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(57) ABSTRACT

An organic light-emitting diode (OLED) display and a
method of manufacturing the same are disclosed. In one
aspect, the OLED display comprises a driving thin-film tran-
sistor (TFT), a data line electrically connected to the driving
TFT and having a first color, an OLED, and a light absorption
layer. The OLED is electrically connected to the driving TFT.
The light absorption layer is formed over the data line and has
a second color different from the first color.
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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY AND METHOD OF
MANUFACTURING THE SAME

RELATED APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0016286, filed on Feb. 12,2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display and a method of
manufacturing the same.

[0004] 2. Description of the Related Technology

[0005] An organic light-emitting diode (OLED) display
includes an organic light-emitting diode (OLED) display
including a hole injection electrode, an electron injection
electrode, and an organic emission layer formed therebe-
tween, and is a self-emission type display apparatus that emits
light as excitons, which are generated when holes injected
from the hole injection electrode and electrons injected from
the electron injection electrode combine in the organic emis-
sion layer.

[0006] Because an OLED display is a self-emission type
display apparatus and does not need a separate light source, it
can be driven with a low voltage and can be lightweight and
thin. In addition, because of an excellent viewing angle, con-
trast, and response speed, the applications of OLED display
technology are expanding from a personal mobile device,
such as an MP3 player or a mobile phone, to a television (TV).

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect is an organic light-emitting
diode (OLED) display and a method of manufacturing the
same.

[0008] In another aspect, an OLED display includes: a gate
line; a data line crossing the gate line and having a first color;
a switching thin-film transistor electrically connected to the
gate line and the data line; a driving thin-film transistor elec-
trically connected to the switching thin-film transistor; an
organic light-emitting device electrically connected to the
driving thin-film transistor and including a pixel electrode, an
intermediate layer formed on the pixel electrode and includ-
ing an organic emission layer, and a counter electrode formed
on the intermediate layer; and a light absorption layer formed
in a region overlapping the data line in plan view, and having
a second color different from the first color.

[0009] The first and second colors can be substantially
complementary colors.

[0010] The data line can include a metal layer and a metal
oxide layer formed on the metal layer.

[0011] The metal layer and the metal oxide layer can be
respectively a titanium (Ti) layer and a titanium oxide (Ti0x)
layer.

[0012] Thedriving thin-film transistor can include a source
electrode and a drain electrode, which are formed on a same
layer and formed of a same material as the data line, wherein
the source and drain electrodes can have the first color.
[0013] The light absorption layer can operate as a pixel-
defining film that covers both edges of the pixel electrode and
defines a pixel region.

Aug. 13,2015

[0014] The OLED display can further include a color filter
formed to correspond to the organic light-emitting device ina
direction in which light emitted from the intermediate layer is
emitted, wherein the light absorption layer can be formed on
a same layer as the color filter.

[0015] In another aspect, a method of manufacturing an
organic light-emitting diode (OLED) display apparatus, the
method includes: forming a gate line on a substrate; forming
a data line that crosses the gate line and has a first color; and
forming a light absorption layer having a second color differ-
ent from the first color, in a region on the data line overlapping
the data line in plan view.

[0016] The first and second colors can be substantially
complementary colors.

[0017] The forming of the data line can include: forming a
metal layer; oxidizing at least a portion of the metal layer via
an anodic oxidation method using an electrolyte, resulting in
an oxidized portion of the metal layer; and patterning the
metal layer which is oxidized at least a portion.

[0018] The metal layer can include titanium (T1).

[0019] The method can further include forming a driving
thin-film transistor including source and drain electrodes hav-
ing the first color, wherein the source and drain electrodes can
be formed simultaneously with the data line.

[0020] The method can further include forming an organic
light-emitting device electrically connected to the driving
thin-film transistor, wherein the forming of the organic light-
emitting device can include: forming a pixel electrode; form-
ing an intermediate layer including an organic emission layer;
and forming a counter electrode.

[0021] The forming of the light absorption layer can
include, after the forming of the pixel electrode, forming the
light absorption layer operating as a pixel-defining film that
covers both edges of the pixel electrode and defines a pixel
region.

[0022] The method can further include forming a color
filter to correspond to the organic light-emitting device in a
direction in which light emitted from the intermediate layer is
emitted, wherein the light absorption layer and the color filter
can be formed on a same layer.

[0023] Another aspect is an organic light-emitting diode
(OLED) display, comprising a gate line, a data line crossing
the gate line and having a first color, a switching thin-film
transistor (TFT) electrically connected to the gate line and the
data line, a driving TFT electrically connected to the switch-
ing TFT, an organic light-emitting diode (OLED), and a light
absorption layer. The OLED is electrically connected to the
driving TFT and comprises 1) a pixel electrode, ii) an inter-
mediate layer formed over the pixel electrode and including
an organic emission layer, and iii) a counter electrode formed
over the intermediate layer. The light absorption layer is
formed in a region at least partially overlapping the data line
in plan view, and having a second color different from the first
color.

[0024] 1In the above OLED display, the first and second
colors are substantially complementary to each other.
[0025] Inthe above OLED display, the data line comprises
a metal layer and a metal oxide layer formed on the metal
layer. In the above OLED display, the metal layer and the
metal oxide layer are respectively a titanium (Ti) layer and a
titanium oxide (TiOx) layer.

[0026] In the above OLED display, the driving TFT com-
prises a source electrode and a drain electrode formed on the
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same layer and formed of the same material as that of the data
line, wherein the source and drain electrodes have the first
color.

[0027] In the above OLED display, the light absorption
layer includes a pixel-defining film that at least partially cov-
ers opposing ends of the pixel electrode and defines a pixel
region.

[0028] The above OLED further comprises a color filter
formed over the OLED, wherein the light absorption layer is
formed on the same layer as that of the color filter.

[0029] Another aspect is a method of manufacturing an
organic light-emitting diode (OLED) display, the method
comprising forming a gate line over a substrate, forming a
data line that crosses the gate line and has a first color, and
forming a light absorption layer in a region on the data line at
least partially overlapping the data line in plan view, wherein
the light absorption layer has a second color different from the
first color.

[0030] Inthe above method, the first and second colors are
substantially complementary to each other.

[0031] In the above method, the forming of the data line
comprises forming a metal layer, oxidizing at least a portion
of the metal layer with an electrolyte so as to form an oxidized
portion of the metal layer, and patterning the metal layer
including the oxidized portion. In the above method, the
metal layer is formed of titanium (Ti).

[0032] Theabovemethod further comprises forming a driv-
ing thin-film transistor (TFT) comprising source and drain
electrodes having the first color, wherein the source and drain
electrodes are formed substantially simultaneously with the
data line. The above method further comprises forming an
OLED electrically connected to the driving TFT. In the above
method, the forming of the OLED comprises forming a pixel
electrode, forming an intermediate layer comprising an
organic emission layer over the pixel electrode, and forming
a counter electrode over the intermediate layer. In the above
method, the light absorption layer includes a pixel-defining
film that at least partially covers opposing ends of the pixel
electrode and defines a pixel region.

[0033] The above method further comprises forming a
color filter over the OLED, wherein the light absorption layer
and the color filter are formed on the same layer.

[0034] Another aspect is an organic light-emitting diode
(OLED) display comprising a driving thin-film transistor
(TFT), a data line electrically connected to the driving TFT
and having a first color, an organic light-emitting diode
(OLED) electrically connected to the driving TFT, and a light
absorption layer formed over the data line and having a sec-
ond color different from the first color.

[0035] In the above OLED display, the first and second
colors are substantially complementary to each other.

[0036] In the above OLED display, the driving TFT com-
prises a source electrode and a drain electrode formed on the
same layer and formed of the same material as that of the data
line, wherein the source and drain electrodes have the first
color.

[0037] In the above OLED display, the OLED comprises a
pixel electrode, wherein the light absorption layer includes a
pixel-defining film that at least partially covers opposing ends
of the pixel electrode and defines a pixel region.

[0038] The above OLED display further comprises a color
filter formed over the OLED, wherein the light absorption
layer is formed on the same layer as that of the color filter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1isacircuit diagram schematically illustrating
a pixel circuit of an organic light-emitting diode (OLED)
display according to an embodiment.

[0040] FIG. 2 is a cross-sectional view schematically illus-
trating an OLED display according to an embodiment.
[0041] FIG. 3isacross-sectional view of a region A of FIG.
1.

[0042] FIGS. 4A through 41 are cross-sectional views for
describing a method of manufacturing the OLED display of
FIG. 2.

[0043] FIG. 5is a cross-sectional view schematically illus-
trating an OLED display according to another embodiment.
[0044] FIG. 6is a cross-sectional view schematically illus-
trating an OLED display according to another embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0045] Hereinafter, the described technology will be
described more fully with reference to the accompanying
drawings, in which exemplary embodiments of the described
technology are shown. The described technology can, how-
ever, be embodied in many different forms and should not be
construed as being limited to the embodiments set forth
herein; rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the concept of the described technology to those
skilled in the art.

[0046] Inthe drawings, like reference numerals denote like
elements, and overlapping descriptions are omitted.

[0047] In the specification, the terms such as “first”, “sec-
ond”, etc., do not have limited meanings, but are used only to
distinguish one component from another.

[0048] An expression used in the singular encompasses the
expression of the plural, unless the expression used in the
singular has a clearly different meaning in the context.
[0049] In the present specification, it is to be understood
that the terms such as “including” or “having.” etc., are
intended to indicate the existence of the features or compo-
nents, and are not intended to preclude the possibility that one
or more other features or components can exist or can be
added.

[0050] Itwill also beunderstood that when a part such as a
film, a region, or a component is referred to as being “on”
another part, it can be directly on the other part, or intervening
film, region, or component can also be present.

[0051] In drawings, the sizes of compornents can be exag-
gerated for clarity. For example, because the sizes and thick-
nesses of components are arbitrarily illustrated for conve-
nience of description, embodiments of the present described
technology are not limited by the drawings.

[0052] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed items.
Bxpressions such as “at least one of,” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list. In this disclosure, the term
“substantially” includes the meanings of completely, almost
completely or to any significant degree under some applica-
tions and in accordance with those skilled in the art. More-
over, “formed on” can also mean “formed over.”

[0053] FIG. 1isacircuit diagram schematically illustrating
a pixel circuit of an OLED display 100 according to an
embodiment. FIG. 2 is a cross-sectional view schematically
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illustrating the OLED display 100 according to an embodi-
ment. F1G. 3 is a cross-sectional view of a region A of FIG. 1.
[0054] Referring to FIG. 1, the OLED display 100 includes
a gate line 134, a data line 146 crossing the gate line 134 and
having a first color, a switching thin-film transistor (TFT) T2
electrically connected to the gate line 134 and the data line
146, adriving TFT T1 electrically connected to the switching
TFT T2, an organic light-emitting diode (OLED) electrically
connected to the driving TFT T1, and a light absorption layer
160 (FIG. 2) formed in a region overlapping the data line 146
in plan view and having a second color different from the first
color.

[0055] Referring to driving principles of the OLED display
100, the switching TFT T2 is turned on by a selection signal
transmitted through the gate line 134. A data voltage is trans-
mitted to a gate terminal of the driving TFT T1 through the
data line 146 when the switching TFT T2 is turned on. A
potential difference between the data voltage and a voltage
source VDD is stored in a capacitor Cst connected between a
gate and a source of the driving TFT T1. A driving current
T oz zp flows to the OLED due to the potential difference, and
thus the OLED emits light. In some embodiments, a prede-
termined contrast gray scale can be displayed according to a
voltage level of an applied data voltage.

[0056] FIG. 1 shows an active matrix (AM) type OLED
display having a 2Tr-1Cap structure, wherein the pixel circuit
includes two TFTs, i.e., the driving TFT T1 and the switching
TFT T2, and one capacitor Cst, but the described technology
is not limited thereto. In other words, an OLED display can
include a plurality of TFTs and at least one capacitor in one
pixel circuit, and can be formed to have any one of various
structures. For example, a separate wire can be further
included or an existing wire can be omitted. In some embodi-
ments, a pixel circuit is a minimum unit for displaying an
image, and a display apparatus displays an image by using a
plurality of pixel circuits.

[0057] Referring to FIGS. 2 and 3, abuffer layer 111 can be
formed on a substrate 110 that is a glass substrate or a plastic
substrate. The buffer layer 111 can block impure elements
from penetrating through the substrate 110, can flatten a
surface of the substrate 110, and can include a single layer or
plurality of layers formed of an inorganic material, such as
silicon nitride (SiN, ) and/or silicon oxide (SiO,).

[0058] Thedriving TFT T1 canbe formed in aregion on the
buffer layer 111. The driving TFT T1 can include an active
layer 122, a gate electrode 124, a source electrode 126s, and
a drain electrode 1264. A gate insulating film 113 can be
formed between the active layer 122 and the gate electrode
124, and an interlayer insulating film 115 can be formed
between the gate electrode 124 and the source and drain
electrodes 126s and 1264.

[0059] InFIG. 2, the driving TFT T1 is atop gate type TET
in which the gate electrode 124 is formed above the active
layer 122, but alternatively, the driving TFT T1 can be a
bottom gate type TFT in which the gate electrode 124 is
formed below the active layer 122.

[0060] The active layer 122 can be formed of an inorganic
semiconductor material, such as amorphous silicon or crys-
talline silicon. The gate electrode 124 can include a single
layer or plurality of layers formed of at least one material
from among aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Jr), chromium (Cr), lithium (Li), cal-
cium (Ca), molybdenum (Mo), titanium (Ti), tungsten (W),
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and copper (Cu). The gate electrode 124 can be formed on the
same layer and formed of the same material as the gate line
134.

[0061] The source and drain electrodes 126s and 1264 can
have the first color, and can be electrically connected to the
active layer 122 respectively through first and second contact
holes C1 and C2 formed in the interlayer insulating film 115
and the gate insulating film 113. The source and drain elec-
trodes 1265 and 1264 can be formed on the same layer and can
include the same material as the data line 146, which will be
described in detail later.

[0062] The gate line 134 is formed in another region on the
buffer layer 111, and the gate insulating film 113 can be
formed between the buffer layer 111 and the gate line 134.

[0063] The gate line 134 can be formed on the same layer
and be formed of the same material as that of the gate elec-
trode 124. In other words, the gate line 134 can include a
single layer or plurality of layers formed of at least one of Al,
Pt, Pd, Ag, Mg, Au, Ni, Nd, Jr, Cr, Li, Ca, Mo, Ti, W, and Cu.
[0064] Thedataline 146 canbe formed in another region on
the buffer layer 111. The gate insulating film 113 and the
interlayer insulating film 115 can be formed between the
buffer layer 111 and the data line 146. Although not shown,
the gate line 134 and the data line 146 can include regions that
overlap in plan view, and can be insulated from each other by
the interlayer insulating film 115.

[0065] The data line 146 has the first color, and the first
color can be a chromatic color, such as blue, yellow, or green,
instead of a black- or white-based color. When a data line has
awhite-based color, visibility of an OLED display can be low
because external light incident on the data line is reflected.
When the data line has a black-based color, the data line can
absorb a laser beam emitted while manufacturing the OLED
display and thus a metal forming the data line can melt.

[0066] However, the data line 146, according to the current
embodiment, has a chromatic color instead of a white- or
black-based color. When viewed together with the light
absorption layer 160 by a user, the data line 146 can be
appeared to be in a black-based color, which will be described
later.

[0067] Referring to FIG. 3, the data line 146 can include a
plurality of layers, and can include a low resistance metal
layer 1465 formed of Al or Cu The data line 146 can include
first and second protection metal layers 146a and 146¢
respectively formed below and on the low resistance metal
layer 146b.

[0068] The first and second protection metal layers 1464
and 146¢ can include Ti. A metal oxide layer 1464 having a
thickness t can be formed on the second protection metal layer
146¢.

[0069] The metal oxide layer 146d can be formed of tita-
nium oxide (TiO,). The data line 146 can have various colors
based on the thickness t of the metal oxide layer 1464, as will
be described later.

[0070] As described above, the source and drain electrodes
126s and 1264 can be formed of the same material as that of
the data line 146, can include Ti and TiO_, and can also have
the first color, like the data line 146.

[0071] Referring back to FIG. 2, a planarization film 117
can be formed on the interlayer insulating film 115 to at least

partially cover the data line 146, the source electrode 126s,
and the drain electrode 126d. The OLED including a pixel
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electrode 151, an intermediate layer 153 including an organic
emission layer, and a counter electrode 155 can be formed on
the planarization film 117.

[0072] The planarization film 117 can include a via hole
C3, and the drain electrode 1264 and the pixel electrode 151
can be electrically connected to each other through the via
hole C3.

[0073] Thepixel electrode 151 can be a reflection electrode
including a reflection layer. For example, the reflection layer
can be formed of at least one material selected from the group
consisting of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Jr, and Cr. A
transparent or semi-transparent electrode layer formed of at
least one material selected from the group consisting of
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(Zn0), indium oxide (In,05), indium gallium oxide, and alu-
minum zinc oxide (AZO) can be further formed on the reflec-
tion layer.

[0074] For example, the pixel electrode 151 can include
three layers: ITO, Ag, and ITO.

[0075] The intermediate layer 153 can include the organic
emission layer, and can further include at least one of a hole
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), and an electron injection layer
(FIL). However, the described technology is not limited
thereto, and the intermediate layer 153 can further include
other various functional layers, as well as the organic emis-
sion layer.

[0076] Meanwhile, when the OLED is a full color OLED
display, the organic emission layer can be patterned to include
a red emission layer, a green emission layer, and a blue
emission layer respectively according to a red sub-pixel, a
green sub-pixel, and a blue sub-pixel.

[0077] Meanwhile, the organic emission layer can have a
multilayer structure in which a red emission layer, a green
emission layer, and a blue emission layer are stacked to emit
a white light, or a single layer structure including a red emis-
sion material, a green emission material, and a blue emission
material. The OLED including such an organic emission
layer can additionally include a red color filter, a green color
filter, and a blue color filter to emit a full color.

[0078] The counter electrode 155 can be a transparent or
semi-transparent electrode, can be formed of at least one
material selected from among Ag, Al, Mg, Li, Ca, Cu, LiF/Ca,
LiF/Al, MgAg, and CaAg, and can have a thickness from
several nanometers (nm) to tens of nanometers (nm).

[0079] The OLED display 100 of FIG. 1 can be a top-
emission type OLED display that emits a light towards the
counter electrode 155 because the pixel electrode 151 is a
reflection electrode and the counter electrode 155 is a trans-
parent or semi-transparent electrode.

[0080] The light absorption layer 160 at least partially cov-
ering two edges or opposing ends of the pixel electrode 151
can be formed on the planarization film 117. In the some
embodiments, the light absorption layer 160 can operate as a
pixel-defining film for defining a pixel region. The light
absorption layer 160 can be formed of an organic material
having the second color, or an organic material including a
pigment having the second color.

[0081] The light absorption layer 160 can have the second
color different from the first color, and the first and second
colors can be complementary colors. In other words, when the
firstand second colors are mixed, brightness canbe decreased
and the mixture of first and second colors can substantially
have a black-based color.
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[0082] The dataline 146 and the light absorption layer 160
are formed in regions overlapping each other in plan view.
The overlapping regions can substantially appear to be black
when viewed by the user.

[0083] Accordingly, light corresponding to a partial wave-
length of a visible ray area of external light incident on the
OLED display 100 can be absorbed by the light absorption
layer 160, and light corresponding to the remaining wave-
length can be absorbed by the data line 146.

[0084] In other words, the OLED display 100 can have
improved visibility by reducing the amount of external light
reflected by a metal layer, such as the data line 146 included
in the OLED display 100.

[0085] FIGS. 4A through 41 are cross-sectional views for
describing a method of manufacturing the OLED display 100
of FIG. 2.

[0086] Referring to FIG. 4A, the buffer layer 111 can be
formed on the substrate 110, and then the active layer 122 can
be formed on the buffer layer 111. The buffer layer 111 can
include a single layer or plurality of layers formed of an
inorganic material, such as SiN,_ and/or SiO, . The active layer
122 can be formed of an inorganic semiconductor material,
such as amorphous silicon or crystalline silicon.

[0087] Referring to FIG. 4B, the gate insulating film 113
can be formed to at least partially cover the active layer 122 on
the buffer layer 111. The gate line 134 and the gate electrode
124 can be formed on the gate insulating film 113.

[0088] The gate insulating film 113 can be formed of an
inorganic material, such as Si0,, SiN_, SiON, Al,0;, TiO,,
Ta,O5, HfO,, Zr0O,, BST, or PZT The gate line 134 and the
gate electrode 124 can include a single layer or multiple
layers formed of at least one material from among Al, Pt, Pd,
Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.
[0089] Although not illustrated, the gate line 134 and the
gate electrode 124 can be substantially simultaneously
formed by coating a conductive material, and then sequen-
tially performing photoresist coating, exposing light, devel-
oping, etching, and striping by using a mask corresponding to
a desired pattern.

[0090] Referring to FIG. 4C, the interlayer insulating film
115 can be formed to at least partially cover the gate line 134
and the gate electrode 124. The first and second contact holes
C1 and C2 exposing parts of two edges of the active layer 122
can be formed at the interlayer insulating film 115 and the
gate insulating film 113.

[0091] Referring to FIG. 4D, a metal layer 116' can be
formed on the interlayer insulating film 115. The metal layer
116' can include a low resistance metal layer 1165 and first
and second protection metal layers 116a and 116¢ respec-
tively formed below and on the low resistance metal layer
1165. The low resistance metal layer 1164 can be formed of
Al or Cu, and the first and second protection metal layers
1164 and 116¢ can be formed of Ti.

[0092] Referring to FIGS. 4E and 4F, the substrate 110, on
which the metal layer 116' of FIG. 4D, etc. are formed, are put
into a container 10 accommodating an electrolyte 20. The
metal layer 116' can be oxidized by using the metal layer 116'
as a positive electrode. In other words, the metal layer 116'
can be oxidized via an anodic oxidation method.

[0093] A negative electrode material 30, as well as the
substrate 110, can be formed in the electrolyte 20 The elec-
trolyte 20 can be a liquid in which water and an acidic solu-
tion, such as ammonium sulfate, copper sulfate, or sodium
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carbonate, are mixed. However, the electrolyte 20 is not lim-
ited thereto, and any acidic solution can be used as the elec-
trolyte 20.

[0094] According to the anodic oxidation method, the sec-
ond protection metal layer 116¢ that is an uppermost layer in
the metal layer 116' is oxidized, and thus a metal oxide layer
1164 is formed.

[0095] In other words, an oxidized metal layer 116 can
include the low resistance metal layer 1165, the first and
second protection metal layers 116a and 116¢ respectively
formed on and below the low resistance metal layer 1164, and
the metal oxide layer 1164 formed on the second protection
metal layer 116¢. The metal oxide layer 1164 can be TiO,
generated as Ti is oxidized, and can have the thickness t.

[0096] The thickness t of TiO, can vary according to a
voltage applied to the electrolyte 20, i.e., according to a
potential difference between the metal layer 116' and the
negative electrode material 30. A color of the oxidized metal
layer 116 can vary according to the thickness t. As the voltage
applied to the electrolyte 20 is increased, the oxidized metal
layer 116 can have a color such as yellow, purple, blue,
magenta, or green.

[0097] Referring to FIG. 4G, the oxidized metal layer 116
of FIG. 4F can be patterned to substantially simultaneously
form the data line 146, the source electrode 1265, and the
drain electrode 1264.

[0098] In other words, the data line 146, the source elec-
trode 126s, and the drain electrode 1264 can have a predeter-
mined color, i.e., the first color, according to the thickness t of
TiO,, as described above.

[0099] Referring to FIG. 4H, the planarization film 117 can
be formed to at least partially cover the data line 146, the
source electrode 126s, and the drain electrode 1264 on the
interlayer insulating film 115. The via hole C3 can be formed
on the planarization film 117. The planarization film 117 can
be formed of an organic material having excellent planariza-
tion characteristics.

[0100] After forming the via hole C3, the pixel electrode
151 electrically connected to the drain electrode 1264
through the via hole C3 can be formed on the planarization
film 117.

[0101] Referring to FIG. 41, after forming the pixel elec-
trode 151, the light absorption layer 160 can be formed.

[0102] The light absorption layer 160 can be formed of an
organic material having the second color, or an organic mate-
rial including a pigment having the second color.

[0103] The light absorption layer 160 can have the second
color different from the first color, and the first and second
colors can be complementary colors. In other words, when the
firstand second colors are mixed, brightness canbe decreased
and the mixture of first and second colors can substantially
have a black-based color.

[0104] The dataline 146 and the light absorption layer 160
are formed in regions overlapping each other in plan view.
The overlapping regions can substantially appear to be black
when viewed by the user.

[0105] Referring back to FIG. 2, the intermediate layer 153
and the counter electrode 155 can be formed on the pixel
electrode 151.

[0106] FIG. 51sa cross-sectional view schematically illus-
trating an OLED display 200 according to another embodi-
ment.
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[0107] Like reference numerals in FIGS. 2 and 5 denote
like elements, and differences between the OLED display 100
of FIG. 2 and the OLED display 200 of FIG. 5 will now be
mainly described.

[0108] Referring to FIG. 5, the OLED display 200 accord-
ing to the current embodiment includes the buffer layer 111
formed on the substrate 110. The driving TFT T1, the gate line
134, and the data line 146 can be formed on the buffer layer
111.

[0109] Thedriving TFT T1 caninclude the active layer 122,
the gate electrode 124, the source electrode 1265, and the
drain electrode 126d. The gate insulating film 113 can be
formed between the active layer 122 and the gate electrode
124. The interlayer insulating film 115 can be formed
between the gate electrode 124 and the source and drain
electrodes 126s and 1264.

[0110] The gate line 134 can be formed on the same layer
and formed of the same material as the gate electrode 124.
The data line 146 can be formed on the same layer and formed
of the same material as the source and drain electrodes 126s
and 126d.

[0111] The dataline 146, the source electrode 126s, and the
drain electrode 1264 can have the first color, and include a
metal layer formed of Ti and a metal oxide layer formed of
TiO,.

[0112] The first color can be a chromatic color instead of a
white- or black-based color, and can appear to be a black-
based color together with a light absorption layer 260
described later, when viewed by the user.

[0113] The planarization film 117 can be formed on the
interlayer insulating film 115 to at least partially cover the
data line 146, the source electrode 1265, and the drain elec-
trode 126d. The OLED including a pixel electrode 251, an
intermediate layer 253 including an organic emission layer,
and a counter electrode 255 can be formed on the planariza-
tion film 117. The planarization film 117 can include the via
hole C3. The drain electrode 1264 and the pixel electrode 251
can be electrically connected to each other through the via
hole C3.

[0114] The pixel electrode 251 can be a reflection electrode
including a reflection layer, the counter electrode 155 can be
a transparent or semi-transparent electrode, and the interme-
diate layer 253 can include the organic emission layer and
further include at least one of an HIL, an HTL, an ETL, and an
EIL. However, the described technology is not limited
thereto, and the intermediate layer 253 can further include
other various functional layers, as well as the organic emis-
sion layer.

[0115] The organic emission layer can have a multilayer
structure in which a red emission layer, a green emission
layer, and a blue emission layer are stacked to emit a white
light, or can have a single layer structure formed of a red
emission material, a green emission material, and a blue
emission material.

[0116] A pixel-defining film 219 at least partially covering
two edges of the pixel electrode 251 can be formed on the
planarization film 117. The pixel-defining film 219 can be
formed of an organic material, such as polyimide.

[0117] The OLED display 200 can include an encapsula-
tion substrate 290. The light absorption layer 260 and a color
filter 270 can be formed on a surface of the encapsulation
substrate 290, which faces the substrate 110.

[0118] The color filter 270 can be formed to correspond to
the OLED in a direction in which light emitted from the
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intermediate layer 253 is emitted. The color filter 270 can be
any one of'ared color filter, a green color filter and a blue color
filter. In other words, the intermediate layer 253 can emit a
white light and realize a color with the color filter 270.

[0119] FIG. 5illustrates one sub-pixel ofthe OLED display
200. Each pixel of the OLED display 200 can include a
plurality of sub-pixels.

[0120] The light absorption layer 260 can be formed on the
same layer as the color filter 270, and can be formed to
substantially overlap the data line 146 in plan view.

[0121] The light absorption layer 260 can have the second
color different from the first color, and the first and second
colors can be complementary colors. In other words, when the
firstand second colors are mixed, brightness canbe decreased
and the mixture of first and second colors can substantially
have a black-based color.

[0122] The light absorption layer 260 can have the same
color as the color filter 270, and in this case, the color filter
270 and the light absorption layer 260 can be formed of the
same material, and can be formed substantially simulta-
neously.

[0123] In other words, a coating of a material for forming
the light absorption layer 260 and a coating of a material for
forming the color filter 270 can be applied to the encapsula-
tion substrate 290. The light absorption layer 260 and the
color filter 270 can be substantially simultaneously formed
via a patterning process.

[0124] When the light absorption layer 260 and the color
filter 270 are formed of different materials, a coating of a
material for forming the color filter 270 can be applied to the
encapsulation substrate 290 and patterned to form the color
filter 270. A coating of a material for forming the light absorp-
tion layer 260 can be applied to the encapsulation substrate
290 and patterned to form the light absorption layer 260. The
light absorption layer 260 can be formed and then the color
filter 270 can be formed.

[0125] An overcoat film 280 can be formed on the encap-
sulation substrate 290 to cover the light absorption layer 260
and the color filter 270. although not illustrated, a black
matrix (not shown) can be further formed between the light
absorption layer 260 and the color filter 270.

[0126] InFIG.5,awidth of thelight absorption layer 260 is
the same as that of the data line 146, but alternatively, the light
absorption layer 260 can extend to a region beyond a region
where the color filter 270 is formed.

[0127] Thedataline 146 and the light absorption layer 260
can be formed in regions overlapping each other in plan view,
and can substantially appear to be black when viewed by the
user.

[0128] Accordingly, light corresponding to a partial wave-
length of a visible ray area of external light incident on the
OLED display 200 can be absorbed by the light absorption
layer 260, and light corresponding to the remaining wave-
length can be absorbed by the data line 146.

[0129] In other words, the OLED display 200 can have
improved visibility by reducing the amount of external light
reflected by a metal layer, such as the data line 146 included
in the OLED display 200.

[0130] FIG. 6 is a cross-sectional view schematically illus-
trating an OLED display 300 according to another embodi-
ment.

Aug. 13,2015

[0131] Like reference numerals in FIGS. 2 and 6 denote
like elements, and differences between the OLED display 100
of FIG. 2 and the OLED display 300 of FIG. 6 will now be
mainly described.

[0132] Referring to FIG. 6, the OLED display 300 accord-
ing to the current embodiment includes the buffer layer 111
formed on the substrate 110. The driving TFT T1, a gate line
334, and the data line 146 can be formed on the buffer layer
111.

[0133] The driving TFT T1 is a bottom gate type TFT, and
includes a gate electrode 324, an active layer 322, and source
and drain electrodes 3265 and 3264 electrically connected to
the active layer 322. In some embodiments, a gate insulating
film 313 can be formed between the gate electrode 324 and
the active layer 322, and an etch stop layer 315 can be formed
between the active layer 322 and the source and drain elec-
trodes 3265 and 3264.

[0134] The gate electrode 324 is formed below the active
layer 322, and can be formed of at least one metal selected
from among Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Jr, Cr, Li, Ca, Mo,
Ti, W, and Cu.

[0135] The active layer 322 can be formed of an oxide
semiconductor. When an active layer is formed of amorphous
silicon, mobility of electrons is low and thus it is difficult to
realize a driving circuit that operates at a high speed. When an
active layer is formed of polysilicon, mobility of electrons is
high but a threshold voltage is not uniform, and thus a sepa-
rate compensation circuit can be used. Accordingly, the
OLED display 300 of FIG. 6 can use an oxide semiconductor
as the active layer 322.

[0136] Forexample, the active layer 322 can include at least
any one of indium gallium zinc oxide (IGZO) and indium tin
zine oxide (ITZO), and can have a thickness of about 500 A.
Alternatively, the active layer 322 can be formed of an oxide
of a material selected from among 12, 13, and 14-group metal
elements, such as Zn, In, Ga, Sn, Cd, Ge, and Hf, and a
combination thereof.

[0137] The etch stop layer 315 formed on the active layer
322 can protect the active layer 322 while the source and drain
electrodes 3265 and 326d are formed. The etch stop layer 315
and the active layer 322 can be formed of materials having
different etch selectivities. In some embodiments, a differ-
ence in etch selectivities means that the active layer 322 and
the etch stop layer 315 have different etch rates such that the
active layer 322 is not etched while the etch stop layer 315 is
etched. For example, the etch stop layer 315 can be formed of
amaterial, such as SiN, or AlO,, which has a low amount of
hydrogen, and thereby does not affect an oxide characteristic
of the active layer 322. The etch stop layer 315 can include the
firstand second contactholes C1 and C2 exposing parts of the
active layer 322.

[0138] The source and drain electrodes 326s and 3264,
which are electrically connected to the active layer 322
respectively through the first and second contact holes C1 and
C2, can be formed on the etch stop layer 315.

[0139] The gate line 334 can be formed on the same layer
and formed of the same material as the gate electrode 324.
The data line 146 can be formed on the same layer and formed
of the same material as the source and drain electrodes 326s
and 326d.

[0140] The dataline 146, the source electrode 326s, and the
drain electrode 3264 can have the first color, and can include
ametal layer formed of Ti and a metal oxide layer formed of
TiO,.
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[0141] The first color can be a chromatic color instead of a
white- or black-based color, and can appear to be a black-
based color together with the light absorption layer 160, when
viewed by the user.
[0142] The planarization film 117 can be formed on the
etch stop layer 315 to cover the data line 146, the source
electrode 326s, and the drain electrode 3264. The OLED
including the pixel electrode 151, the intermediate layer 153
including an organic emission layer, and the counter electrode
155 can be formed on the planarization film 117. The pla-
narization film 117 can include the via hole C3. The drain
electrode 3264 and the pixel electrode 151 can be electrically
connected to each other through the via hole C3.
[0143] The light absorption layer 160 can be formed on the
planarization film 117. The light absorption layer 160 accord-
ing to the current embodiment can operate as a pixel-defining
film for defining a pixel region. The light absorption layer 160
can be formed of an organic material having the second color,
or an organic material including a pigment having the second
color.
[0144] The light absorption layer 160 can have the second
color different from the first color, and the first and second
colors can be complementary colors. In other words, when the
firstand second colors are mixed, brightness canbe decreased
and the mixture of first and second colors can substantially
have a black-based color.
[0145] The data line 146 and the light absorption layer 160
are formed inregions overlapping each other in plan view, and
the overlapping regions can appear to be black when viewed
by the user.
[0146] The OLED displays 100 through 300 according to
the embodiments include the data line 146 having the first
color. The OLED displays 100 through 300 also include light
absorption layers 160 and 260 formed in a region overlapping
the data line 146 in plan view and having the second color.
The data line 146 and the light absorption layers 160 and 260
can prevent the reflection of external light. Thus, visibilities
of the OLED displays 100 through 300 can be improved.
[0147] The inventive technology has been described with
reference to the figures, it will be understood by those of
ordinary skill in the art that various changes in form and
details can be made therein without departing from the spirit
and scope of the present invention as defined by the following
claims.
What is claimed is:
1. An organic light-emitting diode (OLED) display, com-
prising:
a gate line;
a data line crossing the gate line and having a first color;
a switching thin-film transistor (TFT) electrically con-
nected to the gate line and the data line;
adriving TFT electrically connected to the switching TFT;
an organic light-emitting diode (OLED) electrically con-
nected to the driving TFT and comprising i) a pixel
electrode, i1) an intermediate layer formed over the pixel
electrode and including an organic emission layer, and
ii1) a counter electrode formed over the intermediate
layer; and
alight absorption layer formed in a region at least partially
overlapping the data line in plan view, and having a
second color different from the first color.
2. The OLED display of claim 1, wherein the first and
second colors are substantially complementary to each other.
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3. The OLED display of claim 1, wherein the data line
comprises a metal layer and a metal oxide layer formed on the
metal layer.

4. The OLED display of claim 3, wherein the metal layer
and the metal oxide layer are respectively a titanium (T1) layer
and a titanium oxide (TiOx) layer.

5. The OLED display of claim 1, wherein the driving TFT
comprises a source electrode and a drain electrode formed on
the same layer and formed of the same material as that of the
data line, and wherein the source and drain electrodes have
the first color.

6. The OLED display of claim 1, wherein the light absorp-
tion layer includes a pixel-defining film that at least partially
covers opposing ends of the pixel electrode and defines a pixel
region.

7. The OLED display of claim 1, further comprising a color
filter formed over the OLED, wherein the light absorption
layer is formed on the same layer as that of the color filter.

8. A method of manufacturing an organic light-emitting
diode (OLED) display, the method comprising:

forming a gate line over a substrate;

forming a data line that crosses the gate line and has a first

color; and

forming a light absorption layer in a region on the data line

at least partially overlapping the data line in plan view,
wherein the light absorption layer has a second color
different from the first color.

9. The method of claim 8, wherein the first and second
colors are substantially complementary to each other.

10. The method of claim §, wherein the forming of the data
line comprises:

forming a metal layer;

oxidizing at least a portion of the metal layer with an

electrolyte so as to form an oxidized portion of the metal
layer; and

patterning the metal layer including the oxidized portion.

11. The method of claim 10, wherein the metal layer is
formed of titanium (Ti).

12. The method of claim 8, further comprising forming a
driving thin-film transistor (TFT) comprising source and
drain electrodes having the first color, wherein the source and
drain electrodes are formed substantially simultaneously with
the data line.

13. The method of claim 12, further comprising forming an
OLED electrically connected to the driving TFT,

wherein the forming of the OLED comprises:

forming a pixel electrode;

forming an intermediate layer comprising an organic emis-
sion layer over the pixel electrode; and

forming a counter electrode over the intermediate layer.

14. The method of claim 13, wherein the light absorption
layer includes a pixel-defining film that at least partially cov-
ers opposing ends of the pixel electrode and defines a pixel
region.

15. The method of claim 13, further comprising forming a
color filter over the OLED, wherein the light absorption layer
and the color filter are formed on the same layer.
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