer 844A1 is formed on the
firstanode 841A1 and second anode 841A2. The forming
of the first EL layer 844A1 includes forming an EL layer
844A that emits various color lights that are mixed with
blue light to form white light. The first EL layer 844A1 is
substantially the same as the first multi-layered emission
layer structure 244A1 of FIG. 2a and is thus not redun-
dantly described here.

[0196] The forming of the first EL layer 844A1 may in-
clude forming the first EL layer 844A1 using laserinduced
thermal imaging (LITI). Specifically, referring to FIG. 8a,
in order to form the first EL layer 844A1 using LITI, a
base substrate 850A on which a photoelectric conversion
layer 851A and an organic light emitting material 849A
which is to be transferred are formed is disposed on the
first substrate 810A on which an anode 841A is formed.
[0197] Then, when a laser beam is irradiated onto the
first sub pixel region R which is a red sub pixel region
and the second sub pixel region G which is a green sub
pixel region, photoelectric conversion occurs in the irra-
diated regions to weaken adhesion between the photo-
electric conversion layer 851A and the organic light emit-
ting material 849A and to transfer the organic light emit-
ting material 849A to the first substrate 810A. As a result,
asillustrated in FIG. 8b, the first EL layer 844A1 is formed
in the first sub pixel region R and the second sub pixel
region G.

[0198] Then, referring to FIG. 8c, a second EL layer
844A2 is formed on the first EL layer 844A1 and the third
anode 841A3.

[0199] According to the one or more embodiments of
the present invention, the following effects may be de-
rived.

[0200] With a novel organic light emitting element, or-
ganic light emitting display device, and method of man-
ufacturing the organic light emitting display device ac-
cording to the present invention, the efficiency of the or-
ganic light emitting element may be improved to increase
the lifespan thereof and reduce power consumption
therein.

[0201] Also, according to the presentinvention, the ef-
ficiency of blue light may be improved using an organic
light emitting element that employs a blue emission layer
with an improved structure.

[0202] Hereinafter, various characteristics of the dis-
play device of the present invention will be described.
[0203] According to another characteristic of the
present invention, the blue EL layer is disposed in the
plurality of pixels, and wherein the complementary EL
layer is disposed in the plurality of pixels excluding the
blue pixel.

[0204] According to still another characteristic of the
present invention, the blue EL layer is disposed on the
complementary EL layer in the red and green pixels.
[0205] According to still another characteristic of the
present invention, the complementary EL layer is dis-
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posed on the blue complementary EL layerin the red and
green pixels.

[0206] According to still another characteristic of the
present invention, herein each of the plurality of pixels
includes an individually addressable anode.

[0207] According to still another characteristic of the
present invention, the display device further comprises
a charge generation layer interposed between the blue
EL layer and the complementary light EL layer.

[0208] According to still another characteristic of the
present invention, the complementary EL layer includes
a host doped with a red dopant and a green dopant.
[0209] According to still another characteristic of the
present invention, the complementary EL layer compris-
es a stack of a red EL layer and a green EL layer.
[0210] According to still another characteristic of the
present invention, the complementary EL layer compris-
es a stack of an EL layer doped with a red phosphor
dopant and an EL layer doped with a yellow phosphor
dopant, and wherein the blue light EL layer comprises
an EL layer doped with a blue fluorescent dopant.
[0211] According to still another characteristic of the
present invention, the plurality of pixels includes a white
pixel configured to transmit the white light from the multi-
layered emission layer structure.

[0212] According to still another characteristic of the
present invention, the display device further comprises
a blue color filter element configured to filter the blue light
emitted from the blue EL layer to adjust the blue light,
wherein the blue pixel is configured to transmit the blue
light from the blue EL layer filtered by the blue color filter
element.

[0213] Hereinafter, various characteristics of the white
organic light emitting diode (OLED) device of the present
invention will be described.

[0214] According to another characteristic of the
present invention, the blue EL layer is disposed on at
least one anode in the first area and at least one anode
inthe second area of the white OLED device,and wherein
the complementary EL layer is disposed on at least one
anode excluding the anode disposed in the second area.
[0215] According to still another characteristic of the
present invention, the substantially blue light from the
blue EL layer of the second area is substantially unaf-
fected by the complementary EL layer.

[0216] According to still another characteristic of the
presentinvention, the light emitted from the first and sec-
ond areas of the white OLED device exits the white OLED
device through the anodes.

[0217] According to still another characteristic of the
presentinvention, the light emitted from the first and sec-
ond areas of the white OLED device exits the white OLED
device through the cathode.

[0218] According to still another characteristic of the
present invention, at least some portion of the blue EL
layer and at least some portion of the complementary EL
layer are overlapped in the first area of the display device.
[0219] According to still another characteristic of the
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present invention, the complementary EL layer covers
the blue EL layer disposed in the first area of the white
OLED device.

[0220] According to still another characteristic of the
present invention, the blue EL layer covers the comple-
mentary EL layer disposed in the first area of the white
OLED device.

[0221] According to still another characteristic of the
present invention, the at least one color filter element
includes a red color filter element and a green color filter
element configured to filter the light emitted from the first
areato transmit red and green colored light, respectively.
[0222] According to still another characteristic of the
present invention, the white OLED device comprises a
white pixel, a red pixel, and a green pixel configured to
transmit light emitted from the first area of the display
device, and a blue sub pixel configured to transmit light
emitted from the second area, wherein the white sub pixel
transmits the light emitted from the firstarea withoutbeing
filtered by the at least one color filter element, wherein
the red sub pixel transmits the light emitted from the first
area of the display device that is filtered through a red
color filter element, wherein the green sub pixel transmits
the light emitted from the first area of the display device
that is filtered through a green color filter element, and
wherein the blue sub pixel transmits the light from the
second area of the display device without being filtered
through.

[0223] Hereinafter, various characteristics of the meth-
od of manufacturing a display device of the present in-
vention will be described.

[0224] According to another characteristic of the
present invention, forming one or more color filter ele-
ments includes forming a red color filter element and a
green color filter element in the first area of the display
device.

[0225] According to still another characteristic of the
presentinvention, forming both the blue and complemen-
tary EL layers comprises forming the complementary EL
layer in the first area, forming the blue EL layer in the first
and second areas, wherein the blue EL layer in the first
area is formed on the complementary EL layer in the first
area.

[0226] According to still another characteristic of the
presentinvention, forming both the blue and complemen-
tary EL layers comprises forming the blue EL layer in
both the first area and the second area, forming a pho-
toresist over the second area, forming the complemen-
tary EL layer over the blue EL layer and the photoresist,
and stripping the photoresist.

[0227] According to still another characteristic of the
present invention, the photoresist is developed using a
developing solution containing fluorine.

[0228] According to still another characteristic of the
present invention, the photoresist is stripped using a
stripper containing fluorine.

[0229] According to still another characteristic of the
present invention, forming the complementary EL layer
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comprises depositing an EL layer having a host doped
with a red dopant and a green dopant.

[0230] According to still another characteristic of the
present invention, forming the complementary EL layer
comprises depositing a stacked structure having a yellow
EL layer and a green EL layer.

[0231] According to still another characteristic of the
present invention, forming the complementary EL layer
comprises depositing a stacked structure having a red
EL layer and a green EL layer.

[0232] According to still another characteristic of the
present invention, forming the blue EL layer comprises
depositing an EL layer doped with a blue fluorescent do-
pant, and wherein forming the complementary EL layer
comprises depositing a stacked structure ofared EL lay-
er doped with a red phosphor dopant and a yellow EL
layer doped with a yellow phosphor dopant.

[0233] According to still another characteristic of the
present invention, forming the blue EL layer comprises
depositing an EL layer doped with a blue fluorescent do-
pant, and wherein forming the complementary EL layer
comprises depositing a stacked structure of a green EL
layer doped with a green phosphor dopant and a yellow
EL layer doped with a yellow phosphor dopant.

[0234] The above-described effects according to the
present invention are not intended to limit the contents
used herein, and further effects may be encompassed in
this specification.

[0235] It will be apparent to those skilled in the art that
various modifications can be made to the above-de-
scribed exemplary embodiments of the present invention
without departing from the scope of the invention defined
in the appended claims.

Claims
1. A display device, comprising:

a substrate (210A);

a plurality of anodes (241A) on the substrate
(210A);

a multi-layered emission layer structure (244A)
on the plurality of anodes (241A) having a blue
electroluminescent (EL) layer (244A2) config-
ured to emit blue light and a complementary EL
layer (244A1) configured to emit light having a
color complementary to the blue light that col-
lectively form white light; a cathode (245A,
345A) on the electroluminescent layers;

a red color filter element (291A) on the multi-
layered emission layer structure (244A) config-
ured to filter the white light to generate red light;
a green color filter element (292A) on the multi-
layered emission layer structure (244A) config-
ured to filter the white light to generate green
light; and

a plurality of pixels (R, G, B) including a red pixel

10

15

20

25

30

35

40

45

50

55

24

(R) configured to transmit the red light from the
red color filter element (291A), a green pixel (G)
configured to transmit the green light from the
green color filter element (292A), and a blue pix-
el (B) configured to transmit the blue light emit-
ted from the blue EL layer (244A2),

wherein the blue EL layer (244A2) is disposed
in the plurality of pixels (R, G, B), and wherein
the complementary EL layer (244A1) is dis-
posed in the plurality of pixels (R, G, B) excluding
the blue pixel (B), characterized in that the
thickness of the blue electroluminescent layer
(344A2) disposed between the anode (341A)
and the cathode (345A) is a multiple of the half-
wavelength of blue visible light, thereby forming
the micro-cavity in the blue pixel (B).

The display device of claim 1, wherein the blue EL
layer (244A2) is disposed between the complemen-
tary EL layer (244A1) and the plurality of anodes
(241A) in the red and green pixels (R, G).

The display device of claim 1, wherein the comple-
mentary EL layer (244B1) is disposed between the
blue EL layer (244B2) and the plurality of anodes
(241B) in the red and green pixels (R, G).

The display device of claim 1, wherein the comple-
mentary EL layer (244A1) includes a host doped with
a red dopant and a green dopant.

The display device of claim 1, wherein the comple-
mentary EL layer (244A1) comprises a stack of ared
EL layer and a green EL layer.

The display device of claim 1, wherein the comple-
mentary EL layer (244A1) comprises a stack of an
EL layer doped with a red phosphor dopant and an
EL layer doped with a yellow phosphor dopant, and
wherein the blue light EL layer comprises an EL layer
doped with a blue fluorescent dopant.

The display device of claim 1, wherein the plurality
of pixels (R, G, B, W) includes a white pixel (W) con-
figured to transmit the white light from the multi-lay-
ered emission layer structure.

The display device of claim 1, further comprising a
blue color filter element (293C) configured to filter
the blue light emitted from the blue EL layer (244A2)
to adjust the blue light, wherein the blue pixel (B) is
configured to transmit the blue light from the blue EL
layer (244A2) filtered by the blue color filter element
(293C).

A method of manufacturing the display device of
claim 1, comprising:
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forming a substrate (210A); Patentanspriiche
forming a plurality of anodes (241A) on the sub-
strate (210A); 1. Anzeigevorrichtung aufweisend:

forming a multi-layered emission layer structure

is formed on the complementary EL layer in the
first area.

(244A) on the plurality of anodes (241A) having 5 ein Substrat (210A);
a complementary electroluminescent (EL) layer eine Vielzahl von Anoden (241A) auf dem Sub-
(244A1) and a blue EL layer (244A2), the com- strat (210A);
plementary EL layer (244A1) formed in a first eine mehrschichtige Emissionsschichtstruktur
area (R, G) of the display device, the blue EL (244A) auf der Vielzahl von Anoden (241A) mit
layer (244A2) formed in the firstarea (R, G)and 10 einer blauen elektrolumineszierenden (EL)
extending beyond the complementary EL layer Schicht (244A2), die zum Emittieren von blauem
(244A1) over a second area (B) of the display Licht konfiguriertist, und einer komplementaren
device; EL-Schicht (244A1), die zum Emittieren von
forming a cathode (245A) on the multi-layered Licht mit einer zum blauen Licht komplementa-
emission layer structure (244A) such that the 15 ren Farbe konfiguriertist, die zusammen weilRes
blue EL layer (244A2) and the complementary Licht bilden;
EL layer (244A1) are disposed between the an- eine Kathode (245A, 345A) auf den elektrolumi-
odes (241A1) and the cathode (245A); and neszierenden Schichten;
forming one or more color filter elements (244A) ein rotes Farbfilterelement (291A) auf der mehr-
on the cathode (245A) within at least a portion 20 schichtigen Emissionsschichtstruktur (244A),
of the first area (R, G) of the display device, das konfiguriert ist, das weile Licht zu filtern,
wherein the thickness of the blue electrolumi- um rotes Licht zu erzeugen;
nescent layer (344A2) disposed between the ein grunes Farbfilterelement (292A) auf der
anode (341A) and the cathode (345A) is a mul- mehrschichtigen Emissionsschichtstruktur
tiple of the half-wavelength of blue visible light, 25 (244A), das konfiguriert ist, das weilRe Licht zu
thereby forming the micro-cavity in the blue pixel filtern, um griines Licht zu erzeugen; und
(B). eine Vielzahl von Pixeln (R, G, B) enthaltend ein
rotes Pixel (R), das zum Ubertragen des roten
10. The method of claim 9, wherein forming both the blue Lichts von dem roten Farbfilterelement (291A)
and complementary EL layers comprises: 30 konfiguriert ist, ein griines Pixel (G), das zum
Ubertragen des griinen Lichts von dem griinen
forming the complementary EL layer in the first Farbfilterelement (292A) konfiguriert ist, und ein
area; blaues Pixel (B), das zum Ubertragen des blau-
forming the blue EL layer in the first and second en Lichts konfiguriert ist, das von der blauen EL-
areas, wherein the blue EL layer in the firstarea 35 Schicht (244A2) emittiert wird,

wobei die blaue EL-Schicht (244A2) in der Viel-
zahl von Pixeln (R, G, B) angeordnet ist, und
wobei die komplementare EL-Schicht (244A1)

11. The method of claim 9, wherein forming both the blue
and complementary EL layers (644A1, 644A2) com- 40
prises:

in der Vielzahl von Pixeln (R, G, B) mit Ausnah-
me des blauen Pixels (B) angeordnet ist, da-
durch gekennzeichnet, dass

forming the blue EL layer (644A2) in both the
first area (R, G) and the second area (B);

die Dicke der blauen elektrolumineszierenden
Schicht (344A2), die zwischen der Anode
(341A) und der Kathode (345A) angeordnet ist,

forming a photoresist (670A) over the second 45 ein Vielfaches der halben Wellenlange von blau-
area (B); em sichtbarem Licht ist, wodurch der Mikrohohl-
forming the complementary EL layer (644A1) raum in dem blauen Pixel (B) gebildet wird.
over the blue EL layer (644A2) and the photore-
sist (670A); and 2. Anzeigevorrichtung nach Anspruch 1, wobei die
stripping the photoresist (670A). 50 blaue EL-Schicht (244A2) zwischen der komple-
mentaren EL-Schicht (244A1) und der Vielzahl von
12. The method of claim 11, wherein the photoresist Anoden (241A) in dem roten und griinen Pixel (R,
(670A)is developed using a developing solution con- G) angeordnet ist.
taining fluorine.
55 3. Anzeigevorrichtung nach Anspruch 1, wobei die

13. The method of claim 11, wherein the photoresist
(670A) is stripped using a stripper containing fluo-
rine.

komplementare EL-Schicht (244B1) zwischen der
blauen EL-Schicht (244B2) und der Vielzahl von An-
oden (241B) in dem roten und griinen Pixel (R, G)

25
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angeordnet ist.

Anzeigevorrichtung nach Anspruch 1, wobei die
komplementare EL-Schicht (244A1) einen miteinem
roten Dotierstoff und einem griinen Dotierstoff do-
tierten Wirt enthalt.

Anzeigevorrichtung nach Anspruch 1, wobei die
komplementare EL-Schicht (244A1) einen Stapel
aus einer roten EL-Schicht und einer griinen EL-
Schicht aufweist.

Anzeigevorrichtung nach Anspruch 1, wobei die
komplementare EL-Schicht (244A1) einen Stapel
aus einer mit einem roten Phosphor-Dotierstoff do-
tierten EL-Schicht und einer mit einem gelben Phos-
phor-Dotierstoff dotierten EL-Schicht aufweist und
wobei die Blaulicht-EL-Schicht eine mit einem blau-
en fluoreszierenden Dotierstoff dotierte EL-Schicht
aufweist.

Anzeigevorrichtung nach Anspruch 1, wobei die
Vielzahl von Pixeln (R, G, B, W) ein weilles Pixel
(W) enthalt, das konfiguriert ist, um das weil3e Licht
von der mehrschichtigen Emissionsschichtstruktur
zu Ubertragen.

Anzeigevorrichtung nach Anspruch 1 ferner aufwei-
send ein blaues Farbfilterelement (293C), das kon-
figuriert ist, um das von der blauen EL-Schicht
(244A2) emittierte blaue Licht zu filtern, um das
blaue Licht einzustellen, wobei das blaue Pixel (B)
konfiguriert ist, um das blaue Licht von der blauen
EL-Schicht (244A2) zu Ubertragen, das durch das
blaue Farbfilterelement (293C) gefiltert wird.

Verfahren zum Herstellen der Anzeigevorrichtung
nach Anspruch 1, aufweisend:

Bilden eines Substrats (210A);

Bilden einer Vielzahl von Anoden (241A) auf
dem Substrat (210A);

Bilden einer mehrschichtigen Emissions-
sichtstruktur (244A) aufder Vielzahl von Anoden
(241A) mit einer komplementaren elektrolumi-
neszierenden (EL) Schicht (244A1) und einer
blauen EL-Schicht (244A2), wobei die komple-
mentdre EL-Schicht (244A1) in einem ersten
Bereich (R, G) der Anzeigevorrichtung gebildet
ist, die blaue EL-Schicht (244A2) in dem ersten
Bereich (R, G) gebildetistund sich tGiber die kom-
plementare EL-Schicht (244A1) hinaus uber ei-
nen zweiten Bereich (B) der Anzeigevorrichtung
erstreckt;

Bilden einer Kathode (245A) auf der mehr-
schichtigen Emissionsschichtstruktur (244A)
derart, dass die blaue EL-Schicht (244A2) und
die komplementare EL-Schicht (244A1) zwi-
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schen den Anoden (241A1) und der Kathode
(245A) angeordnet sind; und

Bilden eines oder mehrerer Farbfilterelemente
(244A) auf der Kathode (245) in mindestens ei-
nem Teil des ersten Bereichs (R, G) der Anzei-
gevorrichtung,

wobei die Dicke der blauen elektrolumineszie-
renden Schicht (344A2), die zwischen der Ano-
de (341A) und der Kathode (345) angeordnet
ist, ein Vielfaches der halben Wellenlange von
blauem sichtbarem Licht ist, wodurch der Mikro-
hohlraum in dem blauen Pixel (B) gebildet wird.

Verfahren nach Anspruch 9,
wobei das Bilden der blauen und komplementaren
EL-Schicht aufweist:

Bilden der komplementaren EL-Schicht in dem
ersten Bereich;

Bilden der blauen EL-Schicht in dem ersten und
zweiten Bereich, wobei die blaue EL-Schicht in
dem ersten Bereich auf der komplementaren
EL-Schicht in dem ersten Bereich gebildet wird.

Verfahren nach Anspruch 9,

wobei das Bilden der blauen und komplementaren
EL-Schicht (644A1, 644A2) aufweist:

Bilden derblauen EL-Schicht (644A2) sowohlin dem
ersten Bereich (R, G) als auch in dem zweiten Be-
reich (B);

Bilden eines Fotolacks (670A) iber dem zweiten Be-
reich (B);

Bilden der komplementaren EL-Schicht (644A1)
Uber der blauen EL-Schicht (644A2) und dem Foto-
lack (670A); und

Abziehen des Fotolacks (670A).

Verfahren nach Anspruch 11,

wobei der Fotolack (670A) unter Verwendung einer
Fluor-enthaltenden Entwicklungslésung entwickelt
wird.

Verfahren nach Anspruch 11,
wobei der Fotolack (670A) unter Verwendung eines
Fluor-enthaltenden Abziehers abgezogen wird.

Revendications

1.

Dispositif d’affichage, comprenant :

un substrat (210A) ;

une pluralité d’'anodes (241A) sur le substrat
(210A) ;

une structure de couche d’émission multicouche
(244A) sur la pluralité d’anodes (241A) ayant
une couche électroluminescente bleue (EL)
(244A2) configurée pour émettre une lumiere
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bleue et une couche EL complémentaire
(244A1) configurée pour émettre une lumiere
ayant une couleur complémentaire a la lumiére
bleue qui forment collectivement une lumiere
blanche ;

une cathode (245A, 345A) sur les couches
électroluminescentes ;

un élément de filtre de couleur rouge (291A) sur
la structure de couche d’émission multicouche
(244A) configuré pour filtrer la lumiére blanche
afin de générer une lumiére rouge ;

un élément de filtre de couleur verte (292A) sur
la structure de couche d’émission multicouche
(244A) configuré pour filtrer la lumiére blanche
afin de générer une lumiére verte ; et

une pluralité de pixels (R, G, B) comprenant un
pixel rouge (R) configuré pour transmettre la lu-
miére rouge depuis I'élément de filtre de couleur
rouge (291A), un pixel vert (G) configuré pour
transmettre la lumiere verte depuis I'élément de
filtre de couleur verte (292A), et un pixel bleu
(B) configuré pour transmettre la lumiére bleue
émise par la couche EL bleue (244A2),

dans lequel la couche EL bleue (244A2) est dis-
posée dans la pluralité de pixels (R, G, B), et
dans lequel la couche EL complémentaire
(244A1) est disposée dans la pluralité de pixels
(R, G, B), a I'exclusion du pixel bleu (B), carac-
térisé en ce que

I'épaisseur de la couche électroluminescente
bleue (344A2) disposée entre 'anode (341A) et
la cathode (345A) est un multiple de la demi-
longueur d’'onde de la lumiere visible bleue, for-
mant ainsi la microcavité dans le pixel bleu (B).

Dispositif d’affichage selon la revendication 1, dans
lequel la couche EL bleue (244A2) est disposée en-
tre la couche EL complémentaire (244A1) etune plu-
ralité d’anodes (241A) dans les pixels rouges et verts
(R, G).

Dispositif d’affichage selon la revendication 1, dans
lequella couche EL complémentaire (244B1) estdis-
posée entre la couche EL bleue (244B2) et la plura-
lité d’'anodes (241B) dans les pixels rouges et verts
(R, G).

Dispositif d’affichage selon la revendication 1, dans
lequel la couche EL complémentaire (244A1) com-
prend un hote dopé avec un dopant rouge et un
dopant vert.

Dispositif d’affichage selon la revendication 1, dans
lequel la couche EL complémentaire (244A1) com-
prend une pile d’'une couche EL rouge et d’'une cou-
che EL verte.

Dispositif d’affichage selon la revendication 1, dans
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lequel la couche EL complémentaire (244A1) com-
prend une pile d’'une couche EL dopée avec un
dopantau phosphore rouge et une couche EL dopée
avec un dopant au phosphore jaune, et dans lequel
la couche EL a lumiére bleue comprend une couche
EL dopée avec un dopant fluorescent bleu.

Dispositif d’affichage selon la revendication 1, dans
lequel la pluralité de pixels (R, G, B, W) comprend
un pixel blanc (W) configuré pour transmettre la lu-
miere blanche depuis la structure de couche d’émis-
sion multicouche.

Dispositif d’affichage selon la revendication 1, com-
prenanten outre un élémentde filtre de couleurbleue
(293C) configuré pour filtrer la lumiére bleue émise
par la couche EL bleue (244A2) afin d’ajuster la lu-
miére bleue, dans lequel le pixel bleu (B) est confi-
guré pour transmettre la lumiére bleue depuis la cou-
che EL bleue (244A2) filtrée par I'élément de filtre
de couleur bleue (293C).

Procédé de fabrication du dispositif d’affichage selon
la revendication 1, comprenant :

la formation d’un substrat (210A) ;

la formation d’une pluralité d’anodes (241A) sur
le substrat (210A) ;

la formation d’une structure de couche d’émis-
sion multicouche (244A) sur la pluralité d’ano-
des (241A) ayant une couche électrolumines-
cente (EL) complémentaire (244A1) et une cou-
che EL bleue (244A2), la couche EL complé-
mentaire (244A1) formée dans une premiére zo-
ne (R, G) du dispositif d’affichage, la couche EL
bleue (244A2)formée dansla premiére zone (R,
G) et s’étendant au-dela de la couche EL com-
plémentaire (244A1) sur une seconde zone (B)
du dispositif d’affichage ;

la formation d’une cathode (245A) sur la struc-
ture de couche d’émission multicouche (244A)
de sorte que la couche EL bleue (244A2) et la
couche EL complémentaire (244A1) soient dis-
posées entre les anodes (241A1) et la cathode
(245A) ; et

laformation d’un ou plusieurs éléments de filtres
de couleur (244A) sur la cathode (245A) dans
au moins une partie de la premiére zone (R, G)
du dispositif d’affichage,

dans lequel I'épaisseur de la couche électrolu-
minescente bleue (344A2) disposée entre I'ano-
de (341A) et la cathode (345A) est un multiple
de la demi-longueur d’'onde de la lumiére visible
bleue, formant ainsi la microcavité dans le pixel
bleu (B).

10. Procédé selon la revendication 9, dans lequel la for-

mation des couches EL bleue et complémentaire



11.

12.

13.
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comprend :

la formation de la couche EL complémentaire
dans la premiére zone ;

la formation de la couche EL bleue dans la pre-
miere et la seconde zones, dans lequel la cou-
che EL bleue dans la premiére zone est formée
sur la couche EL complémentaire dans la pre-
miére zone.

Procédé selon la revendication 9, dans lequel la for-
mation des couches EL bleue et complémentaire
(644A1, 644A2) comprend :

la formation de la couche EL bleue (644A2)dans
la premiere zone (R, G) et la seconde zone (B) ;
la formation d’'une résine photosensible (670A)
par-dessus la seconde zone (B) ;

la formation de la couche EL complémentaire
(644A1)par-dessus la couche EL bleue (644A2)
et la résine photosensible (670A) ; et

le décapage de la résine photosensible (670A).

Procédé selon la revendication 11, dans lequel la
résine photosensible (670A) est développée a I'aide
d’une solution de développement contenant du fluor.

Procédé selon la revendication 11, dans lequel la
résine photosensible (670A) est décapée a l'aide
d’'un décapant contenant du fluor.

10

15

20

25

30

35

40

45

50

55

28

54



EP 2 939 284 B1

[Fig. 1a]
140A

14471

14484 44p0
141A1 14182 141A3
\I/
141A

[Fig. 1b]

—145B

141B1_141B2 141B3
\L/
141B

[Fig. 1c]

\

141C4__ 14104 141C2 _ 141C3
T —
1410

29



[Fig. 2a]

24471
24485 1402

[Fig. 2b]

[Fig. 2¢]

2441
244C<244g2

EP 2 939 284 B1

N l Ve
241A1 241A2 241A3
\l/
241A 240A(241A,244A,245A)

2008
X i Y o
R - G i B ;
EZQOB :
29,18/5/\29‘28 i
7 N 12158

~—210B

N i /
241B1_241B2 24183
\l//
241B 240B(241B,244B,245B)

2006
X PR S
R . 66 . B
L2900
29110 29|2() ‘29|30
/ 3 \ 2150

= ] A N

Y | 7
241C1_ 241C2 241C3
~
241G 240C(241C,244C,245C)

30



EP 2 939 284 B1

[Fig. 2d]
200D
R G . B
291D § 292D
/ \ 1-215D
D<244D1 :
244D2— SR
[\ / / T~210D
/
246D 241D1_241D2 241D3
\l/
241D 240D(241D,244D,245D)
[Fig. 2¢]
200E
W R | G B
20
§ 2917 | 292€
7 5 1 -215E
244E1
244Ey 4059 g
Ny ] | A N
N\ l l /
241E4_ 241F1  241E2  241E3
241E 240E(241E,244E,245F)

31



EP 2 939 284 B1

[Fig. 3a]

v0ce

AN

VEEE <mm_m<mm VZze vree

N A W

[ .

v00€

9

VZ68
<

viee 4

32



EP 2 939 284 B1

d0¢e

\momm/ >

dlee  8eee mmmmmwmmmmmmmqmm

X \ —

mmmm

g1ve

5 carve g0vE
S 1apye 877

33



EP 2 939 284 B1

[Fig. 3c]
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[Fig. 3d]
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