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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the benefit of
Republic of Korea Patent Application No. 10-2022-0189904
filed in the Republic of Korea on Dec. 29, 2022, which is
hereby incorporated by reference in its entirety.

FIELD OF TECHNOLOGY

[0002] The present disclosure relates to an organic light
emitting display device, and more specifically, to an organic
light emitting display device having a tandem structure with
improved light extraction efficiency.

BACKGROUND

[0003] An organic light emitting display device as one of
new flat panel display devices is a self-emission type. The
organic light emitting display device has excellent properties
in a viewing angle and a contrast ratio in comparison to a
liquid crystal display device. In addition, since a backlight
unit is not required in the organic light emitting display
device, the organic light emitting display device has a thin
profile and low power consumption.

[0004] The organic light emitting display device includes
an organic light emitting diode (OLED), and the OLED
includes a first electrode, a second electrode and an organic
light emitting layer therebetween.

[0005] For example, in the OLED, the light from the
organic light emitting layer passes through the second elec-
trode to display an image. However, since there is a big
difference in a refractive index between the organic light
emitting layer of an organic material and the second elec-
trode of a conductive material, e.g., a metal or a transparent
conductive oxide material, a total reflection occurs at an
interface between the organic light emitting layer and the
second electrode.

[0006] Accordingly, the light from the organic light emit-
ting layer is toward a lateral side so that the light extraction
efficiency of the organic light emitting display device includ-
ing the OLED is decreased.

SUMMARY

[0007] The present disclosure is directed to an organic
light emitting display device that substantially obviates one
or more of the problems associated with the limitations and
disadvantages of the related conventional art.

[0008] An object of the present disclosure is to provide an
organic light emitting display device having a tandem struc-
ture with improved light extraction efficiency.

[0009] Additional features and advantages of the present
disclosure are set forth in the description which follows, and
will be apparent from the description, or evident by practice
of the present disclosure. The objectives and other advan-
tages of the present disclosure are realized and attained by
the features described herein as well as in the appended
drawings.

[0010] To achieve these and other advantages in accor-
dance with the purpose of the embodiments of the present
disclosure, as described herein, an aspect of the present
disclosure is an organic light emitting display device com-
prising a first substrate including a first pixel, the first pixel

Jul. 4, 2024

including first and second regions; a first electrode in the first
region and on the first substrate, the first electrode having a
first work function value; a second electrode in the second
region and on the first substrate, the second electrode having
a second work function value smaller than the first work
function value; a first organic light emitting layer on the first
electrode; a second organic light emitting layer on the
second electrode; and a p-type charge generation layer in the
first and second regions and on the first and second organic
light emitting layers.

[0011] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to further
explain the present disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, which are included
to provide a further understanding of the present disclosure
and are incorporated in and constitute a part of this speci-
fication, illustrate embodiments of the present disclosure and
together with the description serve to explain the principles
of the present disclosure.

[0013] FIG. 1 is a schematic circuit diagram illustrating an
organic light emitting display device according to an
embodiment of the present disclosure.

[0014] FIG. 2 is a schematic plan view showing a pixel
arrangement configuration of an organic light emitting dis-
play device according to a first embodiment of the present
disclosure.

[0015] FIG. 3 is a schematic plan view showing a pixel
arrangement configuration of an organic light emitting dis-
play device according to a second embodiment of the
present disclosure.

[0016] FIG. 4 is a schematic plan view showing a pixel of
the organic light emitting display device according to the
first embodiment of the present disclosure.

[0017] FIG. 5is a cross-sectional view taken along the line
I-I' in FIG. 4 according to an embodiment of the present
disclosure.

[0018] FIG. 6 is a cross-sectional view taken along the line
II-II" in FIG. 4 and showing an OLED according to an
embodiment of the present disclosure.

[0019] FIG. 7 is a schematic plan view showing a pixel
arrangement configuration of an organic light emitting dis-
play device according to a third embodiment of the present
disclosure.

[0020] FIG. 8 is a schematic plan view showing a pixel
arrangement configuration of an organic light emitting dis-
play device according to a fourth embodiment of the present
disclosure.

[0021] FIG. 9 is a schematic plan view showing a pixel of
the organic light emitting display device according to the
third embodiment of the present disclosure.

[0022] FIG. 10 is a cross-sectional view taken along the
line HI-III' in FIG. 9 according to an embodiment of the
present disclosure.

[0023] FIG. 11 is a cross-sectional view taken along the
line IV-IV' in FIG. 9 and showing an OLED according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to aspects of
the present disclosure, examples of which may be illustrated
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in the accompanying drawings. In the following description,
when a detailed description of well-known functions or
configurations related to this document is determined to
unnecessarily cloud a gist of the inventive concept, the
detailed description thereof will be omitted. The progression
of processing steps and/or operations described is an
example; however, the sequence of steps and/or operations
is not limited to that set forth herein and may be changed as
is known in the art, with the exception of steps and/or
operations necessarily occurring in a particular order. Like
reference numerals designate like elements throughout.
Names of the respective elements used in the following
explanations are selected only for convenience of writing the
specification and may be thus different from those used in
actual products.

[0025] Advantages and features of the present disclosure
and methods of achieving them will be apparent with
reference to the aspects described below in detail with the
accompanying drawings. However, the present disclosure is
not limited to the aspects disclosed below, but can be
realized in a variety of different forms, and only these
aspects allow the disclosure of the present disclosure to be
complete. The present disclosure is provided to fully inform
the scope of the disclosure to the skilled in the art of the
present disclosure.

[0026] The shapes, sizes, proportions, angles, numbers,
and the like disclosed in the drawings for explaining the
aspects of the present disclosure are illustrative, and the
present disclosure is not limited to the illustrated matters.
The same reference numerals refer to the same elements
throughout the specification. In addition, in describing the
present disclosure, if it is determined that a detailed descrip-
tion of the related known technology unnecessarily obscure
the subject matter of the present disclosure, the detailed
description thereof can be omitted. When ‘including’, ‘hav-
ing’, comprising, and the like are used in this specification,
other parts may be added unless ‘only’ is used. When a
component is expressed in the singular, cases including the
plural are included unless specific statement is described.
[0027] In construing an element, the element is construed
as including an error or tolerance range although there is no
explicit description of such an error or tolerance range.
[0028] In describing a position relationship, for example,
when a position relation between two parts is described as,
for example, “on,” “over,” “under,” and “next,” one or more
other parts may be disposed between the two parts unless a
more limiting term, such as “just” or “direct(ly)” is used.
[0029] In describing a time relationship, for example,
when the temporal order is described as, for example,
“after,” “subsequent,” “next,” and “before,” a case that is not
continuous may be included unless a more limiting term,
such as “just,” “immediate(ly),” or “direct(ly)” is used.
[0030] It will be understood that, although the terms
“first,” “second,” etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another. For example, a first element could be termed
a second element, and, similarly, a second element could be
termed a first element, without departing from the scope of
the present disclosure.

[0031] Features of various aspects of the present disclo-
sure may be partially or overall coupled to or combined with
each other, and may be variously inter-operated with each
other and driven technically as those skilled in the art can
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sufficiently understand. The aspects of the present disclosure
may be carried out independently from each other, or may be
carried out together in co-dependent relationship.

[0032] Reference will now be made in detail to some of
the examples and preferred embodiments, which are illus-
trated in the accompanying drawings.

[0033] FIG. 1 is a schematic circuit diagram illustrating an
organic light emitting display device of the present disclo-
sure.

[0034] As illustrated in FIG. 1, a gate line GL and a data
line DL, which cross each other to define a pixel (pixel
region) P, a low potential voltage line Vss and a high low
potential voltage line Vdd are formed. In the pixel P, a
switching thin film transistor (TFT) Ts, a driving TFT Td, a
storage capacitor Cst and an OLED D are formed.

[0035] The switching TFT Ts is connected to the gate line
GL and the data line DL, and the driving TFT Td and the
storage capacitor Cst are connected between the switching
TFT Ts and the high low potential voltage line Vdd. The
OLED D is connected to the driving TFT Td, the high low
potential voltage line Vdd and the low potential voltage line
Vss.

[0036] When the switching TFT Ts is turned on by the gate
signal applied through the gate line GL, the data signal
applied through the data line DL is applied to a gate
electrode of the driving TFT Td and one electrode of the
storage capacitor Cst through the switching TFT Ts.
[0037] The driving TFT Td is turned on by the data signal
applied into the gate electrode so that a current proportional
to the data signal is supplied from the high low potential
voltage line Vdd to the OLED D through the driving TFT
Td. The OLED D emits light having a luminance propor-
tional to the current flowing through the driving TFT Td.
[0038] In this case, the storage capacitor Cst is charged
with a voltage proportional to the data signal so that the
voltage of the gate electrode in the driving thin film tran-
sistor Td is kept constant during one frame.

[0039] Therefore, the organic light emitting display device
can display a desired image.

[0040] FIG. 2 is a schematic plan view showing a pixel
arrangement configuration of an organic light emitting dis-
play device according to a first embodiment of the present
disclosure.

[0041] As shown in FIG. 2, the organic light emitting
display device includes a first bank 162, which extends
along a first direction “x” and is spaced apart from each

[Tt}

other in a second direction “y” crossing the first direction
“x”, a second bank 164, which extends along the second
direction “y” and is spaced apart from each other in the first
direction “x”, and a third bank 166, which extends along the
second direction “y” and is positioned between the second
banks 164.

[0042] The first and second banks 162 and 164 cross each
other to define the pixel P. A first pixel P1 and a second pixel
P2, which are arranged along the first direction “x”, are
pixels with different colors, and a third pixel P3 and a fourth
pixel P4, which are arranged along the first direction “x”, are
pixels with different colors. The first pixel P1 and the third
pixel P3, which are arranged along the second direction “y”,
are pixels with the same color, and the second pixel P2 and
the fourth pixel P4, which are arranged along the second
direction “y”, are pixels with the same color.

[0043] The third bank 166 runs across the pixel P so that

the pixel P is divided into two regions by the third bank 166.
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Namely, the first pixel P1 is divided into a first region P1-1
and a second region P1-2 by the third bank 166, and the
second pixel P2 is divided into a first region P2-1 and a
second region P2-2 by the third bank 166. In addition, the
third pixel P3 is divided into a first region P3-1 and a second
region P3-2 by the third bank 166, and the fourth pixel P4
is divided into a first region P4-1 and a second region P4-2
by the third bank 166.

[0044] In other words, the first bank 162 extends along the
first direction “x” and is disposed at a first edge of the pixel
P. The second bank 164 extends along the second direction
“y” and is disposed at a second edge of the pixel P. The third
bank 166 extends along the second direction “y” and is
disposed between the first and second regions.

[0045] A first OLED including a first electrode 210 as an
anode is disposed in each of the first regions P1-1, P2-1,
P3-1 and P4-1, and a second OLED including a second
electrode 220 as a cathode is disposed in each of the second
regions P1-2, P2-2, P3-2 and P4-2.

[0046] However, an arrangement of the first and second
OLEDs is not limited thereto.

[0047] Insome embodiments of the present disclosure, the
first OLED and the second OLED may be disposed in the
first region P1-1 and the second region P1-2 in the first pixel
P1, respectively, and the second OLED and the first OLED
may be disposed in the first region P2-1 and the second
region P2-2 in the second pixel P2, respectively. In this case,
the second electrode 220 in the second region P1-2 of the
first pixel P1 and the second electrode 220 in the first region
P2-1 of the second pixel P2 may be formed as one-body.
[0048] In addition, in some embodiments of the present
disclosure, the first OLED may be disposed in each of the
first region P1-1 of the first pixel P1, the second region P2-2
of'the second pixel P2, the first region P3-1 of the third pixel
P3 and the second region P4-2 of the fourth pixel P4, and the
second OLED may be disposed in each of the second region
P1-2 of the first pixel P1, the first region P2-1 of the second
pixel P2, the second region P3-2 of the third pixel P3 and the
first region P4-1 of the fourth pixel P4. In this case, the
second electrode 220 in the second region P1-2 of the first
pixel P1, the second electrode 220 in the first region P2-1 of
the second pixel P2, the second electrode 220 in the second
region P3-2 of the third pixel P3 and the second electrode
220 in the first region P4-1 of the fourth pixel P4 may be
formed as one-body.

[0049] The first bank 162 may have a hydrophilic prop-
erty. As described above, since the adjacent pixels in the
second direction “y”, the organic light emitting layer in the
adjacent regions in the second direction “y” may be con-
nected to each other when the organic light emitting layer of
each of the first and second OLEDs is formed by a solution
process.

[0050] Each of the second and third banks 164 and 166
may have a hydrophobic property. Accordingly, when the
organic light emitting layer of each of the first and second
OLED:s is formed by a solution process, an overflow of an
ink for forming the organic light emitting layer in adjacent
pixels or adjacent regions can be prevented or at least
reduced.

[0051] The first bank 162 has a first thickness, and each of
the second and third banks 164 and 166 has a second
thickness, which may be greater than the first thickness.
[0052] In each of the first regions P1-1 to P4-1, the second
and third banks 164 and 166 are spaced apart from each
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other by a first distance d1. In each of the second regions
P1-2 to P4-2, the second and third banks 164 and 166 are
spaced apart from each other by a second distance d2, which
may be substantially same as the first distance d1. Namely,
the first regions P1-1 to P4-1 may have substantially same
width and area as the second regions P1-2 to P4-2, respec-
tively, in a plan view.

[0053] The first bank 162 disposed between adjacent pix-
els in the second direction “y” has a first width wl, the
second bank 164 disposed between adjacent pixels in the
first direction “x” has a second width w2, and the third bank
166 disposed between adjacent regions of each pixel has a
third width w3. The third width w3 is smaller than each of
the first and second widths w1 and w2. The first and second
widths w1l and w2 may be same or different.

[0054] FIG. 3 is a schematic plan view showing a pixel
arrangement configuration of an organic light emitting dis-
play device according to a second embodiment of the
present disclosure.

[0055] The pixel arrangement configuration of an organic
light emitting display device in FIG. 3 and the pixel arrange-
ment configuration of an organic light emitting display
device in FIG. 2 have a difference in a width of the first and
second regions.

[0056] Namely, in the organic light emitting display
device in FIG. 2, the first distance d1 between the second
and third banks 164 and 166 in each of the first regions P1-1
to P4-1 and the second distance d2 between the second and
third banks 164 and 166 in each of the second regions P2-1
to P4-1 are substantially same. In other words, the first
regions P1-1 to P4-1 and the second regions P1-2 to P4-1
have substantially the same width, respectively.

[0057] In the organic light emitting display device in FIG.
3, the second and third banks 164 and 166 in each of the first
regions P1-1 to P4-1 are spaced apart from each other by a
third distance d3, and the second and third banks 164 and
166 in each of the second regions P1-2 to P4-2 are spaced
apart from each other by a fourth distance d4 being greater
than the third distance d3. In other words, the second regions
P1-2 to P4-2 have a width greater than the first regions P1-1
to P4-1, respectively, and the second regions P1-2 to P4-2
have an area greater than the first regions P1-1 to P4-1,
respectively, in a plan view.

[0058] The first OLED in each of the first regions P1-1 to
P4-1 has a normal structure, and the second OLED in each
of the second regions P1-2 to P4-2 has an inverted structure.
A distance between an emitting material layer (EML) and
the second electrode in the second OLED is smaller than that
between the EML and the second electrode in the first OLED
so that the emitting efficiency of the second OLED in the
second region may be decreased by a plasmon effect. In the
organic light emitting display device of the present disclo-
sure, the problem of decrease of the emitting efficiency can
be prevented or minimized or at least reduced by forming an
area (or width) of the second region, in which the second
OLED is disposed, to be greater than that of the first region,
in which the first OLED is disposed.

[0059] FIG. 4 is a schematic plan view showing a pixel of
the organic light emitting display device according to the
first embodiment of the present disclosure.

[0060] As shown in FIG. 4, the organic light emitting
display device includes a gate line GL, a low potential
voltage line Vss, a high potential voltage line Vdd, a data
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line DL, a switching element Ts, a driving element Td, a first
OLED D1 and a second OLED D2 in one pixel P.

[0061] The gate line GL and the low potential voltage line
Vss extend along the first direction “x” to be spaced apart
from each other, and the date line DL and the high potential
voltage line Vdd extend along the second direction “y”,
which cross the first direction “x”, to be spaced apart from

[yt

each other. For example, the second direction “y” may be
perpendicular to the first direction “x”.

[0062] The switching element Ts is connected to the gate
and data lines GL and DL and may include a semiconductor
layer, a gate electrode, a source electrode and a drain
electrode. In the switching element Ts, the gate electrode is
connected to the gate line GL, and the source electrode is
connected to the data line DL.

[0063] The driving element Td is connected to the high
potential voltage line Vdd and the switching element Ts and
may include a semiconductor layer, a gate clectrode, a
source electrode and a drain electrode. In the driving ele-
ment Td, the gate electrode is connected to the switching
element Ts, and the source electrode is connected to the high
potential voltage line Vdd.

[0064] The first and second OLEDs D1 and D2 are hori-
zontally disposed and constitute an OLED D. For example,
the structure of the OLED D may be referred to as a
horizontal tandem structure.

[0065] The first OLED D1 includes a first electrode 210,
a first organic light emitting layer and a p-type charge
generation layer (CGL), and the second OLED D2 includes
a second electrode 220, a second organic light emitting layer
and a p-type CGL. The p-type CGL has a size, e.g., a plane
area, greater than each of the first and second electrodes 210
and 220, and the first and second OLEDs D1 and D2 share
the p-type CGL.

[0066] The first electrode 210 of the first OLED D1 is
connected to the drain electrode of the driving element Td,
and the second electrode 220 of the second OLED D2 is
connected to the low potential voltage line Vss.

[0067] In the organic light emitting display device of the
present disclosure, each pixel P includes a first region P-1
and a second region P-2, and the first OLED D1 and the
second OLED D2 are respectively positioned in the first
region P-1 and the second region P-2.

[0068] The organic light emitting display device may
further include a storage capacitor Cst. The storage capacitor
Cst includes a first storage electrode, a second storage
electrode and a dielectric layer therebetween. The first
storage electrode is connected to the drain electrode of the
switching element Ts or the gate electrode of the driving
element Td, and the second storage electrode is connected to
the high potential voltage line Vdd or the source electrode of
the driving element Td.

[0069] In FIG. 4, the first and second regions P-1 and P-2
have the same area, and the first and second electrodes 210
and 220 have the same area. Alternatively, the second region
P-2 may have an area greater than the first region P-1, and
the second electrode 220 may have an area greater than the
first electrode 210.

[0070] In the organic light emitting display device of the
present disclosure, the first and second OLEDs D1 and D2
share the p-type CGL, and an uppermost layer of each of the
first and second OLEDs D1 and D2 is the p-type CGL.
Namely, in each of the first and second OLEDs D1 and D2,
an organic material layer is stacked on the EML without a

Jul. 4, 2024

high refractive index layer, e.g., a metal layer. Accordingly,
a problem of decrease of the light extraction efficiency in the
OLED, in which an uppermost layer is a second electrode,
by a difference of a refractive index between the organic
light emitting layer and the second electrode can be pre-
vented or at least reduced.

[0071] FIG. 5is a cross-sectional view taken along the line
I-I' in FIG. 4 according to one embodiment.

[0072] As shown in FIG. 5, in the organic light emitting
display device 100, the driving element Td, the first OLED
D1 and the second OLED D2 are formed on a first substrate
110 including a pixel P. The pixel P includes a first region
P-1 and a second region P-2.

[0073] In addition, the organic light emitting display
device 100 may further include an organic material layer 170
covering the first and second OLEDs D1 and D2 and a
second substrate 180 on the organic material layer 170.
[0074] Each of the first and second substrates 110 and 180
may be a glass substrate or a flexible substrate. For example,
the flexible substrate may be a polyimide (PI) substrate, a
polyethersulfone (PES) substrate, a polyethylenenaphthalate
(PEN) substrate, a polyethylene terephthalate (PET) sub-
strate or a polycarbonate (PC) substrate.

[0075] A buffer layer 112 is formed on the first substrate
110, and the low potential voltage line Vss, which is formed
of'a conductive material, e.g., metal, is formed on the buffer
layer 112. Alternatively, the buffer layer 112 may be omitted,
and the low potential voltage line Vss may be formed on the
first substrate 110.

[0076] A second buffer layer 114 is formed on the low
potential voltage line Vss. Each of the first and second buffer
layers 112 and 114 may be formed of an organic insulating
material, e.g., silicon oxide or silicon nitride.

[0077] A semiconductor layer 120 is formed on the second
buffer layer 114. The semiconductor layer 120 may include
an oxide semiconductor material. When the semiconductor
layer 120 includes the oxide semiconductor material, a
light-shielding pattern (not shown) may be formed under the
semiconductor layer 122. The light to the semiconductor
layer 120 is shielded or blocked by the light-shielding
pattern such that thermal degradation of the semiconductor
layer 120 can be prevented or at least reduced.

[0078] Alternatively, the semiconductor layer 120 may
include polycrystalline silicon. In this case, impurities may
be doped into both sides of the semiconductor layer 120.
[0079] A gate insulating layer 122 is formed on the
semiconductor layer 120 and over an entire surface of the
first substrate 110. The gate insulating layer 122 may be
formed of an inorganic insulating material such as silicon
oxide (SiOx) or silicon nitride (SiNx).

[0080] A gate electrode 130, which is formed of a con-
ductive material, e.g., metal, is formed on the gate insulating
layer 122 to correspond to a center of the semiconductor
layer 120.

[0081] InFIG.S5, the gate insulating layer 122 is formed on
an entire surface of the first substrate 110. Alternatively, the
gate insulating layer 122 may be patterned to have the same
shape as the gate electrode 130.

[0082] In FIG. 5, the low potential voltage line Vss is
disposed between the first and second buffer layers 112 and
114. Alternatively, the low potential voltage line Vss may be
formed on the gate insulating layer 122. In this case, the low
potential voltage line Vss may be formed of the same
material as the gate electrode 130.
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[0083] The gate line GL is formed on the gate insulating
layer 122.
[0084] An interlayer insulating layer 132, which is formed

of an insulating material, is formed on the gate electrode
130. The interlayer insulating layer 132 may be formed of an
inorganic insulating material, e.g., silicon oxide or silicon
nitride, or an organic insulating material, e.g., benzocy-
clobutene or photo-acryl.

[0085] The interlayer insulating layer 132 includes first
and second contact holes 134 and 136 exposing both sides
of the semiconductor layer 120. The first and second contact
holes 134 and 136 are positioned at both sides of the gate
electrode 130 to be spaced apart from the gate electrode 130.

[0086] In FIG. 5, the first and second contact holes 134
and 136 are formed through the interlayer insulating layer
132 and the gate insulating layer 122. Alternatively, when
the gate insulating layer 122 is patterned to have the same
shape as the gate electrode 130, the first and second contact
holes 134 and 136 are formed only through the interlayer
insulating layer 132.

[0087] A source electrode 140 and a drain electrode 142,
which are formed of a conductive material, e.g., metal, are
formed on the interlayer insulating layer 132. The source
electrode 140 and the drain electrode 142 are spaced apart
from each other with respect to the gate electrode 130 and
respectively contact both sides of the semiconductor layer
120 through the first and second contact holes 134 and 136.

[0088] The semiconductor layer 120, the gate electrode
130, the source electrode 140 and the drain electrode 142
constitute the driving element Td. The driving element Td
may be a thin film transistor.

[0089] In FIG. 5, the gate electrode 130, the source
electrode 140, and the drain electrode 142 are positioned
over the semiconductor layer 120. Namely, the driving
element Td has a coplanar structure.

[0090] Alternatively, in the driving element Td, the gate
electrode may be positioned under the semiconductor layer,
and the source and drain electrodes may be positioned over
the semiconductor layer such that the driving element Td
may have an inverted staggered structure. In this instance,
the semiconductor layer may include amorphous silicon.

[0091] In addition, the data line DL and the high potential
voltage line Vdd are formed on the interlayer insulating
layer 132. Each of the data line DL and the high potential
voltage line Vdd may be formed of the same material as the
source electrode 140.

[0092] The high potential voltage line Vdd is connected to
the source electrode 140. For example, the source electrode
140 may extend from the high potential voltage line Vdd.

[0093] A switching element Ts, which is connected to the
gate line GL and the data line DL, is further disposed in each
pixel P. The switching element Ts may be a thin film
transistor. The switching element Ts may be connected to the
driving element Td.

[0094] For example, the switching element Ts may include
a semiconductor layer, a gate electrode, a source electrode
and a drain electrode. In the switching element Ts, the gate
electrode is connected to the gate line GL, the source
electrode is connected to the data line DL, and the drain
electrode is connected to the gate electrode 130 of the
driving element Td.
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[0095] In each pixel P, a storage capacitor Cst for con-
stantly maintaining the voltage of the gate electrode 130 of
the driving element Td during one frame may be further
disposed.

[0096] A planarization layer 150 is formed on the source
electrode 140, the drain electrode 142, the data line DL and
the high potential voltage line Vdd and over an entire surface
of the first substrate 110. The planarization layer 150 pro-
vides a flat top surface and includes a drain contact hole 152
exposing the drain electrode 142 of the driving element Td
and a common contact hole 154 exposing the low potential
voltage line Vdd. The common contact hole 154 is formed
through the planarization layer 150, the interlayer insulating
layer 132, the gate insulating layer 122 and the second buffer
layer 114.

[0097] A first electrode 210 is formed on the planarization
layer 150 and in the first region P-1 of the pixel P, and the
second electrode 220 is formed on the planarization layer
150 and in the second region P-2 of the pixel P. The first
electrode 210 is separated in each pixel P, and the first and
second electrodes 210 and 220 in each pixel P are separated.
[0098] The first electrode 210 is connected to the drain
electrode 142 of the driving element Td through the drain
contact hole 152, and the second electrode 220 is connected
to the low potential voltage line Vss through the common
contact hole 154.

[0099] The first electrode 210 may be an anode and may
be formed of a conductive material having a relatively high
work function value.

[0100] The first electrode 210 may include a transparent
conductive oxide material layer formed of a transparent
conductive oxide (TCO). For example, the transparent con-
ductive oxide may be at least one of indium-tin-oxide (ITO),
indium-zinc-oxide (IZO), indium-tin-zinc oxide (ITZ0), tin
oxide (SnO), zinc oxide (ZnO), indium-copper-oxide (ICO)
and aluminum-zinc-oxide (Al:ZnO, AZO).

[0101] The first electrode 210 may further include a reflec-
tive layer under the transparent conductive oxide material
layer. For example, the reflective layer may include silver
(Ag) or aluminum-palladium-copper alloy (APC). In the
top-emission type OLED D, the first electrode 210 may have
a double-layered structure of Ag/ITO or APC/ITO.

[0102] The first electrode 210 may further include a trans-
parent conductive oxide material layer under the reflective
layer. For example, the first electrode 210 may have a
triple-layered structure of ITO/Ag/ITO or ITO/APC/ITO.
[0103] The second electrode 220 may be a cathode and
may be formed of a conductive material having a relatively
low work function value.

[0104] For example, the second electrode 220 may be
formed of a material such as aluminum (Al), magnesium
(Mg), calcium (Ca), silver (Ag), Mg—Ag alloy (Ag:Mg) or
APC.

[0105] The second electrode 220 may be disposed at the
same layer and formed of the same material as the first
electrode 210.

[0106] For example, each of the first and second elec-
trodes 210 and 220 may be a reflective layer, and the first and
second electrodes 210 and 220 may be disposed at the same
layer. On the other hand, the first electrode 210 may have a
first work function value, and the second electrode 220 may
have a second work function value smaller than the first
work function value.
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[0107] A bank layer 160 covering edges of the first elec-
trode 210 and edges of the second electrode 220 is formed
on the planarization layer 150. The bank layer 160 may
include a first opening exposing the first region P-1 of the
pixel P and a second opening exposing the second region P-2
of the pixel P. The first electrode 210 is exposed in the first
opening, and the second electrode 220 is exposed in the
second opening.

[0108] The bank layer 160 includes a first bank 162 having
a hydrophilic property and extending along the first direction
“x”, a second bank 164 having a hydrophobic property and
extending along the second direction “y” and a third bank
166 having a hydrophobic property and extending along the
second direction “y”.

[0109] The first bank 162 has a first thickness, and each of
the second and third banks 164 and 166 has a second
thickness, which may be greater than the first thickness.
[0110] The first bank 162 is positioned between adjacent
pixels P in the second direction “y”, and the second bank 164
is positioned between adjacent pixels P in the first direction
“x”. The third bank 166 runs across the pixel P and is
positioned between adjacent first and second regions P-1 and
P-2 in the first direction “x”.

[0111] A first organic light emitting layer 230 is formed in
the first opening and on the first electrode 210, and a second
organic light emitting layer 240 is formed in the second
opening and on the second electrode 220. The first organic
light emitting layer 230 contacts the first electrode 210, and
the second organic light emitting layer 240 contacts the
second electrode 220.

[0112] The light having a first wavelength range is pro-
vided from the first organic light emitting layer 230, and the
light having a second wavelength range is provided from the
second organic light emitting layer 240. The first wavelength
range and the second wavelength range are same or differ-
ent.

[0113] For example, each of the first and second organic
light emitting layers 230 and 240 emits the light having a
wavelength range being one of red light, green and blue.
Alternatively, one of the first and second organic light
emitting layers 230 may emit a blue light, and the other one
of' the first and second organic light emitting layers 230 may
emit a yellow-green light.

[0114] At least a part of the first organic light emitting
layer 230 and at least a part of the second organic light
emitting layer 240 may be formed by a solution process. For
example, the solution process may be an inkjet process or a
spin-coating process.

[0115] As described above, the first bank 162 has a rela-
tively small thickness, and the adjacent pixels P in the
second direction “y” may be a pixel having same color. In
this case, the first organic light emitting layer 230 in the first
regions P-1 of adjacent pixels P in the second direction “y”
may be connected, e.g., be continuous, and the second
organic light emitting layer 240 in the second region P-2 of
adjacent pixels P in the second direction “y” may be
connected.

[0116] A p-type CGL 250 is formed over the first substrate
110 including the first and second organic light emitting
layers 230 and 240. For example, the p-type CGL 250 may
correspond to an entire surface of a display area of the first
substrate 110.

[0117] The first organic light emitting layer 230 in the first
region P-1 and the second organic light emitting layer 240
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in the second region P-2 are separated from each other by the
third bank 166, while the p-type CGL 250 may be continu-
ous in the first and second regions P-1 and P-2 and cover the
third bank 166.

[0118] For example, the p-type CGL 250 may have a
thickness of 100 to 300 A. The p-type CGL 250 may include
an organic material and a p-type dopant, and the p-type
dopant may have a weight % of 1 to 10 in the p-type CGL
250.

[0119] For example, the organic material of the p-type
CGL 250 may be an aromatic amine compound, e.g., 4,4',
4"-tris(3-methylphenylamino)triphenylamine; mTDATA),
N,N'-diphenyl-N,N'-bis(1-naphthyl)-1,1'-biphenyl-4,4"-di-
amine (NPD), or N,N'-bis[4-[bis(3-methylphenyl)amino]
phenyl]-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine
(DNTPD), but it is not limited thereto. The p-type dopant of
the p-type CGL 250 may be one of 2,3,5,6-tetratluoro-7,7,
8,8-tetracyano-quinodimethane(F4-TCNQ), 7-dicyanom-
ethylene-1,3,4,5,6,8,9,10-octafluoro-7H-pyren-2-ylidene)-
malononitrile (NDP-9), hexacyano-trimethylene-
cyclopropane (CN6-CP), but it is not limited thereto.
[0120] The p-type CGL 250 may be formed by a deposi-
tion process or a solution process.

[0121] The third bank 166 may have a thickness smaller
than the second bank 164 so that the p-type CGL 250, which
is formed by a solution process, in the first and second
regions P-1 and P-2 may be continuous. Alternatively, the
p-type CGL 250 may have a sufficient thickness so that the
p-type CGL 250 in the first and second regions P-1 and P-2
may be continuous.

[0122] For example, the first organic light emitting layer
230 may include a first emitting material layer (EML), a first
hole auxiliary layer under the first EML, a first electron
auxiliary layer on the first EML and a n-type CGL on the first
electron auxiliary layer, and the second organic light emit-
ting layer 240 may include a second EML, a second electron
auxiliary layer under the second EML and a second hole
auxiliary layer on the second EML.

[0123] The p-type CGL 250 in the first region P-1 may
contact the n-type CGL, and the p-type CGL 250 in the
second region P-2 may contact the second hole auxiliary
layer. As a result, a P-N junction CGL including the p-type
CGL 250 and the n-type CGL can be provided in the first
region P-1.

[0124] When the voltage is applied to the first and second
electrodes 210 and 220, an electron is transferred from the
n-type CGL into the first EML of the first OLED D1, and a
hole in the p-type CGL 250 in the first region P-1 is
transferred into the second EML through the p-type CGL
250 in the second region P-2.

[0125] Accordingly, in the first OLED D1, the hole from
the first electrode 210 and the electron from the n-type CGL
are combined at the first EML so that the light is emitted. In
the second OLED d2, the electron from the second electrode
220 and the hole from the p-type CGL 250 are combined at
the second EML so that the light is emitted.

[0126] As described above, the p-type CGL 250 includes
the p-type dopant to have a relatively high conductivity. As
a result, there is a lateral current in the p-type CGL 250 so
that the hole in the p-type CGL 250 in the first region P-1 can
move into the p-type CGL 250 in the second region P-2.
[0127] Accordingly, each of the OLED D1 and the OLED
D2 horizontally arranged can emit light.
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[0128] On the other hand, the hole in the p-type CGL 250
in one pixel P may be transferred into the p-type CGL 250
in adjacent pixel P by the lateral current in the p-type CGL
250. However, since each of the first and second banks 162
and 164 between adjacent pixels P has a width greater than
the third bank 166 between the first and second regions P-1
and P-2, the hole transfer into adjacent pixel P can be
prevented or minimized or at least reduced.

[0129] In FIG. 5, the p-type CGL 250 is formed on an
entire surface of a display area so that the p-type CGL 250
is continuous through adjacent pixels P. Alternatively, the
p-type CGL 250 may have an island shape corresponding to
the first and second pixels P-1 and P-2 of one pixel P.
Namely, the p-type CGL 250 in a first pixel and the p-type
CGL 250 in a second pixel, which is adjacent to the first
pixel, may be separated.

[0130] An organic material layer 170 is disposed on the
p-type CGL 250, and a second substrate 180 is disposed on
the organic material layer 170.

[0131] For example, the organic material layer 170 may
include a capping layer for enhancing light extraction. In
addition, the organic material layer 170 may include an
encapsulation layer for preventing or at least reducing
moisture penetration. For example, the organic material
layer 170 may include the capping layer and the encapsu-
lation layer.

[0132] As described above, the p-type CGL 250 and the
organic material layer 170 are stacked on the first and second
organic light emitting layers 230 and 240 so that the problem
of decrease of the light extraction efficiency by a refractive
index difference at light path can be prevented or at least
reduced.

[0133] Namely, in the OLED including the second elec-
trode, which is formed of a material having a high refractive
index, at an uppermost layer, the light extraction efficiency
is decreased by a refractive index difference between the
organic light emitting layer and the second electrode.
[0134] However, in the organic light emitting display
device 100 of the present disclosure, the first and second
electrodes 210 and 220 are respectively disposed at a lowest
layer of the first and second OLEDs D1 and D2, and there
are layers formed of an organic material at light path. As a
result, the above problem of decrease of the light extraction
efficiency can be prevented or minimized or at least reduced.
[0135] FIG. 6 is a cross-sectional view taken along the line
II-II" in FIG. 4 and showing an OLED according to one
embodiment.

[0136] FIG. 6 shows the first and second OLEDs D1 and
D2 and the second and third banks 164 and 166 of the bank
layer 160. Since elements between the first substrate 110 and
the planarization layer 150 and elements between the OLED
D and the second substrate 180 have been described, illus-
tration and description thereof are omitted.

[0137] As shown in FIG. 6, in the organic light emitting
display device of the present disclosure, the first OLED D1
and the second OLED D2 are horizontally disposed so that
the OLED D in the organic light emitting display device has
a horizontal tandem structure.

[0138] The first OLED D1 is positioned in the first region
P-1 surrounded by the first to third banks 162, 164 and 166,
and the second OLED D2 is positioned in the second region
P-2 surrounded by the first to third banks 162, 164 and 166.
The first and second OLEDs D1 and D2 are disposed on the
planarization layer 150.
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[0139] The first OLED D1 includes the first electrode 210
as an anode and the first organic light emitting layer 230, and
the first organic light emitting layer 230 includes a first EML
236 on the first electrode 210, a first hole auxiliary layer
between the first electrode 210 and the first EML 236 and an
n-type CGL 238 on the first EML 236. The first hole
auxiliary layer may include a first hole injection layer (HIL)
232 and a first hole transporting layer (HTL) 234. In
addition, the first organic light emitting layer 230 may
further include a first electron auxiliary layer between the
first EML 236 and the n-type CGL 238.

[0140] The second OLED D2 includes the second elec-
trode 220 as a cathode and a second organic light emitting
layer 240, and the second organic light emitting layer 240
includes a second EML 244 on the second electrode 220, a
second electron auxiliary layer 242 between the second
electrode 220 and the second EML 244 and a second hole
auxiliary layer on the second EML 244. The second hole
auxiliary layer may include a second HIL 248 and a second
HTL 246. The second electron auxiliary layer may be an
electron transporting layer (ETL), and the second organic
light emitting layer 240 may further include an electron
injection layer (EIL) between the second electrode 220 and
the second electron auxiliary layer 242.

[0141] Each of the first HIL 232, the first HTL 234, the
first EML 236, the n-type CGL 238, the second electron
auxiliary layer 242, the second EML 244, the second HTL
246 and the second HIL 248 may be formed by a solution
process.

[0142] Each of'the first and second HILs 232 and 248 may
have a thickness of 400 to 1500 A, and may include a
conductive polymer, e.g., PEDOT:PSS, including a thio-
phene group and/or a sulfonate group or an aromatic amine
compound.

[0143] Each ofthe first and second HTLs 234 and 246 may
have a thickness of 400 to 1200 A, and may include an
aromatic amine compound, e.g., 4'-bis(N-carbazolyl)-1,1'-
biphenyl (CBP), NPD or tris(4-carbazoyl-9-yl-phenyl)
amine (TCTA).

[0144] A thickness of the second electron auxiliary layer
242 between the second electrode 220 and the second EML
244 may be smaller than that of the first hole auxiliary layer
232 and 234 between the first electrode 210 and the first
EML 236. Namely, a distance between the second electrode
220 and the second EML 244 may be smaller than that
between the first electrode 210 and the first EML 236.

[0145] The second electron auxiliary layer 242 may have
a thickness of 200 to 400 A and may include a nano-particle
of a metal oxide material, e.g., MoO;, WO;, NiO, V,0;,
CuO, or RuO,.

[0146] The n-type CGL 238 may have a thickness of 100
to 300 A and may include an organic material and an n-type
dopant. For example, the organic material of the n-type CGL
238 may be an aromatic conductive polymer, e.g., PEDOT:
PSS, including a thiophene group and/or a sulfonate group,
and the n-type dopant of the n-type CGL 238 may be
polyethyleneimine (PEI) or polyethyleneimine-ethoxylated
(PEIE).

[0147] Each of the first and second EMLs 236 and 244
may have a thickness of 400 to 700 A. An emission
wavelength range of the first EML 236 and an emission
wavelength range of the second EML 244 may be same or
different.
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[0148] For example, the first and second EMLs 234 and
244 may emit the same color light and may be one of a red
EML, a green EML, a blue EML and a yellow-green EML.

[0149] The red EML may include a red host and a red
dopant, and the green EML may include a green host and a
green dopant. The blue EML may include a blue host and a
blue dopant, and the yellow-green EML may include a
yellow-green host and a yellow-green dopant.

[0150] Alternatively, one of the first and second EMLs 236
and 244 may be a blue EML, and the other one of the first
and second EMLs 236 and 244 may include a red EML and
a green EML.

[0151] The p-type CGL 250 is formed on the n-type CGL
238 in the first region P-1 and the second HIL 248 in the
second region P-2.

[0152] Each of the first and second electrodes 210 and 220
may be a reflective electrode, and the light from each of the
first and second organic light emitting layers 230 and 240
passes through the p-type CGL 250.

[0153] FIG. 7 is a schematic plan view showing a pixel
arrangement configuration of an organic light emitting dis-
play device according to a third embodiment of the present
disclosure.

[0154] As shown in FIG. 7, the organic light emitting
display device includes a first bank 362, which extends
along a first direction “x” and is spaced apart from each
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other in a second direction “y” crossing the first direction
“x”, a second bank 364, which extends along the second
direction “y” and is spaced apart from each other in the first
direction “x”, and a third bank 366, which extends along the
first direction “x” and is positioned between the first banks

362.

[0155] The first and second banks 362 and 364 cross each
other to define the pixel P. The pixel P includes a first pixel
P1 and a second pixel P2, and the first and second pixels P1
and P2 are different color pixels.

[0156] The third bank 366 runs across the pixel P so that
the pixel P is divided into two regions by the third bank 366.
Namely, the first pixel P1 is divided into a first region P1-1
and a second region P1-2 by the third bank 366, and the
second pixel P2 is divided into a first region P2-1 and a
second region P2-2 by the third bank 366.

[0157] A first OLED including a first electrode 410 as an
anode is disposed in each of the first regions P1-1 and P2-1,
and a second OLED including a second electrode 420 as a
cathode is disposed in each of the second regions P1-2 and
pP2-2.

[0158] However, an arrangement of the first and second
OLEDs is not limited thereto.

[0159] In some embodiments of the present disclosure, the
first OLED and the second OLED may be disposed in the
first region P1-1 and the second region P1-2 in the first pixel
P1, respectively, and the second OLED and the first OLED
may be disposed in the first region P2-1 and the second
region P2-2 in the second pixel P2, respectively.

[0160] An upper surface of the first to third banks 362, 364
and 366 has a hydrophobic property. For example, each of
the first to third banks 362, 364 and 366 may include a lower
bank having a hydrophilic property and an upper bank
having an upper surface of a hydrophobic property. Namely,
each of the first to third banks 362, 364 and 366 may have
a double-layered structure.
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[0161] The first to third banks 362, 364 and 366 may have
the same thickness. Alternatively, a thickness of the third
bank 366 may be smaller than that of each of the first and
second banks 362 and 364.

[0162] The first to third banks 362, 364 and 366 may have
the same width.

[0163] In each of the first regions P1-1 and P2-1, the first
and third banks 362 and 366 are spaced apart from each
other by a first distance d1. In each of the second regions
P1-2 and P2-2, the first and third banks 362 and 366 are
spaced apart from each other by a second distance d2, which
may be substantially same as the first distance d1. Namely,
the first regions P1-1 and P2-1 may have substantially same
width and area as the second regions P1-2 and P2-2,
respectively.

[0164] FIG. 8 is a schematic plan view showing a pixel
arrangement configuration of an organic light emitting dis-
play device according to a fourth embodiment of the present
disclosure.

[0165] The pixel arrangement configuration of the organic
light emitting display device in FIG. 8 and the pixel arrange-
ment configuration of the organic light emitting display
device in FIG. 7 have a difference in a width of the first and
second regions.

[0166] Namely, in the organic light emitting display
device in FIG. 7, the first distance d1 between the first and
third banks 362 and 366 in each of the first regions P1-1 and
P2-1 and the second distance d2 between the first and third
banks 362 and 366 in each of the second regions P1-2 and
P2-2 are substantially same. In other words, the first regions
P1-1 and P2-1 and the second regions P1-2 and P2-2 have
substantially the same width, respectively.

[0167] In the organic light emitting display device in FIG.
8, the first and third banks 362 and 366 in each of the first
regions P1-1 and P2-1 are spaced apart from each other by
a third distance d3, and the first and third banks 362 and 366
in each of the second regions P1-2 and P2-2 are spaced apart
from each other by a fourth distance d4 being greater than
the third distance d3. In other words, the second regions
P1-2 and P2-2 have a width greater than the first regions
P1-1 and P2-1, respectively, and the second regions P1-2 and
P2-2 have an area greater than the first regions P1-1 and
P2-1, respectively.

[0168] The first OLED in each of the first regions P1-1 and
P2-1 has a normal structure, and the second OLED in each
of the second regions P1-2 and P2-2 has an inverted struc-
ture. A distance between an emitting material layer (EML)
and the second electrode in the second OLED is smaller than
that between the EML and the second electrode in the first
OLED so that the emitting efficiency of the second OLED in
the second region may be decreased by a plasmon effect. In
the organic light emitting display device of the present
disclosure, the problem of decrease of the emitting efficiency
can be prevented or minimized or at least reduced by
forming an area (or width) of the second region, in which the
second OLED is disposed, to be greater than that of the first
region, in which the first OLED is disposed.

[0169] FIG. 9 is a schematic plan view showing a pixel of
the organic light emitting display device according to the
third embodiment of the present disclosure.

[0170] As shown in FIG. 9, the organic light emitting
display device includes a gate line GL, a low potential
voltage line Vss, a high potential voltage line Vdd, a data
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line DL, a switching element Ts, a driving element Td, a first
OLED D1 and a second OLED D2 in one pixel P.

[0171] The gate line GL and the low potential voltage line
Vss extend along the first direction “x” to be spaced apart
from each other, and the date line DL and the high potential
voltage line Vdd extend along the second direction “y”,
which cross the first direction “x”, to be spaced apart from
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each other. For example, the second direction “y” may be
perpendicular to the first direction “x”.

[0172] The switching element Ts is connected to the gate
and data lines GL and DL and may include a semiconductor
layer, a gate electrode, a source electrode and a drain
electrode. In the switching element Ts, the gate electrode is
connected to the gate line GL, and the source electrode is
connected to the data line DL.

[0173] The driving element Td is connected to the high
potential voltage line Vdd and the switching element Ts and
may include a semiconductor layer, a gate clectrode, a
source electrode and a drain electrode. In the driving ele-
ment Td, the gate electrode is connected to the switching
element Ts, and the source electrode is connected to the high
potential voltage line Vdd.

[0174] The first and second OLEDs D1 and D2 are hori-
zontally disposed and constitute an OLED D. For example,
the structure of the OLED D may be referred to as a
horizontal tandem structure.

[0175] The first OLED D1 includes a first electrode 410,
a first organic light emitting layer and a p-type charge
generation layer (CGL), and the second OLED D2 includes
a second electrode 420, a second organic light emitting layer
and a p-type CGL. The p-type CGL has a size, e.g., a plane
area, greater than each of the first and second electrodes 410
and 420, and the first and second OLEDs D1 and D2 share
the p-type CGL.

[0176] The first electrode 410 of the first OLED D1 is
connected to the drain electrode of the driving element Td,
and the second electrode 420 of the second OLED D2 is
connected to the low potential voltage line Vss.

[0177] In the organic light emitting display device of the
present disclosure, each pixel P includes a first region P-1
and a second region P-2, and the first OLED D1 and the
second OLED D2 are respectively positioned in the first
region P-1 and the second region P-2.

[0178] The organic light emitting display device may
further include a storage capacitor Cst. The storage capacitor
Cst includes a first storage electrode, a second storage
electrode and a dielectric layer therebetween. The first
storage electrode is connected to the drain electrode of the
switching element Ts or the gate electrode of the driving
element Td, and the second storage electrode is connected to
the high potential voltage line Vdd or the source electrode of
the driving element Td.

[0179] In FIG. 9, the first and second regions P-1 and P-2
have the same area, and the first and second electrodes 410
and 420 have the same area. Alternatively, the second region
P-2 may have an area greater than the first region P-1, and
the second electrode 420 may have an area greater than the
first electrode 410.

[0180] In the organic light emitting display device of the
present disclosure, the first and second OLEDs D1 and D2
share the p-type CGL, and an uppermost layer of each of the
first and second OLEDs D1 and D2 is the p-type CGL.
Namely, in each of the first and second OLEDs D1 and D2,
an organic material layer is stacked on the EML without a
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high refractive index layer, e.g., a metal layer. Accordingly,
a problem of decrease of the light extraction efficiency in the
OLED, in which an uppermost layer is a second electrode,
by a difference of a refractive index between the organic
light emitting layer and the second electrode can be pre-
vented or at least reduced.

[0181] FIG. 10 is a cross-sectional view taken along the
line HI-III" in FIG. 9 according to one embodiment.
[0182] As shown in FIG. 10, in the organic light emitting
display device 300, the driving element Td, the first OLED
D1 and the second OLED D2 are formed on a first substrate
310 including a pixel P. The pixel P includes a first region
P-1 and a second region P-2.

[0183] In addition, the organic light emitting display
device 300 may further includes an organic material layer
370 covering the first and second OLEDs D1 and D2 and a
second substrate 380 on the organic material layer 370.
[0184] Each of the first and second substrates 310 and 380
may be a glass substrate or a flexible substrate. For example,
the flexible substrate may be a polyimide (PI) substrate, a
polyethersulfone (PES) substrate, a polyethylenenaphthalate
(PEN) substrate, a polyethylene terephthalate (PET) sub-
strate or a polycarbonate (PC) substrate.

[0185] A buffer layer 312 is formed on the first substrate
310, and the low potential voltage line Vss, which is formed
of'a conductive material, e.g., metal, is formed on the buffer
layer 312. Alternatively, the buffer layer 312 may be omit-
ted, and the low potential voltage line Vss may be formed on
the first substrate 310.

[0186] A second buffer layer 314 is formed on the low
potential voltage line Vss. Each of the first and second buffer
layers 312 and 314 may be formed of an organic insulating
material, e.g., silicon oxide or silicon nitride.

[0187] A semiconductor layer 320 is formed on the second
buffer layer 314. The semiconductor layer 320 may include
an oxide semiconductor material.

[0188] A gate insulating layer 322 is formed on the
semiconductor layer 320 and over an entire surface of the
first substrate 310. The gate insulating layer 322 may be
formed of an inorganic insulating material such as silicon
oxide (SiOx) or silicon nitride (SiNx).

[0189] A gate electrode 330, which is formed of a con-
ductive material, e.g., metal, is formed on the gate insulating
layer 322 to correspond to a center of the semiconductor
layer 320.

[0190] A gate line GL is formed on the gate insulating
layer 322.
[0191] An interlayer insulating layer 332, which is formed

of an insulating material, is formed on the gate electrode
330. The interlayer insulating layer 332 may be formed of an
inorganic insulating material, e.g., silicon oxide or silicon
nitride, or an organic insulating material, e.g., benzocy-
clobutene or photo-acryl.

[0192] The interlayer insulating layer 332 includes first
and second contact holes 334 and 336 exposing both sides
of the semiconductor layer 320. The first and second contact
holes 334 and 336 are positioned at both sides of the gate
electrode 330 to be spaced apart from the gate electrode 330.
[0193] A source electrode 340 and a drain electrode 342,
which are formed of a conductive material, e.g., metal, are
formed on the interlayer insulating layer 332. The source
electrode 340 and the drain electrode 342 are spaced apart
from each other with respect to the gate electrode 330 and
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respectively contact both sides of the semiconductor layer
320 through the first and second contact holes 334 and 336.
[0194] The semiconductor layer 320, the gate electrode
330, the source electrode 340 and the drain electrode 342
constitute the driving element Td. The driving element Td
may be a thin film transistor.

[0195] In addition, the data line DL and the high potential
voltage line Vdd are formed on the interlayer insulating
layer 332. Each of the data line DL and the high potential
voltage line Vdd may be formed of the same material as the
source electrode 340.

[0196] The high potential voltage line Vdd is connected to
the source electrode 340. For example, the source electrode
340 may extend from the high potential voltage line Vdd.
[0197] A switching element Ts, which is connected to the
gate line GL and the data line DL, is further disposed in each
pixel P. The switching element Ts may be a thin film
transistor. The switching element Ts may be connected to the
driving element Td.

[0198] Forexample, the switching element Ts may include
a semiconductor layer, a gate electrode, a source electrode
and a drain electrode. In the switching element Ts, the gate
electrode is connected to the gate line GL, the source
electrode is connected to the data line DL, and the drain
electrode is connected to the gate electrode 330 of the
driving element Td.

[0199] In each pixel P, a storage capacitor Cst for con-
stantly maintaining the voltage of the gate electrode 330 of
the driving element Td during one frame may be further
disposed.

[0200] A planarization layer 350 is formed on the source
electrode 340, the drain electrode 342, the data line DL and
the high potential voltage line Vdd and over an entire surface
of the first substrate 310. The planarization layer 350 pro-
vides a flat top surface and includes a drain contact hole 352
exposing the drain electrode 342 of the driving element Td
and a common contact hole 354 exposing the low potential
voltage line Vdd. The common contact hole 354 is formed
through the planarization layer 350, the interlayer insulating
layer 332, the gate insulating layer 322 and the second buffer
layer 314.

[0201] A first electrode 410 is formed on the planarization
layer 350 and in the first region P-1 of the pixel P, and the
second electrode 420 is formed on the planarization layer
350 and in the second region P-2 of the pixel P. The first
electrode 410 is separated in each pixel P, and the first and
second electrodes 410 and 420 in each pixel P are separated.
[0202] The first electrode 410 is connected to the drain
electrode 342 of the driving element Td through the drain
contact hole 352, and the second electrode 420 is connected
to the low potential voltage line Vss through the common
contact hole 354.

[0203] The first electrode 410 may be an anode and may
be formed of a conductive material having a relatively high
work function value.

[0204] The first electrode 410 may include a transparent
conductive oxide material layer formed of a transparent
conductive oxide (TCO). For example, the transparent con-
ductive oxide may be at least one of indium-tin-oxide (ITO),
indium-zinc-oxide (IZ0O), indium-tin-zinc oxide (ITZ0), tin
oxide (SnO), zinc oxide (ZnO), indium-copper-oxide (ICO)
and aluminum-zinc-oxide (Al:ZnO, AZO).

[0205] The first electrode 410 may further include a reflec-
tive layer under the transparent conductive oxide material

Jul. 4, 2024

layer. For example, the reflective layer may include silver
(Ag) or aluminum-palladium-copper alloy (APC). In the
top-emission type OLED D, the first electrode 410 may have
a double-layered structure of Ag/ITO or APC/ITO.

[0206] The first electrode 410 may further include a trans-
parent conductive oxide material layer under the reflective
layer. For example, the first electrode 410 may have a
triple-layered structure of ITO/Ag/ITO or ITO/APC/ITO.

[0207] The second electrode 420 may be a cathode and
may be formed of a conductive material having a relatively
low work function value.

[0208] For example, the second electrode 420 may be
formed of a material such as aluminum (Al), magnesium
(Mg), calcium (Ca), silver (Ag), Mg—Ag alloy (Ag:Mg) or
APC.

[0209] The second electrode 420 may be disposed at the
same layer and formed of the same material as the first
electrode 410.

[0210] For example, each of the first and second elec-
trodes 410 and 420 may be a reflective layer, and the first and
second electrodes 410 and 420 may be disposed at the same
layer. On the other hand, the first electrode 410 may have a
first work function value, and the second electrode 420 may
have a second work function value lower than the first work
function value.

[0211] A bank layer 360 covering edges of the first elec-
trode 410 and edges of the second electrode 420 is formed
on the planarization layer 350. The bank layer 360 may
include a first opening exposing the first region P-1 of the
pixel P and a second opening exposing the second region P-2
of the pixel P. The first electrode 410 is exposed in the first
opening, and the second electrode 420 is exposed in the
second opening.

[0212] The bank layer 360 includes a first bank 362
extending along the first direction “x”, a second bank 364
extending along the second direction “y” and a third bank
366 extending along the first direction “x” and positioned
between adjacent first banks 362. For example, the third
bank 366 may correspond to the low potential voltage line
Vss.

[0213] The first bank 362 is positioned between adjacent
pixels P in the second direction “y”, and the second bank 364
is positioned between adjacent pixels P in the first direction
“x”. The third bank 366 runs across the pixel P and is
positioned between adjacent first and second regions P-1 and
P-2 in the second direction “y”.

[0214] A first organic light emitting layer 430 is formed in
the first opening and on the first electrode 410, and a second
organic light emitting layer 440 is formed in the second
opening and on the second electrode 420. The first organic
light emitting layer 430 contacts the first electrode 410, and
the second organic light emitting layer 440 contacts the
second electrode 420.

[0215] The light having a first wavelength range is pro-
vided from the first organic light emitting layer 430, and the
light having a second wavelength range is provided from the
second organic light emitting layer 440. The first wavelength
range and the second wavelength range are same or differ-
ent.

[0216] For example, each of the first and second organic
light emitting layers 430 and 440 emits the light having a
wavelength range being one of red light, green or blue.
Alternatively, one of the first and second organic light
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emitting layers 430 may emit a blue light, and the other one
of' the first and second organic light emitting layers 430 may
emit a yellow-green light.

[0217] At least a part of the first organic light emitting
layer 430 and at least a part of the second organic light
emitting layer 440 may be formed by a solution process. For
example, the solution process may be an inkjet process or a
spin-coating process.

[0218] A p-type CGL 450 is formed over the first substrate
310 including the first and second organic light emitting
layers 430 and 440. For example, the p-type CGL 450 may
correspond to the first and second regions P-1 and P-2 and
may be separated in each pixel P. Namely, the p-type CGL
450 in one pixel P is presented as one-body, and the p-type
CGL 450 in one pixel P and the p-type CGL 450 in adjacent
pixel P may be separated.

[0219] The first organic light emitting layer 430 in the first
region P-1 and the second organic light emitting layer 440
in the second region P-2 are separated from each other by the
third bank 366, while the p-type CGL 450 may be continu-
ous in the first and second regions P-1 and P-2 and cover the
third bank 366.

[0220] For example, the p-type CGL 450 may have a
thickness of 100 to 300 A. The p-type CGL 450 may include
an organic material and a p-type dopant, and the p-type
dopant may have a weight % of 1 to 10 in the p-type CGL
450.

[0221] For example, the organic material of the p-type
CGL 450 may be an aromatic amine compound, e.g., 4,4',
4"-tris(3-methylphenylamino)triphenylamine; mTDATA),
N,N'-diphenyl-N,N'-bis(1-naphthyl)-1,1'-biphenyl-4,4"-di-
amine (NPD), or N,N'-bis[4-[bis(3-methylphenyl)amino]
phenyl]-N,N'-diphenyl-[1,1'-biphenyl]-4,4'-diamine
(DNTPD), but it is not limited thereto. The p-type dopant of
the p-type CGL 450 may be one of 2,3,5,6-tetratluoro-7,7,
8,8-tetracyano-quinodimethane(F4-TCNQ), 7-dicyanom-
ethylene-1,3,4,5,6,8,9,10-octafluoro-7H-pyren-2-ylidene)-
malononitrile (NDP-9), hexacyano-trimethylene-
cyclopropane (CN6-CP), but it is not limited thereto.
[0222] The p-type CGL 450 may be formed by a deposi-
tion process or a solution process.

[0223] For example, the first organic light emitting layer
430 may include a first emitting material layer (EML), a first
hole auxiliary layer under the first EML, a first electron
auxiliary layer on the first EML and a n-type CGL on the first
electron auxiliary layer, and the second organic light emit-
ting layer 440 may include a second EML, a second electron
auxiliary layer under the second EML and a second hole
auxiliary layer on the second EML.

[0224] The p-type CGL 450 in the first region P-1 may
contact the n-type CGL, and the p-type CGL 450 in the
second region P-2 may contact the second hole auxiliary
layer. As a result, a P-N junction CGL including the p-type
CGL 450 and the n-type CGL can be provided in the first
region P-1.

[0225] When the voltage is applied to the first and second
electrodes 410 and 420, an electron is transferred from the
n-type CGL into the first EML of the first OLED D1, and a
hole in the p-type CGL 450 in the first region P-1 is
transferred into the second EML through the p-type CGL
450 in the second region P-2.

[0226] Accordingly, in the first OLED D1, the hole from
the first electrode 410 and the electron from the n-type CGL
are combined at the first EML so that the light is emitted. In
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the second OLED d2, the electron from the second electrode
420 and the hole from the p-type CGL 450 are combined at
the second EML so that the light is emitted.

[0227] As described above, the p-type CGL 450 includes
the p-type dopant to have a relatively high conductivity. As
a result, there is a lateral current in the p-type CGL 450 so
that the hole in the p-type CGL 450 in the first region P-1 can
move into the p-type CGL 450 in the second region P-2.
[0228] Accordingly, each of the OLED D1 and the OLED
D2 horizontally arranged can emit light.

[0229] On the other hand, the hole in the p-type CGL 450
in one pixel P may be transferred into the p-type CGL 450
in adjacent pixel P by the lateral current in the p-type CGL
450. However, since the p-type CGL 450 in the pixels P are
separated from each other, the hole transfer into adjacent
pixel P can be prevented or at least reduced.

[0230] An organic material layer 370 is disposed on the
p-type CGL 450, and a second substrate 380 is disposed on
the organic material layer 370.

[0231] For example, the organic material layer 370 may
include a capping layer for enhancing a light extraction. In
addition, the organic material layer 370 may include an
encapsulation layer for preventing or at least reducing
moisture penetration. For example, the organic material
layer 370 may include the capping layer and the encapsu-
lation layer.

[0232] As described above, the p-type CGL 450 and the
organic material layer 370 are stacked on the first and second
organic light emitting layers 430 and 440 so that the problem
of decrease of the light extraction efficiency by a refractive
index difference at light path can be prevented or at least
reduced.

[0233] Namely, in the OLED including the second elec-
trode, which is formed of a material having a high refractive
index, at an uppermost layer, the light extraction efficiency
is decreased by a refractive index difference between the
organic light emitting layer and the second electrode.
[0234] However, in the organic light emitting display
device 300 of the present disclosure, the first and second
electrodes 410 and 420 are respectively disposed at a lowest
layer of the first and second OLEDs D1 and D2, and there
are layers formed of an organic material at light path. As a
result, the above problem of decrease of the light extraction
efficiency can be prevented or minimized or at least reduced.
[0235] FIG. 11 is a cross-sectional view taken along the
line IV-IV' in FIG. 9 and showing an OLED.

[0236] FIG. 11 shows the first and second OLEDs D1 and
D2 and the second and third banks 364 and 366 of the bank
layer 360. Since elements between the first substrate 310 and
the planarization layer 350 and elements between the OLED
D and the second substrate 380 have been described, illus-
tration and description thereof are omitted.

[0237] As shown in FIG. 11, in the organic light emitting
display device of the present disclosure, the first OLED D1
and the second OLED D2 are horizontally disposed so that
the OLED D in the organic light emitting display device has
a horizontal tandem structure.

[0238] The first OLED D1 is positioned in the first region
P-1 surrounded by the first to third banks 362, 364 and 366,
and the second OLED D2 is positioned in the second region
P-2 surrounded by the first to third banks 362, 364 and 366.
The first and second OLEDs D1 and D2 are disposed on the
planarization layer 350.
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[0239] The first OLED D1 includes the first electrode 410
as an anode and the first organic light emitting layer 430, and
the first organic light emitting layer 430 includes a first EML
436 on the first electrode 410, a first hole auxiliary layer
between the first electrode 410 and the first EML 436 and an
n-type CGL 438 on the first EML 436. The first hole
auxiliary layer may include a first hole injection layer (HIL)
432 and a first hole transporting layer (HTL) 434. In
addition, the first organic light emitting layer 430 may
further include a first electron auxiliary layer between the
first EML 436 and the n-type CGL 438.

[0240] The second OLED D2 includes the second elec-
trode 420 as a cathode and a second organic light emitting
layer 440, and the second organic light emitting layer 440
includes a second EML 444 on the second electrode 420, a
second electron auxiliary layer 442 between the second
electrode 420 and the second EML 444 and a second hole
auxiliary layer on the second EML 444. The second hole
auxiliary layer may include a second HIL 448 and a second
HTL 446. The second electron auxiliary layer may be an
electron transporting layer (ETL), and the second organic
light emitting layer 440 may further include an electron
injection layer (EIL) between the second electrode 420 and
the second electron auxiliary layer 442.

[0241] The p-type CGL 450 is formed on the n-type CGL
438 in the first region P-1 and the second hole auxiliary layer
448 in the second region P-2.

[0242] The OLED in FIG. 11 and the OLED in FIG. 6
have a difference in the first and second electrodes 410 and
420.

[0243] The first electrode 410 may include a first trans-
parent conductive oxide material layer 412, a second trans-
parent conductive oxide material layer 416 under the first
transparent conductive oxide material layer 412 and a reflec-
tive layer 414 between the first and second transparent
conductive oxide material layers 412 and 416. For example,
each of the first and second transparent conductive oxide
material layers 412 and 416 may be formed of ITO, and the
reflective layer may be formed of Ag or Al. The first
electrode 410 may have a triple-layered structure.

[0244] The second electrode 420 may include a reflective
layer 424 and a transparent conductive oxide material layer
426 under the reflective layer 424. For example, the trans-
parent conductive oxide material layer 426 may be formed
of ITO, and the reflective layer 424 may be formed of Ag or
Al. The second electrode 420 may have a double-layered
structure.

[0245] Namely, each of the first and second electrodes 410
and 420 is a reflective electrode, and the first and second
electrodes 410 and 420 are disposed at the same layer.
However, a top surface of the first electrode 210 is the first
transparent conductive oxide material layer 412 having a
relative high work function value, and a top surface of the
second electrode 220 is the reflective layer 424 having a
relative low work function value.

[0246] Alternatively, the first electrode 410 may have a
double-layered structure including the transparent conduc-
tive oxide material layer 412 and the reflective layer 414,
and the second electrode 420 may have a single-layered
structure of the reflective layer 424.

[0247] The first and second electrodes 410 and 420 may be
formed by a half-tone mask process using a half-tone mask.
[0248] For example, the half-tone mask process may be
performed as below.
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[0249] After a first transparent conductive oxide layer, a
reflective material layer, a second transparent conductive
oxide layer and a photo-resist (PR) layer are sequentially
formed, a half-tone mask including a blocking part, which
corresponds to the first region P-1, a half-transmissive part,
which corresponds to the second region P-2, and a trans-
missive part, which corresponds to other regions except the
first and second regions P-1 and P-2, is disposed over the PR
layer.

[0250] Next, by performing an exposing step, a develop-
ing step and an etching step to the PR layer, a first PR pattern
corresponding to the first region P-1 and having a first
thickness and a second PR pattern corresponding to the
second region P-2 and having a second thickness, which is
smaller than the first thickness, are formed.

[0251] Next, the first transparent conductive oxide layer,
the reflective material layer and the second transparent
conductive oxide layer are etched using the first and second
PR patterns as an etching mask.

[0252] Next, by performing an ashing step to the first and
second PR patterns, a thickness of the first PR pattern is
reduced, and the second PR pattern is removed.

[0253] Next, by removing the second transparent conduc-
tive oxide layer in the second region P-2 and exposing the
reflective material layer in the second region P-2 using the
first PR pattern as a blocking mask, the first electrode 410,
which has a triple-layered structure of the first transparent
conductive oxide material layer 412, the reflective layer 414
and the second transparent conductive oxide material layer
416, and the second electrode 420, which has a double-
layered structure of the transparent conductive oxide mate-
rial layer 426 and the reflective layer 424, are respectively
formed in the first and second regions P-1 and P-2.

[0254] In FIGS. 1 to 11, the first organic light emitting
layer including the n-type CGL is formed on the first
electrode as an anode, and the p-type CGL is formed in the
first and second regions. As a result, the first and second
OLEDs share the p-type CGL.

[0255] Alternatively, the second organic light emitting
layer including the p-type CGL may be formed on the
second electrode as a cathode, and the n-type CGL may be
formed in the first and second regions. As a result, the first
and second OLEDs share the n-type CGL.

[0256] For example, a first organic light emitting layer
including a first hole auxiliary layer, which includes at least
one of an HIL and an HTL, a first EML and a first electron
auxiliary layer, e.g., a first ETL, may be formed on the first
electrode in the first region, and a second organic light
emitting layer including a second electron auxiliary layer,
which includes at least one of an EIL and an ETL, a second
EML, a second hole auxiliary layer, which includes at least
one of an HIL. and an HTL, and a p-type CGL may be formed
on the second electrode in the second region. An n-type CGL
may be formed on the first and second organic light emitting
layers in the first and second regions. In this case, the first
electron auxiliary layer in the first region may contact the
n-type CGL, and the p-type CGL in the second region may
contact the n-type CGL.

[0257] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiments of the present disclosure without departing
from the spirit or scope of the present disclosure. Thus, it is
intended that the modifications and variations cover this
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disclosure provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. An organic light emitting display device, comprising:

a first substrate including a first pixel, the first pixel
including a first region and a second region;

a first electrode in the first region and on the first substrate,
the first electrode having a first work function value;

a second electrode in the second region and on the first
substrate, the second electrode having a second work
function value that is less than the first work function
value;

a first organic light emitting layer on the first electrode;

a second organic light emitting layer on the second
electrode; and

a p-type charge generation layer in the first region and the
second region, the p-type charge generation layer on
the first organic light emitting layer and the second
organic light emitting layer.

2. The organic light emitting display device according to
claim 1, wherein the first organic light emitting layer
includes:

a first emitting material layer;

a first hole auxiliary layer between the first electrode and

the first emitting material layer;

a first electron auxiliary layer between the first emitting
material layer and the p-type charge generation layer;
and

an n-type charge generation layer between the first elec-
tron auxiliary layer and the p-type charge generation
layer; and

wherein the second organic light emitting layer includes:
a second emitting material layer;

a second electron auxiliary layer between the second
electrode and the second emitting material layer; and

a second hole auxiliary layer between the second
emitting material layer and the p-type charge gen-
eration layer.

3. The organic light emitting display device according to
claim 2, wherein a distance between the second electrode
and the second emitting material layer is less than a distance
between the first electrode and the first emitting material
layer.

4. The organic light emitting display device according to
claim 3, wherein an area of the second region is greater than
an area of the first region.

5. The organic light emitting display device according to
claim 1, further comprising:

a first bank extending along a first direction, the first bank

at a first edge of the first pixel;

a second bank extending along a second direction, the
second bank at a second edge of the first pixel; and

a third bank extending along the second direction, the
third bank between the first region and the second
region,

wherein the first direction and the second direction cross
each other.

6. The organic light emitting display device according to
claim 5, wherein the first bank has a first width, and the
second bank has a second width, and

wherein the third bank has a third width that is less than
each of the first width and the second width.
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7. The organic light emitting display device according to
claim 6, wherein the first substrate further includes a second
pixel adjacent to the first pixel in the first direction,

wherein the p-type charge generation layer extends into

the second pixel.

8. The organic light emitting display device according to
claim 5, wherein a distance between the second bank and the
third bank in the first region is equal to a distance between
the second bank and the third bank in the second region.

9. The organic light emitting display device according to
claim 5, wherein a distance between the second bank and the
third bank in the first region is different from a distance
between the second bank and the third bank in the second
region.

10. The organic light emitting display device according to
claim 5, wherein a thickness of the first bank is less than a
thickness of each of the second bank and the third bank.

11. The organic light emitting display device according to
claim 1, wherein the p-type charge generation layer has an
island shape in the first pixel.

12. The organic light emitting display device according to
claim 1, wherein the first organic light emitting layer pro-
vides a light having a first wavelength range, and the second
organic light emitting layer provides a light having a second
wavelength range, and

wherein the first wavelength range is same as the second

wavelength range.

13. The organic light emitting display device according to
claim 1, wherein the first organic light emitting layer pro-
vides a light having a first wavelength range, and the second
organic light emitting layer provides a light having a second
wavelength range, and

wherein the first wavelength range is different from the

second wavelength range.

14. The organic light emitting display device according to
claim 1, further comprising:

a driving element connected to the first electrode;

a high potential voltage line connected to the driving

element; and

a low potential voltage line connected to the second

electrode.

15. The organic light emitting display device according to
claim 1, wherein each of the first organic light emitting layer
and the second organic light emitting layer are formed by a
solution process, and the p-type charge generation layer is
formed by a deposition process.

16. The organic light emitting display device according to
claim 1, wherein the p-type charge generation layer includes
an organic material and a p-type dopant.

17. The organic light emitting display device according to
claim 1, wherein the first electrode is an anode, and the
second electrode is a cathode.

18. The organic light emitting display device according to
claim 17, wherein the first electrode includes a first reflective
layer and a first transparent conductive oxide material layer
on the first reflective layer, and the second electrode includes
a second reflective layer, and

wherein the second reflective layer comprises a same

material as the first reflective layer, the second reflec-
tive layer and the first reflective layer on a same layer.

19. The organic light emitting display device according to
claim 18, wherein the first electrode further includes a
second transparent conductive oxide material layer under the
first reflective layer, and the second electrode further
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includes a third transparent conductive oxide material layer
under the second reflective layer, and
wherein the third transparent conductive oxide material
layer comprises a same material as the second trans-
parent conductive oxide material layer, the third trans-
parent conductive oxide material layer and the second
transparent conductive oxide material layer on a same
layer.
20. The organic light emitting display device according to
claim 1, further comprising:
an organic material layer on the p-type charge generation
layer; and
a second substrate on the organic material layer.
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