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(57) ABSTRACT

An organic light emitting diode display includes a substrate,
a semiconductor, a gate electrode, a source electrode con-
nected to a first portion of the semiconductor, a drain
electrode connected to a second portion of the semiconduc-
tor, and a pixel electrode connected to the drain electrode.
Each of the source electrode, the drain electrode, and the
pixel electrode includes a barrier metal layer, a low resis-
tance metal layer, a metal oxide layer, and a contact assistant
layer disposed between the low resistance metal layer and
the metal oxide layer. The source electrode, the drain elec-
trode, and the pixel electrode each have a step shape.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0068341 filed in
the Korean Intellectual Property Office on Jun. 1, 2016, the
entire contents of which are herein incorporated by reference
in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a display device,
and more particularly, to an organic light emitting diode
display device and a manufacturing method thereof.

DISCUSSION OF THE RELATED ART

[0003] An organic light emitting diode (OLED) display
includes two electrodes and an organic emission layer inter-
posed therebetween. Electrons are injected from one elec-
trode and holes are injected from the other electrode. The
electrons and holes are combined within the organic emis-
sion layer to generate excitons. The generated excitons
release energy, in the form of light, as they relax and in this
way light is generated.

[0004] OLED display devices generally include a plurality
of pixels. Each pixel includes an organic light emitting
diode, which is a self-emissive device, and in each pixel, a
plurality of thin film transistors is formed for driving the
organic light emitting diode. At least one capacitor is also
formed in each pixel. The plurality of thin film transistors
generally includes both switching thin film transistors and
driving thin film transistors.

[0005] The electrodes, the organic emission layer, the thin
film transistors, etc. are manufactured by performing a
photolithograph process that uses multiple masks, and/or
uses a same mask multiple times. The processes of using the
mask considerably increases a manufacturing cost, and
accordingly, as the number of masks increases, the manu-
facturing cost increases.

SUMMARY

[0006] An organic light emitting diode display includes a
substrate, a semiconductor, a gate electrode, a source elec-
trode connected to a first portion of the semiconductor, a
drain electrode connected to a second portion of the semi-
conductor, and a pixel electrode connected to the drain
electrode. Each of the source electrode, the drain electrode,
and the pixel electrode includes a barrier metal layer, a low
resistance metal layer, a metal oxide layer, and a contact
assistant layer disposed between the low resistance metal
layer and the metal oxide layer. The source electrode, the
drain electrode, and the pixel electrode each have a step
shape.

[0007] A method of manufacturing an organic light emit-
ting diode display includes forming a semiconductor on a
substrate. A gate electrode is formed on the semiconductor.
An interlayer insulating layer is formed on both the semi-
conductor and the gate electrode. The interlayer insulating
layer is patterned to form a contact hole that exposes a first
portion and a second portion of the semiconductor. A barrier
metal material layer, a low resistance metal material layer, a
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contact assistant material layer, and a metal oxide material
layer are sequentially deposited on the interlayer insulating
layer. A source electrode is formed connected to the first
portion of the semiconductor, a drain electrode is formed
connected to the second portion of the semiconductor, and a
pixel electrode is formed connected to the second portion of
the semiconductor layer, by patterning the barrier metal
material layer, the low resistance metal matetial layer, the
contact assistant material layer, and the metal oxide material
layer. The source electrode, the drain electrode, and the pixel
electrode are each formed to have a step shape in which a
first layer thereof is wider than a second layer thereof, the
second layer being disposed directly on the first layer.
[0008] An organic light emitting diode display device
includes a substrate. A multi-layered source electrode is
disposed on the substrate and includes multiple layers that
form a step-shape. A multi-layered gate electrode is disposed
on the substrate and includes multiple layers that form the
step-shape. A multi-layered pixel electrode is disposed on
the substrate and includes multiple layers that form the
step-shape.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete appreciation of the present dis-
closure and many of the attendant aspects thereof will be
readily obtained as the same becomes better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings,
wherein:

[0010] FIG. 1 is a circuit diagram illustrating one pixel of
an organic light emitting diode display according to an
exemplary embodiment of the present disclosure;

[0011] FIG. 2 is a layout view illustrating two adjacent
pixels of an organic light emitting diode display according
to an exemplary embodiment of the present disclosure;
[0012] FIG. 3 is a cross-sectional view taken along line
HI-II of FIG. 2;

[0013] FIGS. 4 to 10 are cross-sectional views illustrating
a method of manufacturing an organic light emitting diode
display according to an exemplary embodiment of the
present disclosure;

[0014] FIG. 11 is a cross-sectional view illustrating an
organic light emitting diode display according to an exem-
plary embodiment of the present disclosure;

[0015] FIGS. 12 to 16 are cross-sectional views illustrat-
ing a method of manufacturing an organic light emitting
diode display according to an exemplary embodiment of the
present disclosure;

[0016] FIG. 17 is a layout view illustrating two adjacent
pixels of an organic light emitting diode display according
to an exemplary embodiment of the present disclosure; and
[0017] FIG. 18 is a cross-sectional view taken along line
XVIII-XVIII of FIG. 17.

DETAILED DESCRIPTION

[0018] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.
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[0019] Like reference numerals may designate like ele-
ments throughout the specification and the drawings.
[0020] In the drawings, the thickness of layers, areas,
films, panels, regions, etc., may be exaggerated for clarity.
[0021] It will be understood that when an element such as
a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0022] An organic light emitting diode display according
to an exemplary embodiment of the present disclosure will
now be described with reference to FIG. 1 to FIG. 3.
[0023] FIG. 1 is a circuit diagram illustrating one pixel of
an organic light emitting diode display according to an
exemplary embodiment of the present disclosure.

[0024] As shown in FIG. 1, one pixel of the organic light
emitting diode display, according to the exemplary embodi-
ment of the present disclosure, includes a plurality of signal
lines 121, 171, and 172, a plurality of transistors T1 and T2
connected to the plurality of signal lines, a storage capacitor
Cst, and an organic light emitting diode (OLED).

[0025] The transistors T1 and 12 include a switching
transistor T1 and a driving transistor T2.

[0026] The signal lines 121, 171, and 172 include a gate
line 121 transmitting a gate signal Sn, a data line 171
crossing the gate line and transmitting a data signal Dm, and
a driving voltage line 172 transmitting a driving voltage
ELVDD. The driving voltage line 172 is substantially par-
allel to the data line 171. In FIG. 1, although only one gate
line 121, one data line 171, and one driving voltage line 172
are shown, a plurality of gate lines 121, a plurality of data
lines 171, and a plurality of driving voltage lines 172 may
be provided in each pixel. The plurality of gate lines 121
may be disposed to be parallel to each other, and the
plurality of data lines 171 and the plurality of driving voltage
lines 172 may be disposed to be parallel to each other.
[0027] The switching transistor T1 includes a control
terminal, an input terminal, and an output terminal. The
control terminal of the switching transistor T1 is connected
to the gate line 121. The input terminal of the switching
transistor T1 is connected to the data line 171. The output
terminal of the switching transistor T1 is connected to the
driving transistor T2. The switching transistor T1 transmits
a data signal Dm, applied to the data line 171, to the driving
transistor T2 in response to a gate signal Sn applied to the
gate line 121.

[0028] The driving transistor T2 includes a control termi-
nal, an input terminal, and an output terminal. The control
terminal of the driving transistor T2 is connected to the
switching transistor T1. The input terminal of the driving
transistor T2 is connected to the driving voltage line 172.
The output terminal of the driving transistor T2 is connected
to the organic light emitting diode OLED. The driving
transistor T2 outputs a driving current Id, which varies
depending on a voltage applied between the control terminal
and the output terminal.

[0029] The storage capacitor Cst is connected between the
control terminal and the input terminal of the driving tran-
sistor T2. The storage capacitor Cst is charged by the data
signal Dm applied to the control terminal of the driving
transistor T2, and maintains the data signal Dm even after
the switching transistor T1 is turned off.

[0030] The organic light emitting diode (OLED) includes
an anode connected to the driving transistor T2 and a
cathode connected to a common voltage ELVSS. The OLED
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displays an image by emitting light, the intensity of which
varies depending on the driving current Id of the driving
transistor 12.

[0031] The switching transistor T1 and the driving tran-
sistor T2 may be n-channel field effect transistors (FETs) or
p-channel field effect transistors. The path by which the
transistors T1 and T2, the storage capacitor Cst, and the
OLED are connected to each other may be changed.
[0032] The structure of the pixel of the organic light
emitting diode display according to the exemplary embodi-
ment of the present disclosure shown in FIG. 1 will be
described in detail with reference to FIG. 2 and FIG. 3 as
well as FIG. 1.

[0033] FIG. 2 is a layout view illustrating two adjacent
pixels of an organic light emitting diode display according
to an exemplary embodiment of the present disclosure, and
FIG. 3 is a cross-sectional view taken along line [I-1IT of
FIG. 2.

[0034] As shown in FIG. 2 and FIG. 3, in the organic light
emitting diode display, according to the exemplary embodi-
ment of the present disclosure, a buffer layer 120 is disposed
on a substrate 110.

[0035] The substrate 110 may be an insulating substrate
and may include glass, quartz, ceramic, plastic, or the like.
The substrate 110 may be made of a flexible material.
[0036] The buffer layer 120 may be made of a silicon
nitride (SiNX) or a silicon oxide (SiOx). The buffer layer 120
may be formed as a single layer or as multiple layers. The
buffer layer 120 serves to provide a flat surface while
preventing undesirable materials such as impurities or mois-
ture from permeating there through.

[0037] Semiconductors 135a and 1355 are disposed on the
buffer layer 120. The semiconductors 135a¢ and 1355 include
a switching semiconductor 1354 and a driving semiconduc-
tor 1354, disposed at positions which are spaced apart from
each other. The switching semiconductor 135« or the driving
semiconductor 1356 may be made of a polycrystalline
material or an oxide semiconductor material. Where the
switching semiconductor 135a or the driving semiconductor
1356 is made of the oxide semiconductor material, an
additional protecting layer may be added to protect the oxide
semiconductor, as the oxide semiconductor may be vulner-
able to various environmental factors such as a high tem-
perature and the like.

[0038] The driving semiconductor 1354 includes a chan-
nel 13555, a source region 13565, and a drain region 13575.
The source region 13565 and the drain region 13575 may be
disposed at opposite sides of the channel 13555. The source
region 13565 and the drain region 13575 of the driving
semiconductor 13556 include contact doping regions that
may be doped with impurities such as P-type impurities or
N-type impurities. The switching semiconductor 135a may
also include a channel, a source region, and a drain region,
with the source and drain regions being disposed at opposite
sides of the channel.

[0039] A gate insulating layer 140 is disposed on the
switching semiconductor 135a, the driving semiconductor
1355, and the buffer layer 120. The gate insulating layer 140
may include an inorganic insulating material or an organic
insulating material such as a silicon nitride (SiNx) or a
silicon oxide (SiOx), a silicon oxynitride (SiON), or the like.
The gate insulating layer 140 may include a single layer or
multiple layers. The gate insulating layer 140 overlaps both
a channel of the switching semiconductor 135¢ and the
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channel 13555 of the driving semiconductor 1354. The gate
insulating layer 140 might not overlap either a source region
or a drain region of the switching semiconductor 1354. The
gate insulating layer 140 might also not overlap either the
source region 13565 or the drain region 13575 of the driving
semiconductor 1355.

[0040] The gate line 121, a switching gate electrode 125a,
a driving gate electrode 1255, and a first storage capacitor
plate 128 are disposed on the gate insulating layer 140.

[0041] The gate line 121 extends horizontally and trans-
mits the gate signal Sn. The switching gate electrode 125a
protrudes from the gate line 121 above the switching semi-
conductor 135a. The driving gate electrode 1255 protrudes
from the first storage capacitor plate 128 above the driving
semiconductor 1355. The switching gale electrode 125a and
the driving gate electrode 1255 respectively overlap the
channel of the switching semiconductor 135a and the chan-
nel 13555 of the driving semiconductor 1355.

[0042] An interlayer insulating layer 160 is disposed on
the gate line 121, the switching gate electrode 1254, the
driving gate electrode 1255, and the first storage capacitor
plate 128. The interlayer insulating layer 160 is includes
either an inorganic insulating material or an organic insu-
lating material such as a silicon nitride (SiNx), a silicon
oxide (SiOx), a silicon oxynitride (SiON), a silicon oxy-
fluoride (SiOF), or the like. The interlayer insulating layer
160 may be a single layer or multiple layers.

[0043] Contact holes 161 and 162, overlapping at least a
portion of the switching semiconductor 135a, are formed in
the interlayer insulating layer 160. For example, the contact
holes 161 and 162 overlap the source region and the drain
region of the switching semiconductor 135¢. In addition, a
contact hole 163, overlapping at least a part of the first
storage capacitor plate 128, is formed in the interlayer
insulating layer 160. Further, contact holes 164 and 165,
overlapping at least a portion of the driving semiconductor
1355, are formed in the interlayer insulating layer 160. For
example, the contact holes 164 and 165 overlap the source
region 13565 and the drain region 13575 of the driving
semiconductor 1355,

[0044] The data line 171, the driving voltage line 172, a
switching source electrode 173a, a driving source electrode
1730, a switching drain electrode 175a, a driving drain
electrode 1755, and a pixel electrode 191 are disposed on the
interlayer insulating layer 160. The data line 171, the driving
voltage line 172, the switching source electrode 173a, the
driving source electrode 1735, the switching drain electrode
1754, the driving drain electrode 17556, and the pixel elec-
trode 191 are disposed in the same layer. The data line 171,
the driving voltage line 172, the switching source electrode
173a, the driving source electrode 1735, the switching drain
electrode 1754, the driving drain electrode 1755, and the
pixel electrode 191 may be formed as multiple layers.

[0045] The data line 171, the driving source electrode
1735, the driving drain electrode 175b, and the pixel elec-
trode 191 may each include a barrier metal layer (1711,
17315, 1751, 1911), respectively, low resistance metal
layers (1712, 1732b, 17525, 1912), respectively, contact
assistant layers (1713, 1733b, 1753b, 1913), respectively,
and metal oxide layers (1714, 17345, 17545, 1914), respec-
tively. The driving voltage line 172, the switching source
electrode 1734, and the switching drain electrode 175a may
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include the barrier metal layers, the low resistance metal
layers, the contact assistant layers, and the metal oxide
layers, as well.

[0046] The low resistance metal layers (1712, 17326,
1752b, 1912) are disposed on the barrier metal layers (1711,
17315, 1751b, 1911), and the metal oxide layers (1714,
1734b, 1754b, 1914) are disposed on the low resistance
metal layers (1712, 17325, 17525, 1912). The contact assis-
tant layers (1713, 17335, 17535, 1913) are disposed between
the low resistance metal layers (1712, 17325, 17525, 1912)
and the metal oxide layers (1714, 17345, 17545, 1914).
[0047] The barrier metal layers (1711, 17315, 17515,
1911) may include a material such as titanium (Ti), molyb-
denum (Mo), a titanium alloy, and/or a molybdenum alloy.
Each thickness of the barrier metal layers (1711, 17315,
17515, 1911) may be equal to or greater than about 300 A,
and may be equal to or less than about 1000 A.

[0048] The low resistance metal layers (1712, 17326,
1752b, 1912) may include a material with low resistivity
such as aluminum (Al), copper (Cu), an aluminum alloy,
and/or a copper alloy. Each thickness of the low resistance
metal layers (1712, 17325, 17525, 1912) may be equal to or
greater than about 8000 A, and may be equal to or less than
about 14000 A.

[0049] The contact assistant layers (1713, 17335, 17535,
1913) may include an aluminum alloy such as nickel (Ni),
lanthanum (La), germanium (Ge), copper (Cu), cobalt (Co),
and/or neodymium (Nd). For example, the contact assistant
layers (1713, 17334, 17535, 1913) may include an alumi-
num-nickel-lanthanunm alloy (AINiLa). The contact assis-
tant layers (1713, 1733b, 17535, 1913) may include a
material which may increase adhesion between the low
resistance metal layers (1712, 17325, 17525, 1912) and the
metal oxide layers (1714, 17345, 17545, 1914). Each thick-
ness of the contact assistant layers (1713, 17335, 17535,
1913) may be equal to or greater than about 300 A, and equal
to or less than about 3000 A.

[0050] The metal oxide layers (1714, 17345, 1754b,1914)
may include a transparent conductive material with a high
work function such as indium tin oxide (ITO), indium zinc
oxide (IZ0), zinc oxide (ZnO), indium oxide (In,0,), etc.
Bach of the metal oxide layers (1714, 17345, 1754b, 1914)
may have a thickness that is greater than or equal to about
70 A, and may be equal to or less than about 1000 A.
[0051] Edges of the data line 171, the driving source
electrode 1735, the driving drain electrode 1755, and the
pixel electrode 191 may have steps that may be seen in the
cross-sectional view. For example, the edges of the data line
171, the driving source electrode 1735, the driving drain
electrode 175b, and the pixel electrode 191 are formed to
have a step shape.

[0052] As used herein, the step shape may be a shape in
which a first layer has a larger width than a second layer,
which may be disposed directly upon the first layer in such
a way that the center of the first layer is aligned with the
center of the second layer. Thus, two portions of the first
layer remain uncovered by the second layer and these two
uncovered portions are disposed on either side of the second
layer.

[0053] For example, the steps may be provided between
the contact assistant layers (1713, 17335, 17535, 1913) and
the metal oxide layers (1714, 17345, 17545, 1914). In the
cross-sectional view, the metal oxide layers (1714, 17345,
17545, 1914) are formed to have a narrower width than that
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of the contact assistant layers (1713, 17335, 17534, 1913).
At the edges of the data line 171, the driving source
electrode 1735, the driving drain electrode 1755, and the
pixel electrode 191, widths (W) of portions at which the
contact assistant layers (1713, 17335, 17535, 1913) are not
covered by the metal oxide layers (1714, 17345, 17545,
1914) are equal to or greater than about 0.1 pm.

[0054] The contact assistant layers (1713, 17335, 17535,
1913), the low resistance metal layers (1712, 17325, 17525,
1912), and barrier metal layers (1711, 17315, 17515, 1911)
have a taper shape.

[0055] The data line 171 transmits a data signal (Dm), and
extends in a direction that crosses the gate line 121. The
driving voltage line 172 transmits a driving voltage
(ELVDD), and the driving voltage line 172 is spaced apart
from the data line 171, while extending in a direction
parallel to the data line 171.

[0056] The switching source electrode 173a is connected
to the data line 171, and overlaps the switching semicon-
ductor 135a. The switching source electrode 173a is con-
nected to the source region of the switching semiconductor
135a through the contact hole 161. The driving source
electrode 1735 is connected to the driving voltage line 172,
and overlaps the driving semiconductor 1354. The driving
source electrode 1735 is connected to the source region
13564 of the driving semiconductor 1354 through the con-
tact hole 164.

[0057] The switching drain electrode 175a faces the
switching source electrode 173a, and is connected to the
drain region of the switching semiconductor 1354 through
the contact hole 162. The driving drain electrode 1755 faces
the driving source electrode 1735, and is connected to the
drain region 13574 of the driving semiconductor 1355
through the contact hole 165.

[0058] The switching drain electrode 175a at least par-
tially overlaps the driving gate electrode 1255. The switch-
ing drain electrode 175a is electrically connected to the first
storage capacitor plate 128 and the driving gate electrode
1255 through the contact hole 163.

[0059] The pixel electrode 191 is connected to the driving
drain electrode 1755, and serves as an anode of the organic
light emitting diode (OLED). The pixel electrode 191 is
disposed in the same layer as the driving drain electrode
175b. The driving drain electrode 1756 and the pixel elec-
trode 191 are integrally formed. The pixel electrode 191
overlaps the first storage capacitor plate 128. Accordingly,
the first storage capacitor plate 128 and the pixel electrode
191 form the storage capacitor Cst, using the interlayer
insulating layer 160 as a dielectric material.

[0060] The switching transistor T1 includes the switching
semiconductor 1354, the switching gate electrode 1254, the
switching source electrode 173a, and the switching drain
electrode 175a. The driving transistor T2 includes the driv-
ing semiconductor 1355, the driving gate electrode 1255, the
driving source electrode 1735, and the driving drain elec-
trode 1755.

[0061] A pixel defining layer 350 is disposed on the data
line 171, the driving voltage line 172, the switching source
electrode 173a, the driving source electrode 1735, the
switching drain electrode 175a, the driving drain electrode
175b, and the pixel electrode 191. The pixel defining layer
350 includes a pixel opening 351 exposing the pixel elec-
trode 191. The pixel defining layer 350 may include a resin
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such as a polyacrylate resin and a polyimide resin, and/or a
silica-based inorganic material.

[0062] An organic emission layer 370 is provided in the
pixel opening 351 of the pixel defining layer 350. The
organic emission layer 370 may include an emission layer,
ahole injection layer (HIL), a hole transporting layer (HTL),
an electron transporting layer (ETL), and/or an electron
injection layer (EIL). When the organic emission layer 370
includes all of these layers, the hole injection layer is
disposed on the pixel electrode 191 which is an anode
electrode, and the hole transporting layer, the emission layer,
the electron transporting layer, and the electron injection
layer may be sequentially stacked on the hole injection layer.

[0063] The organic emission layer 370 may include a red
organic emission layer for emitting red light, a green organic
emission layer for emitting green light, and a blue organic
emission layer for emitting blue light. The red organic
emission layer, the green organic emission layer, and the
blue organic emission layer are respectively formed in red,
green, and blue pixels to display a color image.

[0064] Alternatively, in the organic light emission layer
370, a color image may be implemented by respectively
stacking the red, green, and blue organic light emission
layers on the red pixel, the green pixel, and the blue pixel.
Red, green, and blue color filters may be formed for each
pixel. According to one exemplary embodiment of the
present invention, a color image may be displayed by
forming a white organic emission layer emitting white light
on each of the red, green, and blue pixels and respectively
forming red, green, and blue color filters for each pixel.
When the color image is displayed by using the white
organic emission layer and the color filters, a deposition
mask is not needed for depositing the red, green, and blue
organic emission layers on each pixel.

[0065] The white organic emission layer, in accordance
with an exemplary embodiment of the present invention,
may be formed as a single organic emission layer, and may
further include a structure for emitting white light that
includes a plurality of organic emission layers laminated to
each other. For example, a structure for emitting white light
by combining at least one yellow organic emission layer
with at least one blue organic emission layer, a structure for
emitting white light by combining at least one cyan organic
emission layer with at least one red organic emission layer,
and a structure for emitting white light by combining at least
one magenta organic emission layer with at least one green
organic emission layer may be included.

[0066] A common electrode 270 is disposed on the pixel
defining layer 350 and the organic emission layer 370. The
common electrode 270 may include a transparent conductive
material such as indium tin oxide (ITO), indium zinc oxide
(1Z0), zinc oxide (ZnO), indium oxide (In,0;), etc. The
common electrode 270 may act as the cathode of the OLED.
The pixel electrode 191, the organic emission layer 370, and
the common electrode 270 may form the OLED.

[0067] Hereinafter, a method of manufacturing the organic
light emitting diode display according to an exemplary
embodiment of the present disclosure will be described in
detail with reference to FIG. 4 1o FIG. 10.

[0068] FIGS. 4 to 10 are cross-sectional views illustrating
a method for manufacturing the organic light emitting diode
display according to an exemplary embodiment of the
present disclosure.
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[0069] As shown in FIG. 4, the buffer layer 120 is formed
on the substrate 110. The switching semiconductor 1354 and
the driving semiconductor 1355 are formed by depositing a
semiconductor material on the buffer layer 120 and then
patterning the semiconductor material. In this case, the
switching semiconductor 135« and the driving semiconduc-
tor 1355 are intrinsic semiconductors in which impurities are
not doped.

[0070] An inorganic insulating material or an organic
insulating material, such as a silicon nitride (SiNx), a silicon
oxide (SiOx), or a silicon oxynitride (SiON), is deposited on
the switching semiconductor 135¢ and the driving semicon-
ductor 135b. Then a metal material is deposited over the
insulating material (the inorganic insulating material or the
organic insulating material). The gate line 121, the switching
gate electrode 125a, the driving gate electrode 1255, and the
first storage capacitor plate 128 are formed by patterning the
metal material. The gate insulating layer 140 is formed by
using the gate line 121, the switching gate electrode 1254,
the driving gate electrode 1255, and the first storage capaci-
tor plate 128 as a mask and patterning the inorganic insu-
lating material or the organic insulating material. The insu-
lating material (the inorganic insulating material or the
organic insulating material) may be continuously deposited,
and in this case, the gate insulating layer 140 may be formed
with multiple layers.

[0071] A doping process of injecting impurity ions is
performed by using the switching gate electrode 1254 and
the driving gate electrode 1256 as a mask. The driving
semiconductor 1355 overlaps the gate insulating layer 140
and the driving gate electrode 1255 to include the source
region 13565 and the drain region 13575 positioned at
opposite sides of the channel 13556 and the channel 13555
into which the impurity ions are not injected. The source
region 13565 and the drain region 13576 do not overlap the
gate insulating layer 140 and the driving gate electrode
125b, and the impurity ions are injected therein. In a like
manner, the switching semiconductor 135« includes a chan-
nel, a source region, and a drain region.

[0072] As shown in FIG. 5, the interlayer insulating layer
160 is formed by depositing an inorganic insulating material
or an organic insulating material such as a silicon nitride
(SiNx), a silicon oxide (Si0x), a silicon oxynitride (SiON),
or a silicon oxyfluoride (SiOF) on the gate line 121, the
switching gate electrode 125a, the driving gate electrode
125b, the first storage capacitor plate 128, the switching
semiconductor 1354, the driving semiconductor 1355, and
the buffer layer 120. The insulating material (the inorganic
insulating material or the organic insulating material) may
be continuously deposited, and in this case, the interlayer
insulating layer 160 may be formed as multiple layers.
[0073] By patterning the interlayer insulating layer 160,
the contact holes 161, 162, 163, 164, 165 are formed. The
contact holes 161 and 162 expose at least some of the
switching semiconductor 135¢. The contact hole 163
exposes at least some of the first storage capacitor plate 128.
The contact holes 164 and 165 expose at least some of the
driving semiconductor 1355. The contact holes 161 and 162
also expose the source region and the drain region of the
switching semiconductor 1354, and the contact holes 164
and 165 also expose the source region 13565 and the drain
region 13576 of the driving semiconductor 1355.

[0074] As shown in FIG. 6, a barrier metal material layer
4001, a low resistance metal material layer 4002, a contact
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assistant material layer 4003, and a metal oxide material
layer 4004 are sequentially deposited on the interlayer
insulating layer 160.

[0075] The barrier metal material layer 4001 may include
titanium (Ti), molybdenum (Mo), a titanium alloy, and/or a
molybdenum alloy. A thickness of the barrier metal material
layer 4001 may be equal to or greater than about 300 A and
equal to or less than about 1000 A,

[0076] The low resistance metal material layer 4002 may
include a material having low resistivity such as aluminum
(Al), copper (Cu), an aluminum alloy, and/or a copper alloy.
A thickness of the low resistance metal material layer 4002
may be equal to or greater than about 8000 A and equal to
or less than about 14000 A.

[0077] The contact assistant material layer 4003 may be
made of an aluminum alloy including nickel (Ni), lanthanum
(La), germanium (Ge), copper (Cu), cobalt (Co), and/or
neodymium (Nd). For example, the contact assistant mate-
rial layer 4003 may be made of an aluminum-nickel-lantha-
num alloy (AINiLa). The contact assistant material layer
4003 may be made of a material which may increase
adhesion between the low resistance metal material layer
4002 and the metal oxide material layer 4004. A thickness of
the contact assistant material layer 4003 may be equal to or
j%kreater than about 300 A and equal to or less than about 3000

[0078] The metal oxide material layer 4004 may include a
transparent conductive material with a high work function
such as indium tin oxide (ITO), indium zinc oxide (IZ0),
zinc oxide (ZnQ), indium oxide (In,0,), etc. A thickness of
the metal oxide material layer 4004 may be equal to or
ireater than about 70 A and equal to or less than about 1000
[0079] As shown in FIG. 7, a photoresist 500 is coated on
the metal oxide material layer 4004, and the photoresist 500
is patterned by positioning a mask on the photoresist 500,
irradiating light thereon, and performing a developing pro-
cess.

[0080] The metal oxide layers (1714, 17345, 17545, 1914)
are formed by etching the metal oxide material layer 4004 by
using the patterned photoresist 500 as a mask. In this case,
the metal oxide material layer 4004 is patterned by a wet
etching process. The metal oxide layers (1714, 17345,
17545, 1914) include a metal oxide layer 1714 of the data
line 171, a metal oxide layer 173454 of the driving source
electrode 1735, a metal oxide layer 17545 of the driving
drain electrode 1755, and a metal oxide layer 1914 of the
pixel electrode 191. The driving voltage line 172, the
switching source electrode 173a, and the switching drain
electrode 1754 respectively include a metal oxide layer.
[0081] As shown in FIG. 8, the barrier metal layers (1711,
17315, 17515, 1911), the low resistance metal layers (1712,
17324, 17525, 1912), and the contact assistant layers (1713,
1733b, 17535, 1913) are formed by using the photoresist
500 as a mask and etching the barrier metal material layer
4001, the low resistance metal material layer 4002, and the
contact assistant material layer 4003. In this case, the barrier
metal material layer 4001, the low resistance metal material
layer 4002, and the contact assistant material layer 4003 are
patterned by using a dry etching process.

[0082] The barrier metal layers (1711, 17315, 17515,
1911) include the barrier metal layer 1711 of the data line
171, the barrier metal layer 17315 of the driving source
electrode 1734, the barrier metal layer 17515 of the driving
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drain electrode 1754, and the barrier metal layer 1911 of the
pixel electrode 191. The driving voltage line 172, the
switching source electrode 173a, and the switching drain
electrode 1754 respectively include a barrier metal layer.
[0083] The low resistance metal layers (1712, 17325,
17524, 1912) include the low resistance metal layer 1712 of
the data line 171, the low resistance metal layer 17325 of the
driving source electrode 1735, the low resistance metal layer
17520 of the driving drain electrode 1756, and the low
resistance metal layer 1912 of the pixel electrode 191. The
driving voltage line 172, the switching source electrode
173a, and the switching drain electrode 1754 each include a
low resistance metal layer.

[0084] The contact assistant layers (1713, 17335, 17535,
1913) include the contact assistant layer 1713 of the data line
171, the contact assistant layer 17335 of the driving source
electrode 1735, the contact assistant layer 175354 of the
driving drain electrode 175b, and the contact assistant layer
1913 of the pixel electrode 191. The driving voltage line
172, the switching source electrode 1734, and the switching
drain electrode 175a may each include a contact assistant
layer.

[0085] According to an exemplary embodiment of the
present invention, the metal oxide material layer 4004 is
wet-etched, and the barrier metal material layer 4001, the
low resistance metal material layer 4002, and the contact
assistant material layer 4003 are dry-etched. Since the data
line 171, the driving source electrode 1735, the driving drain
electrode 175b, and the pixel electrode 191 are patterned by
two processes, stepped shapes may be formed at the edges
of the pixel electrodes 191. For example, the edges of the
data line 171, the driving source electrode 173, the driving
drain electrode 1755, and the pixel electrode 191 are formed
to have a step shape. Particularly, there may be steps
disposed between the contact assistant layers (1713, 17335,
17536, 1913) and the metal oxide layers (1714, 17345,
17545, 1914).

[0086] Since isotropic etching is performed through the
wet etching, a desired pattern should be designed to be larger
than the expected result. Accordingly, in dry etching, the
expected result may be more similar to the designed pattern,
as compared to wet etching. Since the metal oxide material
layer 4004 might not be properly patterned by a dry etching
process, according to an exemplary embodiment of the
present invention, only the metal oxide material layer 4004
is patterned by a wet etching process. The barrier metal
material layer 4001, the low resistance metal material layer
4002, and the contact assistant material layer 4003, exclud-
ing the metal oxide material layer 4004, are patterned by the
dry etching process, thereby reducing the design margin.
[0087] According to an exemplary embodiment of the
present invention, the data line 171, the driving voltage line
172, the switching source electrode 1734, the driving source
electrode 173b, the switching drain electrode 175a, the
driving drain electrode 1755, and the pixel electrode 191 are
simultaneously formed by using a single mask. Accordingly,
compared to the case that the data line 171, the driving
voltage line 172, the switching source electrode 173a, the
driving source electrode 1735, the switching drain electrode
175a, and the driving drain electrode 1755 are patterned by
a single mask and the pixel electrode 191 is patterned by
using a separate mask. Accordingly, one mask may be
eliminated, thereby simplifying a manufacturing process and
reducing costs.
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[0088] After removing the photoresist 500, as shown in
FIG. 9, the pixel defining layer 350 is formed by using a
resin such as a polyacrylate resin or a polyimide resin, a
silica-based inorganic material, or the like. The pixel open-
ing 351, which exposes the pixel electrode 191, is formed by
patterning the pixel defining layer 350.

[0089] As shown in FIG. 10, the organic emission layer
370 is formed in the pixel opening 351. The common
electrode 270 is formed with a transparent conductive mate-
rial such as indium tin oxide (ITO), indium zinc oxide (1Z0),
zine oxide (ZnO), or indium oxide (In,O;) on the pixel
defining layer 350 and the organic emission layer 370.
[0090] An organic light emitting diode display according
to an exemplary embodiment of the present disclosure will
now be described with reference to FIG. 11.

[0091] The organic light emitting diode display according
to an exemplary embodiment of the present disclosure
shown in FIG. 11 includes many portions that are the same
as in the organic light emitting diode display according to
the exemplary embodiment of the present disclosure shown
in FIG. 1 to FIG. 3. Accordingly, it may be assumed that
where elements of FIG. 11 are not separately described,
these elements may be assumed to be similar to, or identical
to, the corresponding elements described with respect to
FIGS. 1-3. In the present exemplary embodiment, the fea-
ture in which the data line, the driving source electrode, the
driving drain electrode, and the pixel electrode further
include an etch stopping layer is different from the previous
exemplary embodiment, and these differences will now be
described in detail.

[0092] FIG. 11 illustrates a cross-sectional view of an
organic light emitting diode display according to an exem-
plary embodiment of the present disclosure.

[0093] In the organic light emitting diode display accord-
ing to the exemplary embodiment of the present disclosure,
the buffer layer 120 is disposed on the substrate 110, the
driving semiconductor 1355 is disposed on the buffer layer
120, and the gate insulating layer 140 is disposed on both the
buffer layer 120 and the driving semiconductor 1355. The
driving gate electrode 1256 and the first storage capacitor
plate 128 are each disposed on the gate insulating layer 140.
The interlayer insulating layer 160 is disposed on both the
driving gate electrode 1255 and the first storage capacitor
plate 128.

[0094] The data line 171, the driving source electrode
1735, the driving drain electrode 1756, and the pixel elec-
trode 191 are each disposed on the interlayer insulating layer
160. The data line 171, the driving source electrode 1735,
the driving drain electrode 1755, and the pixel electrode 191
are all disposed in the same layer.

[0095] The data line 171, the driving source electrode
1735, the driving drain electrode 175b, and the pixel elec-
trode 191 include the barrier metal layers (1711, 17315,
17515, 1911), respectively, the low resistance metal layers
(1712, 17325, 17525, 1912), respectively, the etch stopping
layers (1715, 1735b, 17555, 1915), respectively, the contact
assistant layers (1713, 17335, 1753b, 1913), respectively,
and the metal oxide layers (1714, 17345, 1754b, 1914),
respectively. The driving voltage line, the switching source
electrode, and the switching drain electrode may each
include the barrier metal layer, the low resistance metal
layer, the etch stopping layer, the contact assistant layer, and
the metal oxide layer.
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[0096] The low resistance metal layers (1712, 17326,
17525, 1912) are disposed on the barrier metal layers (1711,
17315, 1751b, 1911), respectively, and the metal oxide
layers (1714, 17345, 17545, 1914) are disposed on the low
resistance metal layers (1712, 17325, 17525, 1912), respec-
tively. The contact assistant layers (1713, 173356, 17535,
1913) are disposed between the low resistance metal layers
(1712, 17325b, 1752b, 1912) and the metal oxide layers
(1714, 17345, 17545, 1914), respectively. The etch stopping
layers (1715, 17355, 17555, 1915) are disposed between the
low resistance metal layers (1712, 173256, 175256, 1912) and
the contact assistant layers (1713, 17335, 17535, 1913),
respectively.

[0097] The etch stopping layers (1715, 17356, 17556,
1915) may be made of the same material as the barrier metal
layers (1711, 17315, 17515, 1911). The etch stopping layers
(1715, 1735b, 1755b, 1915) may include titanium (Ti),
molybdenum (Mo), a titanium alloy, and/or a molybdenum
alloy.

[0098] Edges of the data line 171, the driving source
electrode 1735, a driving drain electrode 175b, and the pixel
electrode 191 have a step shape that may be seen in the
cross-sectional view. For example, the edges of the data line
171, the driving source electrode 1735, the driving drain
electrode 175b, and the pixel electrode 191 are formed to
have a step shape. These steps may be formed between the
etch stopping layers (1715, 1735b, 1755b, 1915) and the
contact assistant layers (1713, 17335, 175356, 1913), respec-
tively. In the cross-sectional view, the contact assistant
layers (1713, 17335, 1753b, 1913) are formed to have a
smaller width than those of the etch stopping layers (1715,
17356, 17556, 1915). At the edges of the data line 171, the
driving source electrode 1736, the driving drain electrode
175b, and the pixel electrode 191, widths (W) of portions at
which the etch stopping layers (1715, 1735b, 1755b. 1915)
are not covered by the contact assistant layers (1713, 17335,
17535, 1913) are equal to or greater than about 0.1 Gm. The
etch stopping layers (1715, 17356, 1755b, 1915), the low
resistance metal layers (1712, 17325, 17525, 1912), and the
barrier metal layers (1711, 17315, 17515, 1911) are formed
to have a taper shape.

[0099] The organic emission layer 370 is disposed on the
pixel electrode 191, and the common electrode 270 is
disposed on the organic emission layer 370 and the pixel
defining layer 350.

[0100] Hereinafter, a method of manufacturing the organic
light emitting diode display according to an exemplary
embodiment of the present disclosure will be described with
reference to FIG. 12 to FIG. 16.

[0101] FIGS. 12 to 16 are cross-sectional views illustrat-
ing a method of manufacturing the organic light emitting
diode display according to the exemplary embodiment of the
present disclosure.

[0102] As shown in FIG. 12, the buffer layer 120 is
disposed on the substrate 110, the driving semiconductor
1356 is disposed on the buffer layer 120, and the gate
insulating layer 140 is disposed on the buffer layer 120 and
the driving semiconductor 1355. The driving gate electrode
12556 and the first storage capacitor plate 128 are disposed on
the gate insulating layer 140, and the interlayer insulating
layer 160 is disposed on the driving gate electrode 1255 and
the first storage capacitor plate 128.

[0103] The barrier metal material layer 4001, the low
resistance metal material layer 4002, an etch stopping mate-
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rial layer 4005, the contact assistant material layer 4003, and
the metal oxide material layer 4004 are sequentially depos-
ited on the interlayer insulating layer 160.

[0104] The etch stopping material layer 4005 may be
made of the same material as the barrier metal material layer
4001. The etch stopping material layer 4005 may include
titanium (Ti), molybdenum (Mo), a titanium alloy, and/or a
molybdenum alloy.

[0105] As shown in FIG. 13, the photoresist 500 is coated
on the metal oxide material layer 4004, where it may then be
patterned.

[0106] The contact assistant layers (1713, 173354, 17535,
1913) and the metal oxide layers (1714, 1734b, 17545,
1914) are formed by using the patterned photoresist 500 as
a mask and etching the contact assistant material layer 4003
and the metal oxide material layer 4004. In this case, the
metal oxide material layer 4004 and the contact assistant
material layer 4003 may be patterned and then etched by a
wet etching process.

[0107] The contact assistant layers (1713, 173354, 17535,
1913) include the contact assistant layer 1713 of the data line
171, the contact assistant layer 17335 of the driving source
electrode 1735, the contact assistant layer 17535 of the
driving drain electrode 1755, and the contact assistant layer
1913 of the pixel electrode 191. The driving voltage line, the
switching source electrode, and the switching drain elec-
trode may each include a contact assistant layer.

[0108] The metal oxide layers (1714, 17345, 1754b,1914)
include the metal oxide layer 1714 of the data line 171, the
metal oxide layer 17345 of the driving source electrode
173b, the metal oxide layer 17545 of the driving drain
electrode 1755, and the metal oxide layer 1914 of the pixel
electrode 191. The driving voltage line, the switching source
electrode, and the switching drain electrode may each
include a metal oxide layer.

[0109] As shown in FIG. 14, the barrier metal layers
(1711, 17315, 17515, 1911), the low resistance metal layers
(1712, 17325, 17525, 1912), and the etch stopping layers
(1715, 1735b, 1755b, 1915) are formed by using the pho-
toresist 500 as a mask and etching the barrier metal material
layer 4001, the low resistance metal material layer 4002, and
the etch stopping material layer 4005. In this case, the barrier
metal material layer 4001, the low resistance metal material
layer 4002, and the etch stopping material layer 4005 are
patterned and then etched by a dry etching process.

[0110] The barrier metal layers (1711, 17315, 17515,
1911) include the barrier metal layer 1711 of the data line
171, the barrier metal layer 17315 of the driving source
electrode 1734, the barrier metal layer 17515 of the driving
drain electrode 1755, and the barrier metal layer 1911 of the
pixel electrode 191. The driving voltage line, the switching
source electrode, and the switching drain electrode may each
include a barrier metal layer.

[0111] The low resistance metal layers (1712, 17325,
17524, 1912) include the low resistance metal layer 1712 of
the data line 171, the low resistance metal layer 17325 of the
driving source electrode 1735, the low resistance metal layer
17525 of the driving drain electrode 1755, and the low
resistance metal layer 1912 of the pixel electrode 191. The
driving voltage line, the switching source electrode, and the
switching drain electrode may each include a low resistance
metal layer.

[0112] The etch stopping layers (1715, 1735b, 17556,
1915) include the etch stopping layer 1715 of the data line
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171, the etch stopping layer 1715 of the driving source
electrode 1735, the etch stopping layer 1715 of the driving
drain electrode 1755, and the etch stopping layer 1915 of the
pixel electrode 191. The driving voltage line, the switching
source electrode, and the switching drain electrode may each
include an etch stopping layer.

[0113] According to an exemplary embodiment of the
present invention, the metal oxide material layer 4004 and
the contact assistant material layer 4003 are wet-etched, and
then the barrier metal material layer 4001, the low resistance
metal material layer 4002, and the etch stopping layer 4005
are dry-etched. Since the data line 171, the driving source
electrode 1735, the driving drain electrode 175b, and the
pixel electrode 191 are patterned by two processes, stepped
shapes may be formed at the edges of these elements. For
example, the edges of the data line 171, the driving source
electrode 1735, the driving drain electrode 175b, and the
pixel electrode 191 are formed to have a step shape. Steps
may be formed between the contact assistant layers (1713,
17335, 17535, 1913) and the etch stopping layers (1715,
17355, 1755b, 1915).

[0114] When the contact assistant material layer 4003 is
patterned through the dry etching process, some portion
thereof may remain as residue. For example, when the
contact assistant material layer 4003 includes an aluminum-
nickel-lanthanum alloy and is dry-etched, a component of
nickel or lanthanum may remain as residue. To prevent the
occurrence of residue, if the contact assistant material layer
4003 is patterned through a wet etching process, the low
resistance metal material layer 4002 disposed below the
contact assistant material layer 4003 may be etched as well.
For example, since there is no etchant with selectivity
between the contact assistant material layer 4003 and the
low resistance metal material layer 4002, the contact assis-
tant material layer 4003 might not be able to be patterned
through the wet etching process and the low resistance metal
material layer 4002 might not be able to be patterned
through the dry etching process.

[0115] According to an exemplary embodiment of the
present invention, since the etch stopping material layer
4005 is disposed between the low resistance metal layer
4002 and the contact assistant material layer 4003, although
the contact assistant material layer 4003 is patterned through
the wet etching process, the low resistance metal layer 4002
is protected by the etch stopping material layer 4005.
Accordingly, by wet-etching the contact assistant material
layer 4003, it is possible to prevent the residue from occur-
ring, and in this case, it is possible to prevent the low
resistance metal layer 4002 from being etched.

[0116] After removing the photoresist 500, as shown in
FIG. 15, the pixel defining layer 350 is formed. The pixel
opening 351, which exposes the pixel electrode 191, is
formed by patterning the pixel defining layer 350.

[0117] As shown in FIG. 16, the organic emission layer
370 is formed in the pixel opening 351. The common
electrode 270 is disposed on the pixel defining layer 350 and
the organic emission layer 370.

[0118] The organic light emitting diode display according
to an exemplary embodiment of the present disclosure will
be described below with reference to FIG. 17 and FIG. 18.
[0119] The organic light emitting diode display according
to an exemplary embodiment of the present disclosure
shown in FIGS. 17 and 18 includes many portions that are
the same as in the organic light emitting diode display
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according to the exemplary embodiment of the present
disclosure shown in FIGS. 1 to 3. Identical elements are not
described again, and accordingly, it may be assumed that
where an element is not described, that element may be
similar to or identical to corresponding elements previously
described. In the present exemplary embodiment, the feature
in which the data line is disposed in the same layer as the
gate line is different from the previous exemplary embodi-
ment, and will now be described in detail.

[0120] FIG. 17 is a layout view illustrating two adjacent
pixels of the organic light emitting diode display according
to an exemplary embodiment of the present disclosure, and
FIG. 18 is a cross-sectional view taken along line XVIII-
XVIII of FIG. 17.

[0121] As shown in FIG. 17 and FIG. 18, in the organic
light emitting diode display according to an exemplary
embodiment of the present disclosure, the buffer layer 120
is disposed on the substrate 110, and the switching semi-
conductor 135« and the driving semiconductor 1356 are
disposed on the buffer layer 120. The gate insulating layer
140 is disposed on the switching semiconductor 1354, the
driving semiconductor 1355, and the buffer layer 120.
[0122] The gate line 121, the switching gate electrode
125a, the driving gate electrode 1255, and the first storage
capacitor plate 128 are disposed on the gate insulating layer
140, and the data line 171 is disposed on the buffer layer 120.
[0123] The data line 171 may include a same material as
the gate line 121, and the data line 171 is disposed in the
same layer as the gate line 121. The data line 171 is formed
together in a process of forming the gate line 121, the
switching gate electrode 1254, the driving gate electrode
125b, and the first storage capacitor plate 128.

[0124] The gate line 121 and the data line 171 extend in
directions substantially perpendicular to each other. Since
different signals are applied to the gate line 121 and the data
line 171, the gate line 121 and the data line 171 are spaced
apart from each other so as not to be short-circuited. The
data line 171 may consist of several portions cut around the
gate line 121.

[0125] The interlayer insulating layer 160 is disposed on
the gate line 121, the switching gate electrode 1254, the
driving gate electrode 1255, the first storage capacitor plate
128, and the data line 171.

[0126] A contact hole 169 overlapping at least some of the
data line 171 is provided in the interlayer insulating layer
160. For example, the contact hole 169 overlaps an end
portion of the data line 171.

[0127] A data connecting member 179, the driving voltage
line 172, the switching source electrode 173a, the driving
source electrode 1734, the switching drain electrode 1754,
the driving drain electrode 1754, and the pixel electrode 191
are disposed on the interlayer insulating layer 160.

[0128] The data connecting member 179 may include a
same material as the driving voltage line 172, the switching
source electrode 173a, the driving source electrode 1735, the
switching drain electrode 1754, the driving drain electrode
175b, and the pixel electrode 191. The data connecting
member 179 is disposed in the same layer as the driving
voltage line 172, the switching source electrode 1734, the
driving source electrode 1735, the switching drain electrode
175a, the driving drain electrode 175b, and the pixel elec-
trode 191. The data connecting member 179 is formed
together with the driving voltage line 172, the switching
source electrode 173a, the driving source electrode 1735, the
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switching drain electrode 1754, the driving drain electrode
175b, and the pixel electrode 191, as part of a single process.
[0129] The data connecting member 179 may include a
barrier metal layer, a low resistance metal layer, a contact
assistant layer, and a metal oxide layer. However, exemplary
embodiments of the present invention are not limited
thereto, and the data connecting member 179 may include a
barrier metal layer, a low resistance metal layer, an etch
stopping layer, a contact assistant layer, and a metal oxide
layer.

[0130] The data connecting member 179 connects adja-
cent data lines 171, and connects the data line 171 and the
switching source electrode 173a. The data connecting mem-
ber 179 is connected to the data line 171 through the contact
hole 169.

[0131] While this disclosure has been described in con-
nection with what is presently considered to be practical
exemplary embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but,
on the contrary, is intended to cover various modifications
and equivalent arrangements.

What is claimed is:
1. An organic light emitting diode display device, com-
prising:

a substrate;

a semiconductor disposed on the substrate;

a gate electrode disposed on the semiconductor;

a source electrode connected to a first portion of the
semiconductor;

a drain electrode connected to a second portion of the
semiconductor; and

a pixel electrode connected to the drain electrode,

wherein each of the source electrode, the drain electrode,
and the pixel electrode includes:

a barrier metal layer;

a low resistance metal layer disposed on the barrier metal
layer;

a metal oxide layer disposed on the low resistance metal
layer; and

a contact assistant layer disposed between the low resis-
tance metal layer and the metal oxide layer,

wherein the source electrode, the drain electrode, and the
pixel electrode each have a step shape in which a first
layer thereof is wider than a second layer thereof, the
second layer being disposed directly on the first layer.

2. The organic light emitting diode display of claim 1,
wherein

astep is formed between the contact assistant layer, which
is the first layer, and the metal oxide layer, which is the
second layer.

3. The organic light emitting diode display of claim 2,
wherein

the contact assistant layer has a bottom width that is larger
than a top width thereof, the low resistance metal layer
has a bottom width equal in size to the top width of the
contact assistant layer and the low resistance metal
layer has a top width that is smaller than the bottom
width thereof, and the barrier metal layer has a bottom
width that is equal in size to the top width of the low
resistance metal layer and the barrier metal layer has a
top width that is smaller than the bottom width thereof.
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4. The organic light emitting diode display of claim 1,
wherein
the barrier metal layer includes titanium, molybdenum, a
titanium alloy, or a molybdenum alloy,
the low resistance metal layer includes aluminum, copper,
an aluminum alloy, or a copper alloy,
the contact assistant layer includes an alloy of aluminum
and nickel, lanthanum, germanium, copper, cobalt, or
neodymium, and
the metal oxide layer includes indium-tin oxide, indium-
zinc oxide, zinc oxide, or indium oxide.
5. The organic light emitting diode display of claim 4,
wherein
the contact assistant layer includes an aluminum-nickel-
lanthanum alloy.
6. The organic light emitting diode display of claim 1,
wherein
the source electrode, the drain electrode, and the pixel
electrode are disposed in a same layer.
7. The organic light emitting diode display of claim 1,
wherein
the drain electrode and the pixel electrode are integrally
formed.
8. The organic light emitting diode display of claim 1,
wherein
each of the source electrode, the drain electrode, and the
pixel electrode additionally includes an etch stopping
layer disposed between the low resistance metal layer
and the contact assistant layer.
9. The organic light emitting diode display of claim 8,
wherein
the etch stopping layer includes titanium or molybdenum.
10. The organic light emitting diode display of claim 1,
further comprising:
a gate line connected to the gate electrode;
a data line disposed in a same layer as the gate line and
spaced apart from the gate line; and
a data connector that connects the data line and the source
electrode.
11. A method of manufacturing an organic light emitting
diode display, comprising:
forming a semiconductor on a substrate;
forming a gate electrode on the semiconductor;
forming an interlayer insulating layer on both the semi-
conductor and the gate electrode;
patterning the interlayer insulating layer to form a contact
hole that exposes a first portion and a second portion of
the semiconductor;
sequentially depositing a barrier metal material layer, a
low resistance metal material layer, a contact assistant
material layer, and a metal oxide material layer on the
interlayer insulating layer; and
forming a source electrode connected to the first portion
of the semiconductor, a drain electrode connected to the
second portion of the semiconductor, and a pixel elec-
trode connected to the second portion of the semicon-
ductor layer, by patterning the barrier metal material
layer, the low resistance metal material layer, the con-
tact assistant material layer, and the metal oxide mate-
rial layer,
wherein the source electrode, the drain electrode, and the
pixel electrode are each formed to have a step shape in
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which a first layer thereof is wider than a second layer
thereof, the second layer being disposed directly on the
first layer.

12. The method of claim 1, wherein,

the patterning of the barrier metal material layer, the low
resistance metal material layer, the contact assistant
material layer, and the metal oxide material layer
includes:

forming a metal oxide layer by patterning the metal oxide
material layer; and

forming a barrier metal layer, a low resistance metal layer,
and a contact assistant layer by simultaneously pattern-
ing the barrier metal material layer, the low resistance
metal material layer, and the contact assistant material
layer.

13. The method of claim 12, wherein,

the patterning of the metal oxide material layer is per-
formed by a wet etching method, and

the patterning of the barrier metal material layer, the low
resistance metal material layer, and the contact assistant
material layer is performed by a dry etching method.

14. The method of claim 13, wherein

a step is formed between the contact assistant layer and
the metal oxide layer.

15. The method of claim 11, wherein

the barrier metal layer includes titanium, molybdenum, a
titanium alloy, or a molybdenum alloy,

the low resistance metal layer includes aluminum, copper,
an aluminum alloy, or a copper alloy,

the contact assistant layer includes an alloy of aluminum
and nickel, lanthanum, germanium, copper, cobalt, or
neodymium, and

the metal oxide layer includes indium-tin oxide, indium-
zinc oxide, zinc oxide, or indium oxide.

16. The method of claim 11, further comprising;

depositing an etch stopping material layer between the
low resistance metal material layer and the contact
assistant material layer,
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wherein the source electrode, the drain electrode, and the
pixel electrode are formed by patterning the barrier
metal material layer, the low resistance metal material
layer, the etch stopping material layer, the contact
assistant material layer, and the metal oxide material
layer.

17. The method of claim 16, wherein,

the patterning of the barrier metal material layer, the low
resistance metal material layer, the etch stopping mate-
rial layer, the contact assistant material layer, and the
metal oxide material layer includes:

forming a metal oxide layer and a contact assistant layer
by patterning the contact assistant material layer and
the metal oxide material layer; and

forming the barrier metal layer, the low resistance metal
layer, and an etch stopping layer by patterning the
barrier metal material layer, the low resistance metal
material layer, and the etch stopping material layer.

18. The method of claim 17, wherein,

the patterning of the contact assistant material layer and
the metal oxide material layer is performed by a wet
etching method, and

the patterning of the barrier metal material layer, the low
resistance metal material layer, and the etch stopping
material layer is performed by a dry etching method.

19. The method of claim 18, wherein,

the etch stopping material layer includes titanium or
molybdenum.

20. The method of claim 11, wherein,

in the forming of the gate electrode,

a gate line connected to the gate electrode is formed
concurrently with a data line that is spaced apart from
the gate line, and

in the forming of the source electrode,

a data connecting member connecting the data line and
the source electrode is formed.
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