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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] Korean Patent Applications No. 10-2013-0060057,
filed on May 28, 2013, in the Korean Intellectual Property
Office (KIPO), the contents of which are incorporated herein
in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments relate generally to an
organic light emitting diode display and a manufacturing
method thereof.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device, e.g., an
organic light emitting diode (OLED) display device, is a light
emissive type light emitting element. In the organic light
emitting display device, a certain wavelength of light is gen-
erated from the energy of exitons, which are formed by
recombination of electrons and holes injected into a light
emitting layer. The electrons are injected to the light emitting
layer from an electron injection electrode and the holes are
injected to the light emitting layer from a hole injection elec-
trode.

[0006] Theorganic light emitting display device is the light
emissive type light emitting element which does not need an
additional light source, e.g., does not require a separate back-
light unit. The organic light emitting display device has
advantages of a wide viewing angle, fast response speed, and
thin thickness.

SUMMARY

[0007] According to some example embodiments, an
organic light emitting diode display includes a substrate
including a thin film transistor, a plurality of pixels on a pixel
area of the substrate, a plurality of auxiliary electrodes
between the pixels, an opposite electrode on the pixels and on
the auxiliary electrodes, the opposite electrode being electri-
cally connected to the auxiliary electrodes, and including a
same material as the auxiliary electrodes, and a power supply
electrode on the substrate, the power supply electrode being
in aperiphery of the pixel area and being configured to supply
power to the pixels.

[0008] In example embodiments, the auxiliary electrodes
may be formed between the pixels in a longitudinal direction
of the substrate.

[0009] In example embodiments, the auxiliary electrodes
may be formed between the pixels in a horizontal direction of
the substrate.

[0010] In example embodiments, the auxiliary electrodes
may be formed between the pixels in a longitudinal and a
horizontal direction of the substrate.

[0011] In example embodiments, the auxiliary electrodes
may be formed in straight lines.

[0012] In example embodiments, the auxiliary electrodes
may be formed in dotted lines.

[0013] In example embodiments, the auxiliary electrodes
may be disposed under the opposite electrode and the auxil-
iary electrodes may be thicker than the opposite electrode.
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[0014] In example embodiments, only the opposite elec-
trode among the opposite electrode and the auxiliary elec-
trodes may overlap the pixels.

[0015] In example embodiments, the power supply elec-
trode may be disposed on the periphery of the pixel area and
the power supply electrode may have the same height as the
opposite electrode that is in the pixel area.

[0016] In example embodiments, the power supply elec-
trode may be disposed on both sides of the substrate along an
edge of the substrate in a row.

[0017] In example embodiments, the power supply elec-
trode 1s disposed on one side of the substrate along an edge of
the substrate in a row.

[0018] According to an aspect of another embodiment, a
method of manufacturing an organic light emitting display
device includes forming a pixel electrode on a pixel area of a
substrate, which includes a thin film transistor, the pixel elec-
trode being electrically connected to the thin film transistor,
forming a pixel defining layer having an opening exposing the
pixel electrode on the substrate, forming an intermediate
layer including a light emitting layer on the pixel electrode
exposed through the opening of the pixel defining layer, form-
ing a plurality of auxiliary electrodes on the pixel defining
layer, the auxiliary electrodes being between the pixels, form-
ing an opposite electrode on the intermediate layer and on the
auxiliary electrodes, the opposite electrode being electrically
connected to the auxiliary electrodes and being formed of a
same material as the auxiliary electrodes, and forming a
power supply electrode on the substrate, the power supply
electrode being in a periphery of the pixel area and being
configured to supply power to the pixels.

[0019] In example embodiments, the method may further
include forming a power supply electrode on a periphery of
the substrate.

[0020] In example embodiments, the intermediate layer
may comprise a first common layer, the light emitting layer,
and a second common layer.

[0021] In example embodiments, the first common layer
and the second common layer may be overlapped with the
pixel defining layer and the pixel electrode and wherein the
light emitting layer may be formed on the pixel electrode.
[0022] In example embodiments, the first common layer
may comprise a hole injection layer and a hole transport layer
which are sequentially stacked.

[0023] Inexampleembodiments, the second common layer
may comprise an electron transport layer and an electron
injection layer which are sequentially stacked.

[0024] In example embodiments, the auxiliary electrodes
may be thicker than the opposite electrode.

[0025] In example embodiments, the power supply elec-
trode may be on the substrate and has the same height with the
auxiliary electrode and the opposite electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Illustrative, non-limiting example embodiments
will be more clearly understood from the following detailed
description taken in conjunction with the accompanying
drawings, in which:

[0027] FIG. 1isa plane view of an arrangement of a pixel
and an electrode of an organic light emitting diode display
according to one example embodiment.

[0028] FIG. 2 is a cross-sectional view of the organic light
emitting diode display of FIG. 1.
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[0029] FIG. 3 is a plane view of an arrangement of a pixel
and an electrode of an organic light emitting diode display
according to another example embodiment.

[0030] FIG. 4 is a plane view of an arrangement of a pixel
and an electrode of an organic light emitting diode display
according to still another example embodiment.

[0031] FIG. 5 is a flowchart of a method of manufacturing
an organic light emitting diode display according to one
example embodiment.

[0032] FIGS. 6A and 6F are cross-sectional views of stages
in the method of FIG. 5.

DETAILED DESCRIPTION

[0033] Various example embodiments will be described
more fully hereinafter with reference to the accompanying
drawings, in which some example embodiments are shown.
Embodiments may, however, be embodied in many different
forms and should not be construed as limited to those set forth
herein. Rather, these example embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey exemplary implementations to those skilled in
the art. In the drawings, the sizes and relative sizes of layers
and regions may be exaggerated for clarity. Like reference
numerals refer to like elements throughout.

[0034] It will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are used to distinguish one element from
another. Thus, a first element discussed below could be
termed a second element without departing from the teach-
ings of the embodiments. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0035] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
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 inter-
vening elements present. Other words used to describe the
relationship between elements should be interpreted in a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” “on” versus “directly on,”
etc.).

[0036] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting. As used herein, the singular forms
“a,”“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0037] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art. It
will be further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
ameaning that is consistent with their meaning in the context
of the relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
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[0038] FIG. 1isa plane view illustrating an arrangement of
a pixel and an electrode of an organic light emitting diode
display according to one example embodiment. FIG. 2 is a
cross-sectional view illustrating the organic light emitting
diode display of FIG. 1.

[0039] Referring to FIG. 1, an organic light emitting diode
display 100 may include a substrate 110, a pixel Px, an aux-
iliary electrode 150, an opposite electrode 160, and a power
supply electrode 170.

[0040] The substrate 110 may include a transparent glass
material, a plastic material, or a metal foil, but is not limited
thereto. Thus, a substrate that is generally used in an organic
light emitting diode display may be used. The substrate 110
exhibits good mechanical strength, thermal stability, trans-
parency, surface smoothness, easy usage, and good water
proofing property.

[0041] The pixel Px may be arranged in a matrix shape at
constant distance in a pixel area PA. The pixel Px may emit
red (R), green (G), and blue (B) colors based on the material
that forms a light emitting layer.

[0042] The auxiliary electrode 150 may be disposed on the
substrate 110 between pixels Px in a longitudinal direction of
the substrate 110 in the pixel area PA. For example, the
auxiliary electrode 150 may be disposed, e.g., only, between,
e.g., adjacent, pixels Px so that light emission of the pixel Px
is not affected.

[0043] The auxiliary electrode 150 may be formed under
the opposite electrode 160. The opposite electrode 160 covers
the pixel area PA at uniform thickness. The auxiliary elec-
trode 150 may be formed thicker than the opposite electrode
160, and may be electrically connected to the opposite elec-
trode 160. The connection of the auxiliary electrode 150 and
the opposite electrode 160 may prevent a non-uniform lumi-
nance defect caused by IR-drop in a large-scaled substrate
110.

[0044] For example, the auxiliary electrode 150 may be
formed in, e.g., continuous, straight lines. In another
example, the auxiliary electrode 150 may be formed in dotted,
e.g., discontinuous, lines to compensate for a tensile force of
amask.

[0045] The opposite electrode 160 may be formed on the
entire substrate 110 at a thin thickness. The IR-drop that is
caused by the thin opposite electrode 160 may be compen-
sated by the auxiliary electrode 150. The auxiliary electrode
150 is electrically connected to the opposite electrode 160.
The thickness and structure of the auxiliary electrode 150 and
the opposite electrode 160 will be described in more detail
below with reference to FIG. 2.

[0046] The power supply electrode 170 is connected to an
externally provided power supply to supply power to each
pixel Px. The power supply electrode 170 may be disposed on
a periphery of the pixel area PA along both sides of the
substrate 110.

[0047] When the substrate 110 e.g., has a large size, e.g,,
large scale, IR-drop 1s formed at a region of the substrate 110
spaced apart from the power supply electrode 170. Thus,
luminance may be non-uniform. However, in the present
example embodiment, the power supply electrodes 170 are
formed along both sides of the substrate, so that the power is
evenly supplied all over the substrate 110. When the thickness
of the power supply line 170 is increased, the IR-drop may be
compensated. When the substrate 110 has a small size, e.g,,
small scale, the organic light emitting diode display 100 may
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be manufactured with uniform luminance although the power
supply electrode 170 is disposed along only one side of the
substrate 110.

[0048] Referring to FIG. 2, the organic emitting diode dis-
play 100 may further include a pixel electrode 120, a pixel
defining layer 130, and an intermediate layer 140 on the
substrate 110.

[0049] As described previously, the substrate 110 may
include a transparent glass material, a plastic material, or a
metallic foil, but is not limited thereto. Thus, a substrate that
is generally used in an organic light emitting diode display
may be used. The substrate 110 has good mechanical
strength, thermal stability, transparency, surface smoothness,
easy usage, and good water proofing property. Although not
illustrated in the figures, the substrate 110 may include at least
one thin film transistor and/or a capacitor. A pixel circuit may
be implemented using the thin film transistor and the capaci-
tor.

[0050] The pixel electrode 120 may be formed on the sub-
strate 110. The pixel electrode 120 may be connected to the
thin film transistor (not shown) through a via-hole (not
shown). The pixel electrode 120 may include a transmission
electrode or a reflective electrode based on a display type of
the organic light emitting diode display 100. The display type
may be a top illumination type or a bottom illumination type.
[0051] When the pixel electrode 120 is a transmission elec-
trode, the pixel electrode 120 may include a transparent con-
ductive material, e.g., indium tin oxide (ITO), indium zinc
oxide (I1ZO), zine tin oxide (ZTO), zinc oxide (ZnO,) or tin
oxide (SnQO,). When the pixel electrode 120 is a reflective
electrode, the pixel electrode 120 may include a reflective
layer, e.g., at least one of silver (Ag), magnesium (Mg),
aluminum (Al), platinum (Pt), palladium (Pd), silver (Au),
chromium (Cr), tungsten (W), molybdenum (Mo), titanium
(Ti) and a combination thereof, and a layer of at least one of,
e.g., indium tin oxide (ITO), indium zinc oxide (IZ0), zinc
oxide (Zn0O,) or tin oxide (SnO,).

[0052] The pixel defining layer 130 may be formed on the
pixel electrode 120. The pixel defining layer 130 may contain
various insulating materials, and includes an opening expos-
ing a predetermined area of the pixel electrode 120.

[0053] An emission area A, i.e., a pixel area of the organic
light emitting diode display 100, and a non-emission area B,
i.e., a non-pixel area of the organic light emitting diode dis-
play 100, are defined by the pixel defining layer 130 formed.
That is, the pixel electrode 120 exposed by the pixel defining
layer 130 is in the emission area A, while a covered part of the
pixel electrode 120 and the pixel defining layer 130 are in the
non-emission area B.

[0054] The pixel defining layer 130 may be formed of an
organic material, an inorganic material, or an organic-inor-
ganic material multi layer. The inorganic material may
include at least one of, e.g., silicon dioxide (Si0,), silicon
nitride (SiN,), and silicon oxynitride (SiON). The organic
material may include at least one of, e.g., an acryl-based
organic compound, polyamide, and polyimide, which are
organic insulating materials.

[0055] The intermediate layer 140 may be formed on the
exposed portion of the pixel electrode 120. The intermediate
layer 140 may be formed not only on the pixel electrode 120
but also on partial area of the pixel defining layer 130.
[0056] The intermediate layer 140 includes a first common
layer 142, a light emitting layer 144, and a second common
layer 146 which are sequentially stacked. When power is
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applied to the pixel electrode 120 and the opposite electrode
140, the light emitting layer 144 emits light.

[0057] Thefirst common layer 142 and the second common
layer 146 may be formed on the pixel electrode 120 and the
pixel defining layer 130 commonly, and the light emitting
layer 144 may be formed, e.g., only, on the pixel electrode
120. The first common layer 142 may include a hole injection
layer (HIL) and a hole transport layer (HTL), which are
sequentially stacked, and the second common layer 146 may
include an electron transport layer (ETL) and an electron
injection layer (EIL), which are sequentially stacked. Besides
these layers, other layers may be disposed as necessary. The
light emitting layer 144 may be formed of low molecular
organic materials, e.g., tris-8-hydroxyquinoline aluminum
(Alg3), naphthalene-1-yl-N,N'-diphenyl-benzidine (NPB),
and the like, or of high molecular organic materials, e.g.,
polyphenylene vinylene (PPV), polyfluorene, and the like.

[0058] The auxiliary electrode 150 may be formed on, e.g,,
directly on, the pixel defining layer 130, which is not over-
lapped with the intermediate layer 140. In other words, the
auxiliary electrode 150 is disposed in the non-emission area
B, so that light emission of the pixel is not affected. Further,
the auxiliary electrode 150 may be disposed under the oppo-
site electrode 160, e.g., the auxiliary electrode 150 may be
between the pixel defining layer 130 and the opposite elec-
trode 160, and may be electrically connected to the opposite
electrode 160. The auxiliary electrode 150 which is formed
thicker than the opposite electrode may prevent IR-drop in a
large-scaled substrate 110.

[0059] The auxiliary electrode 150 may be formed of a
same material as the opposite electrode 160, and may be
formed thicker than about 1500 A. The thickness of the aux-
iliary electrode 150 may be changed considering a scale of the
substrate 110, a thickness of the pixel electrode 120, the
intermediate layer 140 and the pixel defining layer 130, and
the like.

[0060] The opposite electrode 160 is formed to cover the
entire pixels Px. That is, the opposite electrode 160 is formed
on the pixel defining layer 130, the intermediate layer 140,
and the auxiliary electrode 150. The opposite electrode 160 is
electrically connected to the auxiliary electrode 150 because
the opposite electrode 160 is formed of the same material as
the auxiliary electrode 150.

[0061] When the opposite electrode 160 is thickly formed
on the pixel electrode 120, on which impurities remain, a
short circuit may occur because the material of the opposite
electrode 160 flows into the pixel electrode 120. Therefore, a
dark spot defect may be generated by the short circuit.

[0062] Inordertopreventthe dark spot defectcaused by the
short circuit between the pixel electrode 120 and the opposite
electrode 160, the opposite electrode 160 may be formed
thinly within a range of about 300 A to about 1500 A. Accord-
ingly, such a thin opposite electrode 160 may prevent the
material of the opposite electrode 160 from flowing into the
pixel electrode 120. Further, as described above, the IR-drop
that may be caused by the thin opposite electrode 160 is
compensated by the thick auxiliary electrode 150.

[0063] In the present example embodiment, the thickness
of the opposite electrode 160 is assumed from 300 A to 1500
A. However, the thickness of the opposite electrode 160 is not
limited thereto, and the thickness of the opposite electrode
160 may have diverse range considering the scale of the
substrate 110 and the thickness of the organic layer.
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[0064] The opposite electrode 160 may include a transmis-
sion electrode or a reflective electrode. When the opposite
electrode 160 is a transmission electrode, the material of the
opposite electrode 160 may be one of, e.g., lithium (Li),
calcium (Ca), lithium fluoride/calcium (LiF/Ca), lithium
fluoride/aluminum (LiF/Al), aluminum (Al), magnesium
(Mg), argentums (Ag), chrome (Cr), tungsten (W), molyhde-
num (Mo), titanium (Ti), and a combination thereof.

[0065] The power supply electrode 170 may be formed on
a periphery of the pixel area PA area along the side of the
substrate 110. As described previously, when the thin oppo-
site electrode 160 is formed to prevent the short circuit
between the pixel electrode 120 and the opposite electrode
160, which is caused by impurities that remain on the pixel
electrode 120, non-uniform luminance defect caused by IR-
drop may be generated in a large-scale substrate 110. The IR
drop may be compensated by forming the power supply elec-
trode 170 thickly.

[0066] Thus, the power supply electrode 170 may be thick
and may extend to a same height as the opposite electrode 160
in the pixel area, e.g., an upper surface of the power supply
electrode 170 may be level with an upper surface of the
opposite electrode 160 in the pixel area. For example, on an
upper surface of the substrate 110, the pixel defining layer 130
may be formed at about 1500 A, the auxiliary electrode 150
may be formed at about 1500 A, and the opposite electrode
160 may be formed at about 300 A. Further, the power supply
electrode 170 may be formed directly on the upper surface of
the substrate 110 to a thickness of about 3300 A, i.e, a
thickness that equals a sum of the thicknesses of the pixel
defining layer 130, the auxiliary electrode 150, and the oppo-
site electrode 160 sequentially stacked on the substrate 110.

[0067] The power supply electrode 170 may be formed of
low resistance metal, e.g., aluminum (Al), silver (Ag), chro-
mium (Cr), aluminum-neodymium (AINd), and/or alumi-
num/molybdenum (Al/Mo). However, the power supply elec-
trode 170 is not limited thereto, and may include various
metal materials.

[0068] In the present example embodiment, the pixel elec-
trode 120 and the opposite electrode 160 are assumed to be an
anode electrode and a cathode electrode, respectively. How-
ever, embodiments are not limited thereto, and the polarity of
the pixel electrode 120 and the opposite electrode 160 may be
the opposite thereto. Furthermore, materials forming the
pixel electrode 120 and the opposite electrode 160 are illus-
trative examples. Thus, other materials may be used to form
the pixel electrode 120 and the opposite electrode 160.

[0069] FIG. 3 isa plane view illustrating an arrangement of
a pixel and an electrode of an organic light emitting diode
display according to another example embodiment.

[0070] Referring to FIG. 3, an organic light emitting diode
display 200 may include a substrate 210, the pixel Px, an
auxiliary electrode 250, an opposite electrode 260, and a
power supply electrode 270.

[0071] The substrate 210 may include a transparent glass
material, a plastic material, or a metal foil, but is not limited
thereto. Thus, a substrate that is generally used in an organic
light emitting diode display may be used. The substrate 210
has good mechanical strength, thermal stability, transparency,
surface smoothness, easy usage, and good water proofing
property.

[0072] The pixel Px may be arranged in a matrix shape at a
constant distance in the pixel area PA. The pixel Px may emit
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red (R), green (G)m and blue (B) colors based on the material
that forms a light emitting layer.

[0073] The auxiliary electrode 250 may be disposed on the
substrate 210 between pixels Px in a horizontal direction of
the substrate 210 in the pixel area PA. For example, a longi-
tudinal direction of the auxiliary electrode 250 may be per-
pendicular to a longitudinal direction of the power supply
electrode 270, e.g., as compared to longitudinal directions of
the auxiliary electrode 150 and the power supply electrode
170 in FIG. 1 that are parallel to each other. The auxiliary
electrode 250 is disposed between the pixels Px so that light
emission of the pixel Px is not affected.

[0074] The auxiliary electrode 250 may be formed under
the opposite electrode 260. The opposite electrode 260 covers
the pixel area PA at a uniform thickness. The auxiliary elec-
trode 250 may be formed thicker than the opposite electrode
260, and may be electrically connected to the opposite elec-
trode 260. The connection of the auxiliary electrode 250 and
the opposite electrode 260 may prevent non-uniform lumi-
nance defect caused by IR-drop in a large-scaled substrate
210. For example, the auxiliary electrode 250 may be formed
in straight lines. In another example, the auxiliary electrode
250 may be formed in dotted lines to compensate for a tensile
force of a mask.

[0075] The opposite electrode 260 may be formed on the
entire substrate 210 at a thin thickness. The IR-drop that is
caused by the thin opposite electrode 260 may be compen-
sated by the auxiliary electrode 250. The auxiliary electrode
250 is electrically connected to the opposite electrode 260.
The structure of the opposite electrode 260, as well as the
relative thickness of the auxiliary electrode 250 and the oppo-
site electrode 260, are the same as those of the respective
auxiliary electrode 150 and opposite electrode 160 described
previously with reference to FIG. 2.

[0076] The power supply electrode 270 is connected to an
externally provided power supply to supply the power to each
pixel Px. The power supply electrode 270 may be disposed on
a periphery of the pixel area PA along both side of the sub-
strate 210.

[0077] When the substrate 210 has large scale, IR-drop is
formed at a region of the substrate 210 spaced apart from the
power supply electrode 270. Thus, luminance may be non-
uniform. However, in the present example embodiment, the
power supply electrodes 270 are formed along both sides of
the substrate so that the power is evenly supplied all over the
substrate 210. When the thickness of the power supply line
270 is increased, the IR-drop may be compensated. When the
substrate 210 has small scale, the organic light emitting diode
display 200 may be manufactured with a uniform luminance
although the power supply electrode 270 is disposed along
only one side of the substrate 210.

[0078] FIG. 4is a plane view illustrating an arrangement of
a pixel and an electrode of an organic light emitting diode
display according to still another example embodiment.

[0079] Referring to FIG. 4, an organic light emitting diode
display 300 may include a substrate 300, the pixel Px, an
auxiliary electrode 350, an opposite electrode 360, and a
power supply electrode 370.

[0080] The substrate 310 may include a transparent glass
material, a plastic material, or a metal foil, but is not limited
thereto. Thus, a substrate that is generally used in an organic
light emitting diode display may be used. The substrate 310
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has good mechanical strength, thermal stability, transparency,
surface smoothness, easy usage, and good water proofing
property.

[0081] The pixel Px may be arranged in a matrix shape at a
constant distance in the pixel area PA. The pixel Px may emit
red (R), green (G), and blue (B) colors based on the material
that forms a light emitting layer.

[0082] The auxiliary electrode 350 may be disposed on the
substrate 310 between pixels

[0083] Px in a longitudinal direction and in a horizontal
direction of the substrate 310 in the pixel area PA. For
example, as illustrated in FIG. 4, the auxiliary electrode 350
may have an approximate grid pattern, so the pixels Px may
be positioned in openings defined by the grid pattern. The
auxiliary electrode 350 is disposed between the pixels Px so
that light emission of the pixel Px is not affected.

[0084] The auxiliary electrode 350 may be formed under
the opposite electrode 360. The opposite electrode 360 covers
the pixel area PA at uniform thickness. The auxiliary elec-
trode 350 may be formed thicker than the opposite electrode
360, and may be electrically connected to the opposite elec-
trode 360. The connection of the auxiliary electrode 350 and
the opposite electrode 360 may prevent non-uniform lumi-
nance defect caused by IR-drop in a large-scaled substrate
310.

[0085] For example, the auxiliary electrode 350 may
include, e.g., continuous, straight lines. In another example,
the auxiliary electrode 350 may be formed in, e.g., discon-
tinuous, dotted lines to compensate for a tensile force of the
mask which is used in the process.

[0086] The opposite electrode 360 may be formed on the
entire substrate 310 at a thin thickness. The IR-drop that is
caused by the thin opposite electrode 360 may be compen-
sated by the auxiliary electrode 350. The auxiliary electrode
350 1s electrically connected to the opposite electrode 360.
The structure of the opposite electrode 360, as well as the
relative thickness of the auxiliary electrode 350 and the oppo-
site electrode 360, are the same as those of the respective
auxiliary electrode 150 and opposite electrode 160 described
previously with reference to FIG. 2.

[0087] The power supply electrode 370 is connected to an
externally provided power supply to supply the power to each
pixel Px. The power supply electrode 370 may be disposed on
a periphery of the pixel area PA along both sides of the
substrate 310.

[0088] When the substrate 310 has large scale, IR-drop is
formed at a region of the substrate 310 spaced apart from the
power supply electrode 370. Thus, luminance may be non-
uniform. However, in the present example embodiment, the
power supply electrodes 370 are formed along both sides of
the substrate so that the power is evenly supplied all over the
substrate 310. When the thickness of the power supply line
3701s increased, the IR-drop may be compensated. When the
substrate 310 has small scale, the organic light emitting diode
display 100 may be manufactured at uniform luminance
although the power supply electrode 370 is disposed along
only one side of the substrate 310.

[0089] FIG. 5 is a flowchart of a method of manufacturing
an organic light emitting diode display according to one
example embodiment. FIGS. 6A and 6E are cross-sectional
views of stages in a method of manufacturing an organic light
emitting diode display.

[0090] Referring to FIG. 5, apixel electrode may be formed
on a substrate on which thin film transistors are formed (op-
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eration S400). Further, referring to FIG. 6A, the pixel elec-
trode 120 is formed on the substrate 110, i.e., a substrate on
which thin film transistors are formed, and may be connected
to the thin film transistors through a via-hole (not shown).
[0091] In detail, the pixel electrode 120 may include a
transmission electrode or a reflective electrode based on a
display type of the organic light emitting diode display 100.
The display type may be a top illumination type or a bottom
illumination type.

[0092] When the pixel electrode 120 is a transmission elec-
trode, the pixel electrode 120 includes transparent conductive
material, e.g., indium tin oxide (ITO), indium zinc oxide
(IZ0), zinc tin oxide (ZTO), zinc oxide (ZnO,) or tin oxide
(SnO, ). When the pixel electrode 120 is a reflective electrode,
the pixel electrode 120 is formed by forming a reflective layer
using at least one of, e.g., silver (Ag), magnesium (Mg),
aluminum (Al), platinum (Pt), palladium (Pd), gold (Au),
chromium (Cr), tungsten (W), molybdenum (Mo), titanium
(Ti) and a combination thereof, and then forming a layer on
the reflective layer using, e.g., indium tin oxide (ITO), indium
zinc oxide (IZ0), zinc oxide (ZnO,) and/or tin oxide (SnO,).
[0093] Forexample, the pixel electrode 120 may be formed
by a photolithography process after a sputtering process. In
another example, the pixel electrode 120 may be formed by a
vacuum deposition process or a sputtering process using a
mask.

[0094] Next, referring to FIG. 5, the pixel defining layer
130 may be formed to have an opening exposing a predeter-
mined area of the pixel electrode 120 (operation S420). For
example, referring to FIG. 6B, after forming a layer with a
material for the pixel defining layer 130 on the pixel electrode
120, the opening exposing the predetermined area of the pixel
electrode 120 may be formed by patterning, e.g., via an expo-
sure process and a development process. In another example,
the pixel defining layer 130 having the opening may be
formed by a physical vapor deposition (PVD) or a chemical
vapor deposition (CVD) using a mask.

[0095] Indetail, the pixel defining layer 130 may be formed
of an organic material, an inorganic material, or an organic-
inorganic material multi-layer. The inorganic material may
be, e.g., silicon dioxide (Si0,), silicon nitride (SiN,), and
silicon oxynitride (SiON). The organic material may be, e.g.,
an acryl-based organic compound, polyamide, and polyim-
ide, which are organic insulating materials.

[0096] The emission area A, which is the pixel area of the
organic light emitting diode display 100, and the non-emis-
sion area B which is the non-pixel area of the organic light
emitting diode display 100, are defined by the pixel defining
layer 130. That is, the pixel electrode 120 exposed by the pixel
defining layer 130 is in the emission area A, and part of the
pixel electrode 120 and the pixel defining layer 130 is in the
non-emission area B.

[0097] Next, referring to FIG. 5, the intermediate layer 140
including a light emitting layer may be formed on the pixel
electrode 120 which is exposed (operation 440). Further,
referring to FIG. 6C, the intermediate layer 140 includes the
first common layer 142, the light emitting layer 144, and the
second common layer 146 which are sequentially stacked.
When power is applied to the pixel electrode 120 and the
opposite electrode 140, the light emitting layer 144 emits
light.

[0098] Thefirst common layer 142 and the second common
layer 146 may be formed on the pixel electrode 120 and the
pixel defining layer 130 commonly, and the light emitting
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layer 144 may be formed, e.g., only, on the pixel electrode
120. The first common layer 142 may include a hole injection
layer (HIL) and a hole transport layer (HTL) which are
sequentially stacked. The second common layer 144 may
include an electron transport layer (ETL) and an electron
injection layer (EIL) which are sequentially stacked. Besides
these layers, other layers may be disposed as necessary. For
example, the light emitting layer 144 may be formed of low
molecular organic materials, e.g., tris-8-hydroxyquinoline
aluminum (Alg3), naphthalene-1-yl-N.N' -diphenyl-benzi-
dine (NPB), and the like. In another example the high molecu-
lar organic materials may be used such as polyphenylene
vinylene (PPV), polyfluorene, and the like.

[0099] Next, referring to FIG. 5, the auxiliary electrode 150
may be formed on the pixel defining layer 130 (operation
460). That is, referring to FIG. 6D, the auxiliary electrode 150
may be formed on the pixel defining layer 130, which is not
overlapped with the intermediate layer 140. The auxiliary
electrode 150 is disposed in the non-emission area B so that
light emission of the pixel is not affected. Further, the auxil-
iary electrode 150 may be disposed under the opposite elec-
trode 160 and may be electrically connected to the opposite
electrode 160. The auxiliary electrode 150, which is formed
thicker than the opposite electrode 160, may prevent IR-drop
in a large-scaled substrate 110.

[0100] The auxiliary electrode 150 may be formed of the
same material as the opposite electrode 160, and may have a
thickness larger than 1500 A. The thickness of the auxiliary
electrode 150 may be changed considering a scale of the
substrate 110, a thickness of the pixel electrode 120, the
intermediate layer 140, and the pixel defining layer 130, and
the like.

[0101] For example, the auxiliary electrode 150 may be
formed by a photolithography process after a sputtering pro-
cess. In another example, the pixel electrode 120 may be
formed by a vacuum deposition process or a sputtering pro-
cess using the mask.

[0102] Next, referring to FIG. 5, the opposite electrode 160
may be formed on the intermediate layer 140 and the auxiliary
electrode 150, and the power supply electrode may be formed
along the side of the substrate 110 (operation 480). That is,
referring to FIG. 6E, the thin opposite electrode 160 may be
formed to prevent a dark spot defect, e.g., caused by a poten-
tial short circuit between the pixel electrode and the opposite
electrode. That is, when the opposite electrode 160 is formed
on the intermediate layer 140 with a thin thickness according
to example embodiments, the material of the opposite elec-
trode 160 may not flow into the pixel electrode 120. For
example, the opposite electrode 160 may be formed with a
thickness of about 300 A to about 1500 A, but a thickness of
the opposite electrode 160 may be changed in accordance
with a scale of the substrate 110, a thickness of the pixel
electrode 120, intermediate layer 140, and the pixel defining
layer 130.

[0103] The opposite electrode 160 may include a transmis-
sion electrode or a reflective electrode. When the opposite
electrode 160 is a transmission electrode, the material of the
opposite electrode 160 may be one of lithium (Li), calcium
(Ca), lithium fluoride/calcium (LiF/Ca), lithium fluoride/alu-
minum (LiF/Al), aluminum (Al), magnesium (Mg), argen-
tums (Ag), chrome (Cr), tungsten (W), molybdenum (Mo),
titanium (T1), and a combination thereof.

[0104] The power supply electrode 170 and the opposite
electrode 160 may be formed at the same time. The power
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supply electrode 170 and the opposite electrode 160 may
include the same material. The power supply electrode 170
and the opposite electrode 160 may be formed to have differ-
ent thicknesses.

[0105] The thick power supply electrode 170 may be
formed to compensate for the IR-drop caused by the thin
opposite electrode 160. The thickness of the power supply
electrode 170 may be determined by the height of the opposite
electrode 160, i.c., the thickness of the power supply elec-
trode 170 may equal a thickness sum of the pixel defining
layer 130, the auxiliary electrode 150, and the opposite elec-
trode 160.

[0106] The materials and methods for the described pro-
cesses are illustrative examples. Thus, other materials and
methods for the processes may be used.

[0107] By way of summary and review, by forming a thin
opposite electrode, a defect rate may be decreased and the
vield may be increased because a short circuit between a pixel
electrode and the thin opposite electrode of an organic light
emitting display device may be prevented even if impurities
remain on the substrate. That is, an organic light emitting
display device according to example embodiments includes a
thin opposite electrode and a thick auxiliary electrode, so
material of the thin opposite electrode above the intermediate
layer 140 does not leak through the intermediate layer 140. As
such, even if impurities remain on the substrate, e.g., in the
intermediate layer 140, a short circuit between the opposite
electrode and the pixel electrode may be prevented or sub-
stantially minimized. Further, the IR-drop caused by the thin
opposite electrode may be compensated by the auxiliary elec-
trode and the power supply electrode. Accordingly, since a
short circuit between the opposite electrode and the pixel
electrode may be prevented, the dark spot defect caused by
the impurities may be prevented as well. Further, example
embodiments provide a method of manufacturing an organic
light emitting display device capable of decreasing the dark
spot defect caused by the impurities.

[0108] Incontrast, during manufacturing of a conventional
organic light emitting display device, a cleaning process is
performed to remove particles in order to improve image
display quality. However, after the cleaning process, some
particles may remain, e.g., move to a substrate, and function
as impurities. When impurities remain on the substrate on
which thin transistors are formed, a cathode and an anode of
the light emitting element may be electrically disconnected in
a stacked structure of cathode/organic layers/anode. As such,
dark spots may be generated by the electrical disconnection,
thereby forming defect of a pixel.

[0109] The foregoing is illustrative of example embodi-
ments and s not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and advantages of
the embodiments. Accordingly, all such modifications are
intended to be included within the scope of the claims. There-
fore, it is to be understood that the foregoing is illustrative of
various example embodiments and is not to be construed as
limited to the specific example embodiments disclosed, and
that modifications to the disclosed example embodiments, as
well as other example embodiments, are intended to be
included within the scope of the appended claims.
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What is claimed is:

1. An organic light emitting diode display, comprising:

a substrate including a thin film transistor;

a plurality of pixels on a pixel area of the substrate;

aplurality of auxiliary electrodes between the pixels;

an opposite electrode on the pixels and on the auxiliary

electrodes, the opposite electrode being electrically con-
nected to the auxiliary electrodes, and including a same
material as the auxiliary electrodes; and

apower supply electrode on the substrate, the power supply

electrode being in a periphery of the pixel area and being
configured to supply power to the pixels.

2. The organic light emitting diode display as claimed in
claim 1, wherein the auxiliary electrodes are between the
pixels in a longitudinal direction of the substrate.

3. The organic light emitting diode display as claimed in
claim 1, wherein the auxiliary electrodes are between the
pixels in a horizontal direction of the substrate.

4. The organic light emitting diode display as claimed in
claim 1, wherein the auxiliary electrodes are between the
pixels in a longitudinal direction and a horizontal direction of
the substrate.

5. The organic light emitting diode display as claimed in
claim 1, wherein the auxiliary electrodes are straight lines.

6. The organic light emitting diode display as claimed in
claim 1, wherein the auxiliary electrodes are dotted lines.

7. The organic light emitting diode display as claimed in
claim 1, wherein the auxiliary electrodes are under the oppo-
site electrode, the auxiliary electrodes being thicker than the
opposite electrode.

8. The organic light emitting diode display as claimed in
claim 7, wherein only the opposite electrode among the oppo-
site electrode and the auxiliary electrodes overlaps the pixels.

9. The organic light emitting diode display as claimed in
claim 1, wherein an upper surface of power supply electrode
1s level with an upper surface of the opposite electrode.

10. The organic light emitting diode display as claimed in
claim 1, wherein the power supply electrode is disposed on
two opposite sides of the substrate along edges of the sub-
strate in a row direction.
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11. The organic light emitting diode display as claimed in
claim 1, wherein the power supply electrode is on a single side
of the substrate along an edge of the substrate in a row direc-
tion.
12. A method of manufacturing an organic light emitting
display device, the method comprising:
forming a pixel electrode on a pixel area of a substrate,
which includes a thin film transistor, the pixel electrode
being electrically connected to the thin film transistor;

forming a pixel defining layer having an opening exposing
the pixel electrode on the substrate;

forming an intermediate layer including a light emitting

layer on the pixel electrode exposed through the opening
of the pixel defining layer;

forming a plurality of auxiliary electrodes on the pixel

defining layer, the auxiliary electrodes being between
the pixels;

forming an opposite electrode on the intermediate layer

and on the auxiliary electrodes, the opposite electrode
being electrically connected to the auxiliary electrodes
and being formed of a same material as the auxiliary
electrodes; and

forming a power supply electrode on the substrate, the

power supply electrode being in a periphery of the pixel
area and being configured to supply power to the pixels.

13. The method as claimed in claim 12, wherein the inter-
mediatelayer includes a first common layer, the light emitting
layer, and a second common layer.

14. The method as claimed in claim 13, wherein the first
common layer and the second common layer overlap the pixel
defining layer and the pixel electrode, the light emitting layer
being formed on the pixel electrode.

15. The method as claimed in claim 13, wherein the first
common layer includes a hole injection layer and a hole
transport layer which are sequentially stacked.

16. The method as claimed in claim 13, wherein the second
common layer includes an electron transport layer and an
electron injection layer which are sequentially stacked.

17. The method as claimed in claim 12, wherein the aux-
iliary electrodes are thicker than the opposite electrode.

18. The method as claimed in claim 12, wherein an upper
surface of power supply electrode is level with an upper
surface of the opposite electrode.

* ok %k



(57190 18 (% FAR) A (i)
B (E R A ()

HAT R E (TR AGE)

[#R]REAA LEE SU HWAN
KIM MU HYUN
REBA LEE, SU-HWAN
KIM, MU-HYUN
IPCH & HO01L27/32 HO1L51/56
CPCH¥%(= HO1L51/56 HO1L27/326 HO1L27/3246 HO1L27/3276 HO1L51/5228 HO1L27/3248 HO1L27/3262
i 1020130060057 2013-05-28 KR
H 20 FF 30k US9331131
HShEREERE Espacenet USPTO
REGX) 1 5]0 P);,( 1 6)0 p;\
—FENAE-REL RS , B B, SESESEE ERNEE | -I\\ \\ ]
XiF LR Z MR BRZBNZS N FEEIBER SR ER EWEX B (L Q\é\h\ S \Q\\E\
%, AN EREEZEIEB BN , HESESHBBRERBME, | Q\Q\E\ R \Q\Q
DRER EMEREN , BRERVTEEXKENABH BERKEENE | N \\i\ \\\\
BrRftE, M NN N NN
NEESSR
SNEENE YA NG MNETNL
| \:\\\‘\ \\\\
‘\\\\f\ \\\\\
n \\\\\\ \\\\
SN
I~ \h\ N ™ h
| N NS |

BNRX-REE "B RAFESE

US20140353633A1 [F(2E)A
US14/278135 HiEA
=ZESRERAT

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

patsnap

2014-12-04

2014-05-15

3110
H——-170



https://share-analytics.zhihuiya.com/view/eff18e8c-816c-44e6-9371-ae45f5ae2dc4
https://worldwide.espacenet.com/patent/search/family/051984112/publication/US2014353633A1?q=US2014353633A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220140353633%22.PGNR.&OS=DN/20140353633&RS=DN/20140353633

