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(57) ABSTRACT

A thin film transistor array substrate includes a thin film
transistor including a first gate electrode, an active layer, a
source electrode, and a drain electrode. A first conductive
layer pattern is on a same layer as the source electrode and the
drain electrode and formed of a same material as the source
electrode and the drain electrode. An insulating layer is on the
first conductive layer pattern and has an opening exposing a
patterning cross-section of the first conductive layer pattern.
A pixel electrode is on the insulating layer and is coupled to
the source electrode or the drain electrode through a contact
hole passing through the insulating layer. A diffusion preven-
tion layer covers the patterning cross-section of the first con-
ductive layer pattern and inclined side surfaces of the insu-
lating layer exposed through the opening.
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THIN FILM TRANSISTOR ARRAY
SUBSTRATE, ORGANIC LIGHT-EMITTING
DISPLAY APPARATUS, AND METHOD OF
MANUFACTURING THE THIN FILM
TRANSISTOR ARRAY SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0157526, filed on
Dec. 17,2013, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of embodiments of the present invention are
directed toward a thin film transistor array substrate, an
organic light-emitting display apparatus, and a method of
manufacturing the thin film transistor array substrate.

[0004] 2. Description of the Related Art

[0005] A thin film transistor array substrate including a thin
film transistor, a capacitor, and a wire connecting the thin film
transistor and the capacitor has been widely used in a flat
panel display apparatuses, such as a liquid-crystal display
apparatus or an organic light-emitting display apparatus.
[0006] In an organic light-emitting display apparatus using
(e.g., utilizing) a thin film transistor array substrate, a plural-
ity of gate lines and data wires are arranged in a matrix form
to define pixels. Fach pixel includes a thin film transistor, a
capacitor, and an organic light-emitting device connected to
the thin film transistor and the capacitor. The organic light-
emitting device displays a desired image when a driving
signal is applied thereto from the thin film transistor and the
capacitor.

SUMMARY

[0007] Aspects of embodiments of the present invention are
directed toward a light-emitting display apparatus with excel-
lent device characteristics and high display quality.

[0008] An embodiment of the present invention provides a
thin film transistor array substrate including: a thin film tran-
sistor including a gate electrode, an active layer, a source
electrode, and a drain electrode; a first conductive layer pat-
tern on a same layer as the source electrode and the drain
electrode and formed of a same material as the source elec-
trode and the drain electrode; an insulating layer on the first
conductive layer pattern, the insulating layer having an open-
ing exposing a patterning cross-section of the first conductive
layer pattern; a pixel electrode on the insulating layer and
coupled to either the source electrode or the drain electrode
through a contact hole passing through the insulating layer;
and a diffusion prevention layer covering the patterning
cross-section of'the first conductive layer pattern and inclined
side surfaces of the insulating layer exposed through the
opening.

[0009] The first conductive layer pattern may include: a
metal layer including a copper or a copper alloy; and a first
barrier layer interposed between the metal layer and the insu-
lating layer.

[0010] A patterning cross-section of the metal layer may be
flush with a patterning cross-section of the first barrier layer.
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[0011] The first barrier layer may include indium tin oxide
(ITO), indium zinc oxide (IZ0O), molybdenum (Mo), molyb-
denum nitride (MoN), molybdenum-niobium (MoNb),
molybdenum-vanadium  (MoV), molybdenum-titanium
(MoTi), and/or molybdenum-tungsten (MoW).

[0012] The first conductive layer pattern may further
include a second barrier layer underneath the metal layer.

[0013] A patterning cross-section of the metal layer may be
flush with a patterning cross-section of the second barrier
layer.

[0014] The second barrier layer may include indium tin

oxide (ITO), indium zinc oxide (IZ0O), molybdenum (Mo),
molybdenum nitride (MoN), molybdenum-niobium (MoNb),
molybdenum-vanadium  (MoV), molybdenum-titanium
(MoTi), and/or molybdenum-tungsten (MoW).

[0015] The first conductive layer pattern may include the
source electrode and the drain electrode of a second thin film
transistor, an electrode of a capacitor, a data wire, and/or a
driving wire.

[0016] The insulating layer may include an organic insu-
lating material.
[0017] Theinsulating layer may contact an upper portion of

the first conductive layer pattern.

[0018] The diffusion prevention layer may include a same
material as the pixel electrode.

[0019] The diffusion prevention layer may contact the pat-
terning cross-section of the first conductive layer pattern.
[0020] The diffusion prevention layer may contact the pat-
terning cross-section of the insulating layer exposed through
the opening.

[0021] The diffusion prevention layer may include a plu-
rality of patterns which are insulated from each other.
[0022] The thin film transistor array substrate may further
include a pixel-defining film on the insulating layer, and the
pixel-defining film may include an opening configured to
expose a top surface of the pixel electrode.

[0023] The pixel-defining film may include an organic
insulating material.

[0024] The thin film transistor may be a bottom gate thin
film transistor.

[0025] The thin film transistor may be a top gate thin film
transistor.

[0026] Another embodiment of the present invention pro-
vides an organic light-emitting display apparatus including: a
substrate; a thin film transistor on the substrate and including
a gate electrode, an active layer, a source electrode, and a
drain electrode; a first conductive layer pattern on a same
layer as the source electrode and the drain electrode and
formed of a same material as the source electrode and the
drain electrode; an insulating layer having an opening expos-
ing a patterning cross-section of the first conductive layer
pattern; a pixel electrode on the insulating layer and coupled
to either the source electrode or the drain electrode through a
contact hole passing through the insulating layer; a diffusion
prevention layer covering the patterning cross-section of the
first conductive layer pattern and inclined side surfaces of the
insulating layer exposed through the opening; an organic
light-emitting layer on the pixel electrode; and an opposite
electrode on the organic light-emitting layer.

[0027] At least one of the pixel electrode and the opposite
electrode may be a transmissible electrode.

[0028] A method of manufacturing a thin film transistor
array substrate according to an embodiment of the present
invention includes: forming a thin film transistor including a
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gate electrode, an active layer, a source electrode, and a drain
electrode on a substrate; forming a first conductive layer
pattern on a same layer as the source electrode and the drain
electrode and of a same material as the source electrode and
the drain electrode; forming an insulating layer on the first
conductive layer pattern, the insulating layer having an open-
ing exposing a cross-section of the first conductive layer
pattern; forming a diffusion prevention layer covering the
cross-section of'the first conductive layer pattern and inclined
side surfaces of the insulating layer exposed through the
opening; and forming a pixel electrode coupled to the source
electrode or the drain electrode, concurrently (e.g., together)
with the diffusion prevention layer.

[0029] The forming of the first conductive layer pattern
may include: forming (e.g., depositing) a metal layer includ-
ing a copper or a copper alloy; continuously forming (e.g.,
depositing) a first barrier layer on the metal layer in a same
chamber; and concurrently (e.g., simultaneously) patterning
the metal layer and the first barrier layer.

[0030] Inoneembodiment, a second barrier layer is further
formed (e.g., deposited) underneath the metal layer, the sec-
ond barrier layer, the metal layer, and the first barrier layer are
continuously formed (e.g., deposited) ina same chamber, and
the second barrier layer, the metal layer, and the first barrier
layer are concurrently (e.g., simultaneously) patterned.

[0031] In one embodiment, the method further includes,
forming a pixel-defining film on the insulating layer, the
pixel-defining film configured to expose a top surface of the
pixel electrode.

[0032] Theinsulating layer and the pixel-defining film each
may include an organic insulating material.

[0033] Another embodiment of the present invention pro-
vides a thin film transistor array substrate including: a thin
film transistor including a gate electrode, an active layer, a
source electrode, and a drain electrode; a first conductive
layer pattern on a same layer as the source electrode and the
drain electrode; a first electrode on the first conductive layer
pattern; and a protection layer on a same layer as the first
electrode and contacting both side walls of the first conduc-
tive layer pattern.

[0034] In one embodiment, the first conductive layer pat-
tern includes: a metal layer including a copper or a copper
alloy; and a first barrier layer on the metal layer.

[0035] A patterning cross-section of the metal layer may be
flush with a patterning cross-section of the first barrier layer.

[0036] The protection layer may include a same material as
the first electrode.

[0037] Theprotection layer may contact (e.g., directly con-
tact) the patterning cross-section of the first conductive layer
pattern.

[0038] Another embodiment of the present invention pro-
vides a thin film transistor array substrate including: a thin
film transistor including a gate electrode, an active layer, a
source electrode, and a drain electrode; a first conductive
layer pattern on a same layer as the source electrode and the
drain electrode; a first electrode on the first conductive layer
pattern; a first insulating layer on the first electrode; and a
protection layer contacting both side walls of the first con-
ductive layer pattern and the first insulating layer.

[0039] The first insulating layer may include an organic
insulating material.
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[0040] The thin film transistor array substrate may further
include a second electrode on the first insulating layer, the
second electrode including a same material as the first elec-
trode.

[0041] Other aspects, features, and advantages than those
described above may be realized by a person having ordinary
skill in the art in view of the following sections including the
brief description of the drawings, the claims, and the detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] These and/or other aspects will be apparent and
readily appreciated by those having ordinary skill in the art
from the following description of the embodiments, taken in
conjunction with the accompanying drawings in which:
[0043] FIG. 1 is a schematic plan view of a display appa-
ratus according to an embodiment of the present invention;
[0044] FIG. 2 shows a circuit diagram of a pixel of the
display apparatus of FIG. 1;

[0045] FIG. 3 is an enlarged view of a portion of a display
area according to an embodiment of the present invention;

[0046] FIG. 4isa cross-sectional view taken along the line
14 of FIG. 3;
[0047] FIGS. 5A to 5G are views illustrating a method of

manufacturing a display apparatus, according to an embodi-
ment of the present invention;

[0048] FIG. 6 is an enlarged view of a portion of a display
area according to another embodiment of the present inven-
tion;

[0049] FIG. 7is a cross-sectional view taken along the line
II-II' of FIG. 6; and

[0050] FIGS. 8A to 8G are views illustrating a method of
manufacturing a display apparatus, according to another
embodiment of the present invention.

[0051] FIG. 9 is a schematic cross-sectional view of a dis-
play apparatus according to a third embodiment of the present
invention

DETAILED DESCRIPTION

[0052] Reference will now be made in detail to example
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. wherein like ref-
erence numerals refer to like elements throughout. In this
regard, the present embodiments may have various forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the embodiments are merely
described below, by reference to the figures, to explain
aspects of the present description. As used herein, the term
“and/or” includes any and all combinations of one or more of
the associated listed items. Expressions 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.
[0053] The present invention may be variously modified
and may have several embodiments. Accordingly, embodi-
ments will be illustrated in the drawings and described in the
detailed description as examples only. The effects and fea-
tures of the present invention, and implementation methods
thereof, may be clarified through the description of the fol-
lowing embodiments with reference to the accompanying
drawings. The present invention may, however, be embodied.
in various different forms and should not be construed as
limited to the embodiments set forth herein.
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[0054] Embodiments of the present invention are described
below in detail with reference to the accompanying drawings,
and when referring to the drawings, the same or similar com-
ponents are denoted by the same reference numerals and are
not repetitively described.

[0055] Itwill be understood that, although the terms “first”,
“second”, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. Instead, these terms are only used to distinguish one
component from another.

[0056] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0057] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of the stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0058] It will be understood that when a layer, region, or
component is referred to as being “formed on” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
one or more intervening layers, regions, or components may
be present.

[0059] Sizes of elements in the drawings may be exagger-
ated for the convenience of illustration. In other words, since
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for the convenience of illustration, the
embodiments of the present invention are not limited thereto.
[0060] When a certain embodiment may be implemented
differently, a specific process order may be performed differ-
ently from the described order. For example, two consecu-
tively described processes may be performed at substantially
the same time or performed in an order that is the same or
opposite to the described order.

[0061] FIG. 1 is a schematic plan view of a display appa-
ratus according to an embodiment of the present invention.
FIG. 2 shows a circuit diagram of a pixel of the display
apparatus of FIG. 1.

[0062] Referring to FIG. 1, a display area DA including a
plurality of pixels P for displaying an image is located on a
substrate 10 of the display apparatus 1. The display area DA
is located inside a sealing line SL, and an encapsulation
member encapsulating the display area DA is formed along
the sealing line SL.

[0063] A plurality of pixels P, each including a thin film
transistor and an organic light-emitting device, are arranged
on the display area DA. The pixels P may each include, as
illustrated in the circuit diagram of FIG. 2, a driving wire 25,
a data wire 27, a scan line 26, a first transistor 21 that is a
switching transistor, a storage capacitor 22, a second transis-
tor 23 that is a driving transistor, and a light-emitting device
24.

[0064] According to an embodiment of the present inven-
tion, when a signal of the scan line 26 is active, a voltage level
of the data wire 27 is stored in the storage capacitor 22
through the first transistor 21. The second transistor 23 gen-
erates a light-emitting current IOLED according to a gate
voltage Vgs that is determined according to a voltage level
stored in the storage capacitor 22, and provides the generated
current IOLED to the light-emitting device 24. According to
an embodiment of the present invention, the light-emitting
device 24 may be an organic light-emitting diode.
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[0065] Hereinafter, the display apparatus 1 according to a
first embodiment of the present invention will be described in
detail by referring to FIGS. 3 and 4. FIGS. 3 and 4 illustrate a
display apparatus using (e.g., utilizing) a bottom-gate thin
film transistor configured as either a driving transistor or a
switching transistor, according to an embodiment of the
present invention.

[0066] FIG. 3 is an enlarged view of a portion of the display
area DA according to an embodiment of the present invention.
FIG. 4 is a cross-sectional view taken along the line I-I' of
FIG. 3.

[0067] In the display apparatus 1 according to the present
embodiment, each of the pixels that constitute the display
area DA includes the first transistor 21 for switching, the
second transistor 23 for driving, the capacitor 22, and the
light-emitting device 24. The number of transistors and
capacitors are provided for illustrative purposes only, and
embodiments of the present invention are not limited thereto.
[0068] A first transistor area TRs1 including at least one
switching thin film transistor, a capacitor area CAP1 includ-
ing at least one storage capacitor, a second transistor area
TRd1 including at least one driving thin film transistor, and a
pixel area PXL1 including at least one organic layer are
positioned on the substrate 110.

[0069] The first transistor area TRs1 includes the substrate
110, a buffer layer 111, the first transistor 21, and a diffusion
prevention layer 240.

[0070] The first transistor 21 includes a first gate electrode
212, a first active layer 214, a source electrode 2164, and a
drain electrode 2164. The first source electrode 216a is
coupled (e.g.. connected) to the data wire 27 to provide a data
signal to the first active layer 214. The first drain electrode
2165 is coupled to a first electrode 222 of the capacitor 22 to
store a data signal in the capacitor 22.

[0071] The substrate 110 may be a glass substrate, or a
plastic substrate including polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), or polyimide. The buffer
layer 111 may be further located on the substrate 110 to form
a substantially flat surface, and to substantially prevent per-
meation of impurity elements. The buffer layer 111 may have
a single or multi-layered structure, formed of at least one
selected from silicon nitride and silicon oxide.

[0072] In the first transistor area TRs1, the first gate elec-
trode 212 of the first transitor 21 is positioned on the buffer
layer 111. The first gate electrode 212 may have, for example,
asingle or multi-layered structure formed of at least one metal
selected from aluminum (Al), platinum (Pt), palladium (Pd),
silver (Ag), magnesium (Mg), gold (Au), nickel (Ni), neody-
mium (Nd), iridium (Ir), chromium (Cr), nickel (L), calcium
(Ca), molybdenum (Mo), titanium (Ti), tungsten (W), and
copper (Cu).

[0073] A first insulating layer 113 that is a gate insulating
film is positioned on the first gate electrode 212.

[0074] The first active layer 214 is positioned on the first
insulating layer 113. The first active layer 214 may include an
oxide semiconductor. For example, the first active layer 214
may include G-I—7—O0[a(In,0;),(Ga,0;) (Zn0) layer](a,
b, and ¢ are respectively real numbers complying with con-
ditions of a=0, b=0, and ¢>0), and according to another
embodiment, the first active layer 214 may include an oxide
of a material selected from Groups 12, 13, and 14 elements,
such as zinc (Zn), indium (In), gallium (Ga), tin (Sn), cad-
mium (Cd), germanium (Ge), hafnium (Hf), or a combination
thereof.
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[0075] A transistor including an oxide semiconductor as
the first active layer 214 may have superior device character-
istics, and enables low-temperature processes, thereby being
a device suitable for a back plane for a flat panel display. In
addition, a transistor including an oxide semiconductor has
transmissible characteristics in a visible range, as well as
flexible characteristics.

[0076] A second insulating layer 115, which may be an
interlayer insulating layer and an etch stopper, is positioned
on the first active layer 214. The second insulating layer 115
may protect the first active layer 214 from being substantially
damaged when the first source electrode 216a and the first
drain electrode 2165 are damaged.

[0077] The first source electrode 216a and the first drain
electrode 2165 are positioned on the second insulating layer
115. The first source electrode 216a and the first drain elec-
trode 2165 may each be a part of a conductive layer pattern
that is formed when the data wire 27, the driving wire 25, a
second source electrode 2364, a second drain electrode 2365,
and a second electrode 226 of the capacitor 22 are formed.
[0078] The first source electrode 216a and the first drain
electrode 2165 may include a metal layer 2164-2, a first
barrier layer 216a-3 positioned above the metal layer 2164-2,
and a second barrier layer 216a-1 positioned under the metal
layer 216a-2. For ease of illustration in FIG. 4, only a portion
ofthe first source electrode 2164 is enlarged to show the metal
layer 216a-2, the first barrier layer 2164-3, and the second
barrier layer 216a-1. However, the first drain electrode 2165
may also have a substantially same structure as the first source
electrode 216a illustrated in the enlarged portion of FIG. 4.
Further, similar to the first source electrode 2164 and the first
drain electrode 2165, a different conductive layer pattern
formed of substantially the same material on a same layer as
the first source electrode 2164 and the first drain electrode
216b, may have substantially the same layered structure as the
first source electrode 216a. For example, a second source
electrode 2364, a second drain electrode 2365, the data wire
27, the driving wire 25, and/or the second electrode 226 of the
capacitor 22 may have substantially the same layered struc-
ture as the first source electrode 216a. The metal layer 216a-2
may include copper or a copper alloy. In the present embodi-
ment, the metal layer 2164-2 includes copper or a copper
alloy, but embodiments of the present invention are not lim-
ited thereto. For example, the metal laver 216a-2 may include
ametal having aresistance that is smaller than or substantially
equivalent to that of copper or copper alloy.

[0079] The first barrier layer 216a-3 may substantially pre-
vent diffusion of a material included in the metal layer 216a-
2, and oxidation of the metal layer 216a-2. The first barrier
layer 2164-3 may include indium tin oxide (ITO), indium
zinc oxide (IZ0), molybdenum (Mo), molybdenum nitride
(MoN), molybdenum-niobium (MoNb), molybdenum-vana-
dium (MoV), molybdenum-titanium (MoTi), or molybde-
num-tungsten (MoW).

[0080] The second barrier layer 216a-1 may substantially
prevent diffusion of a material included in the metal layer
216a-2 to the layers underneath the metal layer 216a-2, and
may increase an adhesive force with the second insulating
layer 115 positioned below the metal layer 216a-2. The sec-
ond barrier layer 216a-1 may include indium tin oxide (ITO),
indium zinc oxide (1ZO), molybdenum (Mo), molybdenum
nitride (MoN), molybdenum-niobium (MoNb), molybde-
num-vanadium (MoV), molybdenum-titanium (MoTi), or
molybdenum-tungsten (MoW).
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[0081] Patterning cross-sections of the second barrier layer
216a-1, metal layer 216a-2, and first barrier layer 216a-3 of
the first source electrode 216a may be flush with each other.
For example, the second barrier layer 2164-1, the metal layer
216a-2, and the first barrier layer 2164-3 may be continuously
deposited in the same chamber, and concurrently (e.g., simul-
taneously) patterned in the same patterning process.

[0082] A planarization layer 117 is positioned on the sec-
ond insulating layer 115 to cover the first source electrode
216a and the second drain electrode 2165. The planarization
layer 117 may be an organic insulating film. For example, the
planarization layer 117 may include a commercially available
polymer PMMA, PS, a polymer derivative having a phenol
group, an aryl-based polymer, an imide-based polymer, an
arylether-based polymer, an amide-based polymer, a fluo-
rine-based polymer, a p-xylene-based polymer, a vinylalco-
hol-based polymer, or a blend thereof. A third insulating layer
119 is positioned on the planarization layer 117 while expos-
ing an upper portion of a pixel electrode 241 to define a pixel
area. The third insulating layer 119 may be an organic insu-
lating layer. The third insulating layer 119 may include a
commercially available polymer PMMA, PS, a polymer
derivative having a phenol group, an aryl-based polymer, an
imide-based polymer, an arylether-based polymer, an amide-
based polymer, a fluorine-based polymer, a p-xylene-based
polymer, a vinylalcohol-based polymer, or a blend thereof.
[0083] When a layer including an organic insulating mate-
rial, such as the planarization layer 117 or the third insulating
layer 119, is manufactured, a heat process is performed. Dur-
ing the heat process, metal included in the metal layer 216a-2
may diffuse. When the metal layer 2164-2 includes a copper
or a copper alloy, the diffusion may be further promoted.
[0084] Although the first barrier layer 216a-3 and the sec-
ond barrier layer 216a-1 respectively positioned above and
below the metal layer 216a-2 may substantially prevent dif-
fusion of the metal layer 216a-2 to the layers above or below
the metal layer 216a-2, the diffusion through a side of the
metal layer 2164-2 pattern exposed by the first barrier layer
216a-3 and the second barrier layer 216a-1 may not be sub-
stantially prevented. When the side of the metal layer 216a-2
pattern directly contacts an organic insulating layer, a metal
material diffused through the organic insulating layer may
further diffuse into other portions of the display apparatus 1.
The diffused metal material may cause defects in the display
apparatus 1, leading to a decrease in display quality thereof.
[0085] According to an embodiment of the present inven-
tion, to substantially prevent the direct contact between the
patterning cross-section of the metal layer 216a-2 of the first
source electrode 216a and an organic insulating film, such as
the planarization layer 117 or the third insulating layer 119, a
diffusion prevention layer 240 may be formed along cross-
sections of the first source electrode 2164 and the first drain
electrode 2165. Referring to FIG. 4, an opening C6 is formed
in the planarization layer 117 positioned on the first source
electrode 216a. Along the opening C6 of the planarization
layer 117, the diffusion prevention layer 240 may be formed
to cover the patterning cross-sections of the first source elec-
trode 216a and the first drain electrode 2164. Since the pat-
terning cross-sections of the first source electrode 2164 and
the first drain electrode 2165 may not contact an organic
insulating film material due to the diffusion prevention layer
240 interposed therebetween, the diffusion may be substan-
tially prevented. The diffusion prevention layer 240 may
cover inclined surfaces of the planarization layer 117 pat-
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terned by the opening C6, that is, an inclined surface of the
first source electrode 2164 and an inclined surface of the first
drain electrode 2164.

[0086] The diffusion prevention layer 240 may be formed
of substantially the same material on the same layer as the
pixel electrode 241 of the pixel area PX1.1, which will be
described in detail below. Accordingly, even without an addi-
tional use of a mask, a source electrode and a drain electrode
of a thin film transistor may be protected.

[0087] In the embodiment described above, the diffusion
prevention layer 240 is provided to protect the patterning
cross-sections of the first source electrode 216a and the first
drain electrode 2165. However, the diffusion prevention layer
240 may also be applicable to adifferent conductive layer that
constitutes a conductive layer pattern including the first
source electrode 216a and the first drain electrode 216b. For
example, the diffusion prevention layer 240 may be formed
along patterning cross-sections of the second source elec-
trode 2364, the second drain electrode 2365, the data wire 27,
the driving wire 25, and the second electrode 226 of the
capacitor 22.

[0088] In more detail, referring to FIG. 3, the diffusion
prevention layer 240 is shown according to an embodiment of
the present invention. Referring to FIG. 3, the diffusion pre-
vention layer 240 is formed along patterning cross-sections of
the first source electrode 216a, the first drain electrode 2165,
the second source electrode 2364, the second drain electrode
2366, the data wire 27, the driving wire 25, and the second
electrode 226 of the capacitor 22. Also, referring to FIG. 4, the
diffusion prevention layer 240 according to an embodiment
of the present invention covers the inclined surfaces of the
planarization layer 117 patterned by the openings exposing
the patterning cross-sections.

[0089] The second transistor area TRd1 includes the sec-
ond transistor 23 corresponding to the first transistor 21 of the
first transistor area TRs1. In more detail, a second gate elec-
trode 232, second active layer 234, second source electrode
236a, and second drain electrode 2365 of the second transis-
tor 23 respectively correspond to the first gate electrode 212,
first active layer 214, first source electrode 216a, and first
drain electrode 2165 of the first transistor 21.

[0090] The second source electrode' 236« of the second
transistor 23 is coupled (e.g., connected) to the driving wire
25, and supplies a reference voltage to the second active layer
234. The second drain electrode 2365 couples (e.g., connects)
the second transistor 23 to the light-emitting device 24 to
apply a driving power to the light-emitting device 24.
[0091] The pixel area PXL1 includes the light-emitting
device 24 including the pixel electrode 241, an intermediate
layer 242, and an opposite electrode 243.

[0092] The pixel electrode 241 contacts the second drain
electrode 2365 through a contact hole C9 formed through the
planarization layer 117. A third insulating layer 119 may be a
pixel-defining layer formed on the pixel electrode 241. The
intermediate layer 242, including an organic light-emitting
layer, is formed inside an opening C10 formed in the third
insulating layer 119.

[0093] When the display apparatus 1 is a bottom emission
display apparatus, the pixel electrode 241 may be a transmis-
sible electrode, and when the display apparatus 1 is a top
emission display apparatus, the pixel electrode 241 may be a
reflective electrode. When the pixel electrode 241 is a trans-
missible electrode, the pixel electrode 241 may include at
least one selected from the group consisting of indium tin
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oxide (ITO), indium zinc oxide (IZO), zinc oxide (ZnO),
indium oxide (In,0;), indium gallium oxide (IGO), and alu-
minum zinc oxide (AZO). According to an embodiment, the
pixel electrode 241 has a three-layered structure including a
transmissible conductive oxide layer/a semi-transmissible
metal layer/a transmissible conductive oxide layer.

[0094] When the pixel electrode 241 is a reflective elec-
trode, the reflective electrode may be formed to include a
reflective film (formed by aluminum (Al), platinum (Pt), pal-
ladium (Pd), silver (Ag), magnesium (Mg), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr). magne-
sium (Mg), or a mixture thereof, and indium tin oxide (ITO),
indium zinc oxide (1Z0), zinc oxide (ZnO), indium oxide
(In,0,), indium gallium oxide (IGO), and/or aluminum zinc
oxide (AZO)) deposited thereon.

[0095] Theintermediate layer 242 is positioned on the pixel
electrode 241 exposed through the opening C10 of the third
insulating layer 119. The intermediate layer 242 may include
an organic light-emitting layer configured to emit red light,
green light, or blue light, and the organic light-emitting layer
may include a low molecular weight organic material or a
polymer organic material. When the organic light-emitting
layer is a low molecular weight organic layer formed of a low
molecular weight organic material, a hole transport layer
(HTL), a hole injection layer (HIL), and so on may be posi-
tioned in a direction from the organic light-emitting layer
towards the pixel electrode 241, and an electron transport
layer (ETL), an electron injection layer (EIL), and so on may
be positioned in a direction from the organic light-emitting
layer towards the opposite electrode 243. In other embodi-
ments, various other layers, in addition to the HIL, the HTL,
the ETL, and the EIL, may be deposited, if needed. In the
embodiment described above, each pixel includes a separate
organic light-emitting layer. The separate pixels are respec-
tively configured to emit a red light, a green light, and a blue
light, and a pixel emitting the red light, a pixel emitting the
green light, and a pixel emitting the blue light may constitute
a unit pixel. However, embodiments of the present invention
are not limited thereto, and all of the pixels may share one
common organic light-emitting layer. For example, a plural-
ity of organic light-emitting layers respectively emitting red
light, green light, and blue light may be vertically stacked or
mixed to emit white light. However, a combination of light for
the emission of white light is not limited thereto. In an
embodiment, a color conversion layer or a color filter may be
separately used (e.g., utilized) to change the emitted white
light into a particular color of light.

[0096] The opposite electrode 243 facing the pixel elec-
trode 241 is positioned on the intermediate layer 242. The
opposite electrode 243 may also be a transmissible electrode
or a reflective electrode. When the opposite electrode 243 is a
transmissible electrode, a low-work function metal, such as
Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, or a mixture thereof, may
be deposited having a small thickness toward the organic
light-emitting layer, and a transmissible conductive oxide,
such as ITO, IZ0, ZnO, or In,0;, may be desposited to form
an auxiliary electrode layer or a bus electrode line. When the
opposite electrode 243 is a reflective electrode, Li, Ca, LiF/
Ca, LiF/Al, Al, Ag, Mg, or amixture thereof may be deposited
on the resultant structure to form the reflective electrode.
However, embodiments of the present invention are not lim-
ited thereto, for example, an organic material, such as a con-
ductive polymer, may be used (e.g., utilized) to form the pixel
electrode 241 and/or the opposite electrode 243.
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[0097] The capacitor area CAP1 includes the buffer layer
111, the first electrode 222 positioned on the same layer as the
first gate electrode 212, the second electrode 226 positioned
on the same layer as the first source electrode 216a, the first
insulating layer 113, the second insulating layer 115, and the
diffusion prevention layer 240. The first insulating layer 113
and the second insulating layer 115 may be a dielectric of the
capacitor 22.

[0098] The capacitor 22 is located between the first transis-
tor 21 and the second transistor 23, and is configured to store
a driving voltage for driving the second transistor 23 during
one frame. The capacitor 22 includes the first electrode 222
coupled to the drain electrode 2165 of the first transistor 21,
the second electrode 226 electrically coupled to the driving
wire 25, and the first insulating layer 113 and the second
insulating layer 115 interposed between the first electrode
222 and the second electrode 226. The second electrode 226
overlaps the first electrode 222 and is positioned on the first
electrode 222.

[0099] The first electrode 222 of the capacitor 22 may be
formed of substantially the same material on the same layer as
the first gate electrode 212 of the first transistor 21. The
second electrode 226 of the capacitor 22 may be formed of
substantially the same material on the same layer as the
source electrode 216a of the first transistor 21.

[0100] According to an embodiment of the present inven-
tion, the capacitor area CAP1 includes the diffusion preven-
tion layer 240 configured to protect the second electrode 226
of the capacitor 22. The diffusion prevention layer 240 covers
a patterning cross-section of the second electrode 226, and
substantially prevents a direct contact between a metal layer
included in the second electrode 226 and either the planariza-
tion layer 117 or the third insulating layer 119. Also, as
described above, the diffusion prevention layer 240 may
cover an inclined surface of the planarization layer 117
defined by the opening C7 exposing the second electrode 226.

[0101] This structure of the capacitor 22, however, is not
limited thereto. For example, an active layer of a thin film
transistor and a conductive layer of a gate electrode thereof
may be respectively used (e.g., utilized) as a first electrode
and a second electrode of the capacitor 22, and a gate insu-
lating layer may be used as the dielectric layer of the capacitor
22.

[0102] Hereinafter, a method of manufacturing a display
apparatus, according to an embodiment of the present inven-
tion, will be described in detail with reference to FIGS. 5A to
5G.FIG. 5A is a schematic cross-sectional view of the display
apparatus 1 to illustrate a first mask process according to the
present embodiment.

[0103] Referring to FIG. 5A, the buffer layer 111 is formed
on the substrate 110, and a first metal layer is stacked on the
buffer layer 111 and patterned. In this regard, the first metal
layer may be formed to have a single or multi-layer structure
by using (e.g., utilizing) at least one metal selected from
aluminum (Al), platinum (Pt), palladium (Pd), silver (Ag),
magnesium (Mg), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), chromium (Cr), nickel (Li), calcium (Ca),
molybdenum (Mo), titanium (T1), tungsten (W), and copper
(Cu).

[0104] The patterning results in the formation of the first
gate electrode 212 of the first transistor 21, the second gate
electrode 232 of the second transistor 23, and the first elec-
trode 222 of the capacitor 22 on the buffer layer 111.

Jun. 18,2015

[0105] After a photoresist is coated on the first metal layer,
the first metal layer is patterned by photolithography using
(e.g., utilizing) a first photomask to form the first gate elec-
trode 212, the second gate electrode 232, and the first elec-
trode 222. The first mask process including photolithography
may be performed such that light is irradiated through the first
photomask by using an exposure device, and then, develop-
ing, etching, and stripping or ashing are performed.

[0106] FIG. 5B is a schematic cross-sectional view of the
display apparatus 1 to illustrate a second mask process
according to the present embodiment.

[0107] The first insulating layer 113 is formed on the first
gate electrode 212, the second gate electrode 232, and the first
electrode 222 shown in FIG. 5A, and a semiconductor layer is
formed on the first insulating layer 113. The semiconductor
layer is patterned to form the first active layer 214 of the first
transistor 21 and the second active layer 234 of the second
transistor 23.

[0108] Thefirst active layer 214 and the second active layer
234 may include an oxide semiconductor. For example, the
semiconductor layer may include G-I—Z—OJ[a(In,0;),
(Ga,05)(Zn0) layer]|(a, b, and ¢ are respectively real num-
bers complying with conditions of a=0, b=0, and ¢>0), and
according to another embodiment, the semiconductor layer
may include an oxide of a material selected from Groups 12,
13, and 14 elements, such as zinc (Zn), indium (In), gallium
(Ga), tin (Sn), cadmium (Cd), germanium (Ge), and hafnium
(Hf), or a combination thereof.

[0109] FIG. 5C is a schematic cross-sectional view of the
display apparatus 1 to illustrate a third mask process accord-
ing to the present embodiment.

[0110] The second insulating layer 115 is formed on the
first active layer 214 and the second active layer 234 shown in
FIG. 5B. The second insulating layer 115 is patterned to form
openings C1, C2, C3, and C4 exposing an edge of the first
active layer 214 and an edge of the second active layer 234,
and to form an opening C5 exposing the first electrode 222 of
the capacitor 22.

[0111] FIG. 5D is a schematic cross-sectional view of the
display apparatus 1 to illustrate a fourth mask process accord-
ing to the present embodiment.

[0112] Referring to FIG. 5D, a second metal layer is formed
on the second insulating layer 115 shown in FIG. 5C. The
second metal layer is then patterned to form a conductive
layer pattern including the first source electrode 216a and the
first drain electrode 2164 of the first transistor 21, the second
source electrode 236a and the second drain electrode 2365 of
the second transistor 23, the second electrode 226 of the
capacitor 22, and the driving wire 25.

[0113] Thesecond metal layer may include three layers that
are continuously formed. A first layer, a second layer, and a
third layer are continuously deposited, and the first layer and
the third layer may each be a protection layer that protects the
second layer. The second layer may include a copper (Cu) or
copper alloy. The third layer and the first layer may each
include indium tin oxide (ITO), indium zinc oxide (IZ0),
molybdenum (Mo), molybdenum nitride (MoN), molybde-
num-niobium (MoNb), molybdenum-vanadium (MoV),
molybdenum-titanium (MoTi), and/or molybdenum-tung-
sten (MoW).

[0114] Asillustrated in FIG. 5D, the three layer structure of
the second metal layer is substantially the same as the struc-
ture of the second drain electrode 2365 described above with
reference to FIG. 4. For example, the second metal layer
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according to the present embodiment includes a second bar-
rier layer 2365-1 including indium tin oxide (ITO), a metal
layer 2365-2 including copper (Cu), and a first barrier layer
236b-3 including indium tin oxide (ITO).

[0115] The metal layer 2365-2 including copper (Cu) is a
metal layer having a low resistance and excellent electric
characteristics. The second barrier layer 2365-1 including
indium tin oxide (ITO) positioned under the metal layer
236b-2 enhances an adhesive force with respect to the second
insulating layer 115. The first barrier layer 2365-3 including
indium tin oxide (ITO) positioned above the metal layer
236b-2 may act as a barrier layer to substantially prevent heel
lock, oxidation, and diffusion of copper (Cu) included in the
metal layer 2365-2. The first barrier layer 216a-3 may block
areaction between the copper (Cu) included in the metal layer
236b-2 and an organic material included in the planarization
layer 117 to substantially prevent diffusion of copper (Cu).

[0116] FIG. 5E is a schematic cross-sectional view of the
display apparatus 1 to illustrate a fifth mask process accord-
ing to the present embodiment.

[0117] Referring to FIG. 5E, the planarization layer 117,
which is an insulating layer, is formed on the first source
electrode 2164 and the first drain electrode 2164 of the first
transistor 21, the second source electrode 2364 and the sec-
ond drain electrode 2366 of the second transistor 23, the
second electrode 226 of the capacitor 22, and the driving wire
25 shown in FIG. 5D. The planarization layer 117 is then
patterned to form an opening and a contact hole, which
exposes a patterning cross-section of the conductive layer
pattern formed in the process explained with reference to
FIG. 5D. In more detail, the opening C6 is formed to expose
the inclined surface of one side of each of the first source
electrode 2164 and first drain electrode 2165 of the first
transistor 21. The opening C7 is formed to expose the pat-
terning cross-sections of the first drain electrode 2165, and
the second electrode 226 of the capacitor 32. The opening C8
is formed to expose the patterning cross-section of the second
source electrode 236a and second drain electrode 2365 of the
second transistor 23. And a contact hole C9 is formed to
expose an upper portion and a patterning cross-section of the
second drain electrode 2365. The term “patterning cross-
section” refers to an inclined surface of a portion of the
second metal layer that is exposed when the second metal
layer is patterned during the fourth mask process explained
with reference to FIG. 5D, and according to an embodiment
of the present invention, the patterning cross-section may
indicate an etch surface.

[0118] According to an embodiment of the present inven-
tion, when the planarization layer 117 is formed on the second
metal layer, the planarization layer 117 is patterned to not
contact the patterning cross-section of the second metal layer.

[0119] Theplanarization layer 117 may be an organic insu-
lating layer, and in this case, the planarization layer 117 may
act as a planarization film. The organic insulating layer may
include a commercially available polymer PMMA, PS, a
polymer derivative having a phenol group, an aryl-based
polymer, an imide-based polymer, an arylether-based poly-
mer, an amide-based polymer, a fluorine-based polymer, a
p-xylene-based polymer, a vinyl alcohol-based polymer, or a
blend thereof.

[0120] FIG. 5F is a schematic cross-sectional view of the
display apparatus 1 to illustrate a sixth mask process accord-
ing to the present embodiment.
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[0121] Referring to FIG. 5F, a third conductive layer is
formed on the planarization layer 117 shown in FIG. 5E. The
third conductive layer is then patterned to form the diffusion
prevention layer 240 covering the inclined surfaces of the
planarization layer 117 exposed by the openings C6, C7, and
C8 of the planarization layer 117, and the patterning cross-
section of the second conductive layer. The patterning cross-
section of the second conductive layer may include the pat-
terning cross-sections of the first source electrode 216a and
first drain electrode 2165 of the first transistor 21, the pattern-
ing cross-section of the second electrode 226 of the capacitor
22, and the patterning cross-sections of the second source
electrode 2364 and second drain electrode 2365 of the second
transistor 23. Also, the pixel electrode 241 is formed to con-
tact the second drain electrode 2365 through the contact hole
C9 of the planarization layer 117.

[0122] When the display apparatus according to an
embodiment of the present invention is a bottom emission
display device, the third conductive layer may constitute a
transmissible electrode. When the display apparatus accord-
ing to another embodiment of the present invention is a top
emission display device, the third conductive layer may con-
stitute a reflective electrode.

[0123] When the display apparatus according to an
embodiment of the present invention is a bottom emission
display device, the third conductive layer may include at least
one selected from indium tin oxide (ITO), indium zinc oxide
(IZ0), zinc oxide (Zn0Q), indium oxide (In,0,), indium gal-
lium oxide (IGO), and aluminum zinc oxide (AZO). Accord-
ing to an embodiment, the third conductive layer may have a
three-layered structure of a transmissible conductive oxide
layer/a semi-transmissible metal layer/another transmissible
conductive oxide layer.

[0124] When the display apparatus according to an
embodiment of the present invention is a top emission display
device, the third conductive layer may be formed such that a
reflective film (formed to include aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), magnesium (Mg), or a mixture thereof, and then, indium
tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide (ZnO),
indium oxide (In,0,), indium gallium oxide (IGO), and/or
aluminum zinc oxide (AZ0)) is deposited thereon.

[0125] FIG. 5G is a schematic cross-sectional view of the
display apparatus 1 to illustrate a seventh mask process
according to the present embodiment.

[0126] Referring to FIG. 5G, the third insulating layer 119
is formed on the diffusion prevention layer 240 and the pat-
terning cross-section of the second conductive layer shown in
FIG. SF. Then, an opening C10 is formed to expose an upper
portion of the pixel electrode 241.

[0127] The third insulating layer 119 may act as a pixel-
defining film, and may be an organic insulating layer includ-
ing, for example, a commercially available polymer PMMA,
PS, apolymer derivative having a phenol group, anaryl-based
polymer, an imide-based polymer, an arylether-based poly-
mer, an amide-based polymer, a fluorine-based polymer, a
p-xylene-based polymer, a vinylalcohol-based polymer, or a
blend thereof.

[0128] According to an embodiment of the present inven-
tion, the third insulating layer 119 fills the openings C6, C7,
and C8 of the planarization layer 117. However, due to the
presence of the diffusion prevention layer 240, the third insu-
lating layer 119 does not contact the first source electrode
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216a and first drain electrode 2165 of the first transistor 21,
the second electrode 226 of the capacitor 22, and the second
source electrode 2364 and second drain electrode 2365 of the
second transistor 23.

[0129] After the seventh mask process is performed as
illustrated with reference to FIG. 5G, the intermediate layer
242 (see FIG. 4) including an organic light-emitting layer is
formed on the exposed upper portion of the pixel electrode
241, and the opposite electrode 243 is formed on the inter-
mediate layer 242 (see FIG. 4).

[0130] Hereinafter, a display apparatus 2 according to a
second embodiment of the present invention will be described
in more detail with reference to FIGS. 6 to 8, which illustrate
a display apparatus using (e.g., utilizing) a top-gate thin film
transistor as either a driving transistor or a switching transis-
tor, according to another embodiment of the present inven-
tion.

[0131] FIG. 6is anenlarged view of a portion of the display
area DA according to another embodiment of the present

invention. FIG. 7 is a cross-sectional view taken along the line
II-II' of FIG. 6.

[0132] Referring to FIG. 7, a first transistor area TRs2
including at least one switching thin film transistor, a capaci-
tor area CAP2 including at least one storage capacitor, a
second transistor area TRd2 including at least one driving thin
film transistor, and a pixel area PXL.2 including at least one
organic layer are positioned on a substrate 310.

[0133] The first transistor area TRs2 includes the substrate
310, a buffer layer 311, a first transistor 41, and a diffusion
prevention layer 440. The first transistor 41 includes a first
active layer 412, a first gate electrode 414, a first source
electrode 416a, and a first drain electrode 4165. The first
source electrode 416a is coupled (e.g., connected) to a data
wire 27 to provide a data signal to the first active layer 412.
The first drain electrode 4165 is coupled to a first electrode
424 of a capacitor 42 to store a data signal in the capacitor 42.

[0134] The substrate 310 may be a glass substrate, or a
plastic substrate including polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), or polyimide.

[0135] The buffer layer 311 may be further positioned on
the substrate 310 to form a flat surface, and to substantially
prevent permeation of impurity elements. The buffer layer
311 may have a single or multi-layered structure, formed of at
least one selected from silicon nitride and silicon oxide.

[0136] Inthe first transistor area TRs2, the first active layer
412 is positioned on the buffer layer 311. The first active layer
412 may be formed of a semiconductor including amorphous
silicon or crystalline silicon. The first active layer 412 may
include a channel area 412¢, a source area 412a, and a drain
area 412b. The source area 412a and the drain area 4125 may
be located next to (e.g., adjacent to) the channel area 412c,
and may be doped with ion impurities.

[0137] The first gate electrode 414 is positioned on the first
active layer 412, corresponding to the channel area 412¢ of
the active layer 412, with the first insulating layer 313 that is
a gate insulating layer interposed therebetween. The first gate
electrode 414 may be formed of substantially the same mate-
rial as that used to form the first gate electrode 212 described
above with reference to FIG. 4.

[0138] The first source electrode 416a and the first drain
electrode 4165 are positioned on the first gate electrode 414,
and are respectively coupled to the source area 412a and the
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drain area 4125 of the active layer 412, with a second insu-
lating layer 315 that is an interlayer insulating layer intet-
posed therebetween.

[0139] The first source electrode 416a and the first drain
electrode 4165 may include a metal layer 416a-2, a first
barrier layer 416a-3 positioned above the metal layer 4164-2,
and a second barrier layer 416a-1 positioned underneath the
metal layer 416a-2.

[0140] The metal layer 416a-2 may include copper or a
copper alloy. The first barrier layer 416a-3 may substantially
prevent diffusion of a material included in the metal layer
416a-2, and oxidation of the metal layer 416a-2. The second
barrier layer 416a-1 may substantially prevent diffusion of a
material included in the metal layer 4164-2 into layers under-
neath the metal layer 4164-2, and may increase an adhesive
force with the second insulating layer 315 positioned below
the metal layer 416a-2. The first source electrode 416a and
the first drain electrode 4165 illustrated in FIG. 7, may have
substantially the same structure formed of substantially the
same material as the first source electrode 2164 and the first
drain electrode 2164 illustrated in FIG. 4, respectively. Simi-
lar to the first source electrode 4164 and the first drain elec-
trode 4165, a different conductive layer pattern that is formed
of substantially the same material on substantially the same
layer as the first source electrode 416a may have substantially
the same layered structure as the first source electrode 416a.
For example, a second source electrode 4364, a second drain
electrode 4364, the data wire 47, the driving wire 45, and/or a
second electrode 426 of the capacitor 42 may have substan-
tially the same layered structure as the first source electrode
416a.

[0141] A planarization layer 317 is positioned on the sec-
ond insulating layer 315 to cover the first source electrode
4164 and the first drain electrode 41664.

[0142] The planarization layer 317 may be an organic insu-
lating layer. The planarization layer 317 may include a com-
mercially available polymer PMMA, PS, a polymer deriva-
tive having a phenol group, an aryl-based polymer, an imide-
based polymer, an arylether-based polymer, an amide-based
polymer, a fluorine-based polymer, a p-xylene-based poly-
met, a vinylalcohol-based polymer, or a blend thereof.
[0143] A third insulating layer 319 is disposed on the pla-
narization layer 317. The third insulating layer 319 may be an
organic insulating layer. The third insulating layer 319 may
include a commercially available polymer PMMA, PS, a
polymer derivative having a phenol group, an aryl-based
polymer, an imide-based polymer, an arylether-based poly-
mer, an amide-based polymer, a fluorine-based polymer, a
p-xylene-based polymer, a vinylalcohol-based polymer, or a
blend thereof.

[0144] Inthe embodiment described with reference to FIG.
7, when the side of the metal layer 416a-2 pattern directly
contacts an organic insulating layer, a metal material diffused
through the organic insulating layer may diffuse into the other
layers of the display apparatus 2. The diffused metal material
may cause defects in the display apparatus 2, leading to a
decrease in display quality.

[0145] According to an embodiment of the present inven-
tion, to substantially prevent the direct contact between the
metal layer 4164-2 of the patterning cross-section of the first
source electrode 4164 and an organic film, such as the pla-
narization layer 317 or the third insulating layer 319, the
diffusion prevention layer 440 may be formed along the pat-
terning cross-section of the first source electrode 416a. Refer-
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ring to FIG. 7, an opening C6 is formed in the planarization
layer 317 disposed on the first source electrode 416a. Along
the opening C6 of the planarization layer 317, the diffusion
prevention layer 440 may be formed to cover the patterning
cross-section of the first source electrode 416a. Since the
diffusion prevention layer 440 substantially prevents the
direct contact between the patterning cross-section of the first
source electrode 416a and an organic insulating film material,
diffusion may be substantially prevented from occurring.
[0146] The diffusion prevention layer 440 is formed of
substantially the same material on substantially the same
layer as the pixel electrode 441 of the pixel area PXL1, which
will be described in more detail. Accordingly, even without an
additional use of a mask, a source electrode and a drain
electrode of a thin film transistor may be protected.

[0147] In the embodiment described above, the diffusion
prevention layer 440 is provided to protect the patterning
cross-section of the first source electrode 416a. However, the
diffusion prevention layer 440 may also be applicable to the
first drain electrode 4165. The diffusion prevention layer 440
may also be applicable to a different conductive layer that is
formed of substantially the same material on substantially the
same layer as the first source electrode 4164 and the first drain
electrode 4165, along the patterning cross-section of the dif-
ferent conductive layer in substantially the same way as
applied to the first source electrode 416a. For example, the
diffusion prevention layer 440 may be formed along the pat-
terning cross-sections of the second source electrode 436a,
the second drain electrode 436, the data wire 47, the driving
wire 45, and/or the electrode 426 of the capacitor 42.

[0148] In more detail, referring to FIG. 6, the diffusion
prevention layer 440 is shown according to an embodiment of
the present invention. Referring to FIG. 6, the diffusion pre-
vention layer 440 is formed along patterning cross-sections of
the first source electrode 416a, the first drain electrode 4165,
the second source electrode 4364, the second drain electrode
436b, the data wire 47, the driving wire 45, and the second
electrode 426 of the capacitor 42.

[0149] The second transistor area TRd2 includes the sec-
ond transistor 43 corresponding to the first transistor 41 of the
first transistor area TRs2. In more detail, a second active layer
432, asecond gate electrode 434, the second source electrode
436a, and the second drain electrode 4365 of the second
transistor 43, respectively, correspond to the first active layer
412, the first gate electrode 414, the first source electrode
4164, and the first drain electrode 4165 of the first transistor
41.

[0150] The second source electrode 436a of the second
transistor 43 1s coupled to the driving wire 25, and supplies a
reference voltage to the second active layer 432. The second
drain electrode 43654 couples the second transistor 43 to the
light-emitting device 44 to apply a driving power to the light-
emitting device 44.

[0151] The pixel area PXIL.2 includes the light-emitting
device 44 including the pixel electrode 441, an intermediate
layer 442, and an opposite electrode 443. The detailed
description of the respective elements of the pixel area PXL.1
according to the embodiment described above with reference
to FIG. 4, may also be applicable with regards to the descrip-
tion of the respective elements of the pixel area PXL.2 accord-
ing to the embodiment shown in F1G. 7.

[0152] The capacitor area CAP2 includes a capacitor 42
including the first electrode 424 positioned on substantially
the same layer as the first gate electrode 414, and a second
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electrode 426 positioned on substantially the same layer as
the first source electrode 416a. The detailed description
above regarding the respective elements of the capacitor area
CAP1 according to the embodiment described above with
reference to FIG. 4, may also be applicable in describing the
respective elements of the capacitor area CAP2 according to
the embodiment shown in FIG. 7.

[0153] Hereinafter, by referring to FIGS. 8A to 8@, a
method of manufacturing the display apparatus 2, according
to another embodiment of the present invention, will be
described in more detail.

[0154] FIG. 8A is a schematic cross-sectional view of the
display apparatus 2 illustrating a first mask process according
to the present embodiment.

[0155] Referring to FIG. 8A, the buffer layer 311 is formed
on the substrate 310, and a semiconductor layer is formed on
the buffer layer 311. Then, the semiconductor layer is pat-
terned to form the first active layer 412 of the first transistor 41
and the second active layer 432 of the second transistor 43.

[0156] The semiconductor layer may be formed of amor-
phous silicon or crystalline silicon poly silicon. In this regard,
the crystalline silicon may be formed by crystallizing amor-
phous silicon. The crystallizing of amorphous silicon may be
performed by, for example, rapid thermal annealing (RTA),
solid phase crystallization (SPC), excimer laser annealing
(ELA), metal induced crystallization (MIC), metal induced
lateral crystallization (MILC), or sequential lateral solidifi-
cation (SLS). However, the material for forming the semicon-
ductor layer is not limited to amorphous silicon or crystalline
silicon in embodiments of the present invention, and instead,
for example, an oxide semiconductor may be used to form the
semiconductor layer.

[0157] FIG. 8B is a schematic cross-sectional view of the
display apparatus 2 illustrating a second mask process
according to the present embodiment.

[0158] The first insulating layer 313 is formed on the first
active layer 412 of the first transistor 41 and the second active
layer 432 of the second transistor 43 shown in FIG. 8A. A first
metal layer is deposited on the first insulating layer 313 and
then patterned. In this regard, the first metal layer may be
formed to have a single or multi-layer structure by using (e.g.,
utilizing) at least one metal selected from aluminum (AI),
platinum (Pt), palladium (Pd), silver (Ag), magnesium (Mg),
gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir), chro-
mium (Cr), nickel (Li), calcium (Ca), molybdenum (Mo),
titanium (T7), tungsten (W), and copper (Cu).

[0159] The patterning results in the formation of the first
gate electrode 414 of the first transistor 41, the second gate
electrode 434 of the second transistor 43, and the first elec-
trode 424 of the capacitor 42, on the first insulating layer 313.

[0160] Ion impurities are doped on the resultant structure.
Ton impurities may enable doping of B ion or P ion, and may
be doped targeting the first active layer 412 and the second
active layer 432 at a doping concentration of 1x10** atoms/
cm? or more.

[0161] Since ion impurities are doped on the first active
layer 412 and the second active layer 432 by using (e.g.,
utilizing) the first gate electrode 414 and the second gate
electrode 434 as a self-aligned mask, the first and second
active layers 412 and 432 include the channel areas 412¢ and
432c¢ between the ion-doped source areas 4124 and 432q and
the ion-doped drain areas 4125 and 4325.
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[0162] FIG. 8C is a schematic cross-sectional view of the
display apparatus 2 illustrating a third mask process accord-
ing to the present embodiment.

[0163] The second insulating layer 315 is formed on the
first insulating layer 313 shown in FIG. 8B, and then, the
second insulating layer 315 and the first insulating layer 313
are patterned to form openings C1 and C2 to expose the
source area 412a and drain area 4125 of the first active layer
412, openings C3 and 04 to expose the source area 432a and
drain area 4325 of the second active layer 432, and an opening
C5 to expose the first electrode 424 of the capacitor 42.
[0164] Mask processes shown in FIGS. 8D to 8G corre-
spond to the mask processes already described with reference
to FIGS. 5D to 5G. Hereinafter, configurations already
described with reference to FIGS. 5D to 5G that are substan-
tially similar to those shown in FIGS. 8D to 8G will be
omitted, or if provided, will only be briefly described.
[0165] FIG. 8D is a schematic cross-sectional view of the
display apparatus 2 illustrating a fourth mask process accord-
ing to the present embodiment.

[0166] Referringto FIG. 8D, asecond metal layer is formed
on the second insulating layer 315 shown in FIG. 8C, and
patterned to form the first source electrode 416a and first
drain electrode 4164 of the first transistor 41, the second
source electrode 436a and second drain electrode 4365 of the
second transistor 43, the second electrode 426 ofthe capacitor
42, and the driving wire 45.

[0167] Thesecond metal layer may include three layers that
are continuously formed. A first layer, a second layer, and a
third layer are continuously deposited, and the first layer and
the third layer may each be a protection layer that is used (e.g.,
utilized) to protect the second layer. The second layer may
include a copper (Cu) or copper alloy. The third layer and the
first layer may each include indium tin oxide (ITO), indium
zine oxide (IZ0), molybdenum (Mo), molybdenum nitride
(MoN), molybdenum-niobium (MoNb), molybdenum-vana-
dium (MoV), molybdenum-titanium (MoT1), and/or molyb-
denum-tungsten (MoW).

[0168] A structure of the second metal layer is described
with reference to the detailed structure of the second drain
electrode 4364 illustrated in FIG. 8D. For example, the sec-
ond metal layer according to the present embodiment may
include a second barrier layer 4364-1 including indium tin
oxide (ITO), a metal layer 4365-2 including copper (Cu), and
a first barrier layer 4365-3 including indium tin oxide (ITO).
[0169] FIG. 8E is a schematic cross-sectional view of the
display apparatus 2 illustrating a fifth mask process according
to the present embodiment.

[0170] Referring to FIG. 8E, the planarization layer 317 is
formed on the first source electrode 416a and first drain
electrode 4165 of the first transistor 41, the second source
electrode 4364 and second drain electrode 4365 of the second
transistor 43, the second electrode 426 of the capacitor 42,
and the driving wire 45 shown in FIG. 8D. The planarization
layer 317 is patterned to form an opening C6 exposing an
inclined surface of one side of each of the first source elec-
trode 4164 and first drain electrode 4165 of the first transistor
41, an opening C7 exposing an inclined surface of the first
drain electrode 4165 and an inclined surface of the second
electrode 426 of the capacitor 32, an opening C8 exposing the
patterning cross-sections of the second source electrode 436a
and second drain electrode 4365 of the second transistor 43,
and a contact hole C9 exposing an upper portion and pattern-
ing cross-section of the second drain electrode 4365. The
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term “patterning cross-section’ refers to an inclined surface of
a portion of the second metal layer that is exposed when the
second metal layer is patterned in the fourth mask process
described above with reference to FIG. 8D.

[0171] FIG. 8F is a schematic cross-sectional view of the
display apparatus 2 illustrating a sixth mask process accord-
ing to the present embodiment. Referring to FIG. 8F, a third
conductive layer is formed on the planarization layer 317
shown in FIG. 8E, and patterned to form the diffusion pre-
vention layer 440 and the pixel electrode 441. The diffusion
prevention layer 440 covers the patterning cross-section of
the second conductive layer along inclined surfaces of the
planarization layer 317 exposed by the openings C6, C7, and
C8 of the planarization layer 317.

[0172] FIG. 8G is a schematic cross-sectional view of the
display apparatus 2 illustrating a seventh mask process
according to the present embodiment.

[0173] Referring to FIG. 8G, the third insulating layer 319
is formed on the diffusion prevention layer 440 and the pixel
electrode 441 shown in FIG. 8F. Then, an opening C10 is
formed exposing an upper portion of the pixel electrode 441.
[0174] Theintermediate layer 442 (see FIG. 7) including an
organic light-emitting layer is formed on the exposed upper
portion of the pixel electrode 441, and the opposite electrode
443 is formed on the intermediate layer 442 (see F1G. 7).
[0175] FIG. 9 is a schematic cross-sectional view of a dis-
play apparatus 3 according to a third embodiment of the
present invention. The display apparatus 3 of FIG. 3 may bea
liquid-crystal display that displays an image by controlling a
transmittance of light according to a pixel by using (e.g.,
utilizing) an orientation of a liquid crystal layer that changes
according to an electric field.

[0176] The display apparatus 3 of FIG. 9 includes a tran-
sistor 63 including a gate electrode 632, an active layer 634,
asource electrode 6364, and a drain electrode 6365. The gate
electrode 632, the active layer 634, the source electrode 6364,
and the drain electrode 6364, which are illustrated in FIG., 9,
may respectively correspond to the second gate electrode
232, the second active layer 234, the second source electrode
236a, and the second drain electrode 2365 shown in FIG. 4.
Similar to the embodiment described with reference to FIG. 4
above, a conductive layer pattern including the source elec-
trode 636a and the drain electrode 6365 shown in FIG. 9, may
include a metal layer including a copper or a copper alloy.
[0177] Likewise, a substrate 510, a buffer layer 511, a first
insulating layer 513, a second insulating layer 515, and a
planarization film 517 of the display apparatus 3 of FIG. 9
may respectively correspond to the substrate 110, the buffer
layer 111, the first insulating layer 113, the second insulating
layer 115, and the planarization film 117 of the display appa-
ratus 1 shown in FIG. 4 and described above.

[0178] The source electrode 636a or the drain electrode
6365 of the transistor 63 may contact the first electrode 641.
The first electrode 641 may be formed of substantially the
same material as the pixel electrode 241 illustrated in FIG. 4.
[0179] In the embodiment shown in FIG. 9, a protection
layer 640 contacting cross-sections of the source electrode
636a and the drain electrode 6365 is disposed on the same
layer as the first electrode 641. The protection layer 640 may
cover cross-sections of the conductive pattern including the
source electrode 636a and the drain electrode 6365. The
protection layer 640 may have substantially the same struc-
ture and effects as those of the diffusion prevention layer 240
described above. That is, the protection layer 640 may sub-
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stantially prevent a direct contact between the conductive
pattern including the source electrode 636a and the drain
electrode 6364, and an organic insulating film material such
as the planarization film 517 or the third insulating layer 519.

[0180] The third insulating layer 519 is formed on the first
electrode 641. The third insulating layer 519 may be an
organic insulating layer or an inorganic insulating layer. In
more detail, the third insulating layer 519 may include a
commercially available polymer PMMA, PS, a polymer
derivative having a phenol group, an aryl-based polymer, an
imide-based polymer, an arylether-based polymer, an amide-
based polymer, a fluorine-based polymer, a p-xylene-based
polymer, a vinylalcohol-based polymer, or a blend thereof.

[0181] A second electrode 642 is formed on the third insu-
lating layer 519. The second electrode 642 may be formed of
substantially the same material as the first electrode 641, and
may include a transmissible conductive oxide. The second
electrode 642 may generate a lateral electric field, together
with the first electrode 641, to control the orientation of liquid
crystal. Although in the embodiment shown in FIG. 9, the
second electrode 642 and the first electrode 641 are disposed
on different layers, in other embodiments, the second elec-
trode 642 and the first electrode 641 may be disposed on the
same layer.

[0182] A liquid crystal layer 643 may be interposed
between the second pixel electrode 642 and a color filter 645.
The liquid crystal layer 643 has dielectric anisotropy, and
when an electric field is absent, liquid crystal molecules 644
of the liquid crystal layer 643 may be orientated such that
their longer axes are perpendicular to surfaces of the display
panels. Due to the first electrode 641 and the second electrode
642, an electric field substantially parallel to the substrate 510
may occur in the liquid crystal layer 643. When liquid crystal
molecules 644 have a positive dielectric anisotropy, they are
inclined such that their longer axes is parallel to the electric
field, and the inclination degree may vary according to the
intensity of pixel voltage. Also, according to the inclination
degree of the liquid crystal molecules 644, a change in polar-
ization of light passing through the liquid crystal layer 643
may be determined. This change of polarization may be
embodied as a change in transmittance of light caused by a
polarizer.

[0183] The color filter 645 is positioned on the liquid crys-
tal layer 643, and may include a material containing a pig-
ment for embodying red, green, and/or blue.

[0184] In the embodiment shown in FIG. 9, the display
apparatus 3 is a lateral-electric field display apparatus in
which the second electrode 642 is included at the side of the
substrate 510. However, embodiments of the present inven-
tion are not limited thereto, as long as the transistor 63
includes the protection layer 640, and aspects of the embodi-
ments are also applicable to any vertical-electric field display
apparatus.

[0185] A thin film transistor substrate, a display apparatus,
and a method of manufacturing the thin film transistor array
substrate, according to embodiments of the present invention,
provide the following effects.

[0186] First, diffusion occurring when a patterning cross-
section of a metal layer including copper contacts an organic
insulating layer may be substantially prevented.

[0187] Second, since a photomask process for forming an
inorganic passivation to protect a metal layer is not needed,
efficiency of the manufacturing process may increase.
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[0188] While certain embodiments of the present invention
have been illustrated and described, it is understood by those
of ordinary skill in the art that certain modifications and
changes can be made to the described embodiments without
departing from the spirit and scope of the present invention as
defined by the following claims, and equivalents thereof.

What is claimed is:

1. A thin film transistor array substrate comprising:

a thin film transistor comprising a gate electrode, an active
layer, a source electrode, and a drain electrode;

a first conductive layer pattern ona same layer as the source
electrode and the drain electrode and formed of a same
material as the source electrode and the drain electrode;

an insulating layer on the first conductive layer pattern, the
insulating layer having an opening exposing a patterning
cross-section of the first conductive layer pattern;

a pixel electrode on the insulating layer and coupled to
eitherthe source electrode or the drain electrode through
a contact hole passing through the insulating layer; and

a diffusion prevention layer covering the patterning cross-
section of the first conductive layer pattern and inclined
side surfaces of the insulating layer exposed through the
opening.

2. The thin film transistor array substrate of claim 1,

wherein the first conductive layer pattern comprises:

a metal layer comprising a copper or a copper alloy; and

a first barrier layer interposed between the metal layer and
the insulating layer.

3. The thin film transistor array substrate of claim 2,
wherein a patterning cross-section of the metal layer is flush
with a patterning cross-section of the first barrier layer.

4. The thin film transistor array substrate of claim 2,
wherein

the first barrier layer comprises indium tin oxide (ITO),
indium zine oxide (IZ0), molybdenum (Mo), molybde-
num nitride (MoN), molybdenum-niobium (MoNb),
molybdenum-vanadium (MoV), molybdenum-titanium
(MoTi), and/or molybdenum-tungsten (MoW).

5. The thin film transistor array substrate of claim 2,

wherein

the first conductive layer pattern further comprises a sec-
ond barrier layer underneath the metal layer.

6. The thin film transistor array substrate of claim 5,

wherein

a patterning cross-section of the metal layer is flush with a
patterning cross-section of the second barrier layer.

7. The thin film transistor array substrate of claim 5,

wherein

the second barrier layer comprises indium tin oxide (ITO),
indium zine oxide (IZO), molybdenum (Mo), molybde-
num nitride (MoN}), molybdenum-niobium (MoNb),
molybdenum-vanadium (MoV), molybdenum-titanium
(MoTi), and/or molybdenum-tungsten (MoW).

8. The thin film transistor array substrate of claim 1,

wherein

the first conductive layer pattern comprises the source elec-
trode and the drain electrode of the thin film transistor,
an electrode of a capacitor, a data wire, and/or a driving
wire.

9. The thin film transistor array substrate of claim 1,

wherein

the insulating layer comprises an organic insulating mate-
rial.
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10. The thin film transistor array substrate of claim 1,

wherein

the insulating layer contacts an upper portion of the first
conductive layer pattern.

11. The thin film transistor array substrate of claim 1,

wherein

the diffusion prevention layer comprises a same material as
the pixel electrode.

12. The thin film transistor array substrate of claim 1,

wherein

the diffusion prevention layer contacts the patterning
cross-section of the first conductive layer pattern.

13. The thin film transistor array substrate of claim 1,

wherein

the diffusion prevention layer contacts the patterning
cross-section of the insulating layer exposed through the
opening.

14. The thin film transistor array substrate of claim 1,

wherein

the diffusion prevention layer comprises a plurality of pat-
terns insulated from each other.

15. The thin film transistor array substrate of claim 1,

further comprising

a pixel-defining film on the insulating layer, the pixel-
defining film comprising an opening exposing a top
surface of the pixel electrode.

16. The thin film transistor array substrate of claim 15,

wherein

the pixel-defining film comprises an organic insulating
material.

17. The thin film transistor array substrate of claim 1,

wherein

the thin film transistor is a bottom gate thin film transistor.

18. The thin film transistor array substrate of claim 1,

wherein

the thin film transistor is a top gate thin film transistor.

19. An organic light-emitting display apparatus compris-

ing:

a substrate;

athin film transistor on the substrate and comprising a gate
electrode, an active layer, a source electrode, and a drain
electrode;

afirst conductive layer pattern ona same layer as the source
electrode and the drain electrode and formed of a same
material as the source electrode and the drain electrode;

an insulating layer having an opening exposing a pattern-
ing cross-section of the first conductive layer pattern;

a pixel electrode on the insulating layer and coupled to
either the source electrode or the drain electrode through
a contact hole passing through the insulating layer;

a diffusion prevention layer covering the patterning cross-
section of the first conductive layer pattern and inclined
side surfaces of the insulating layer exposed through the
opening;

an organic light-emitting layer on the pixel electrode; and

an opposite electrode on the organic light-emitting layer.

20. The organic light-emitting display apparatus of claim

19, wherein

atleast one of the pixel electrode and the opposite electrode
is a transmissible electrode.

21. A method of manufacturing a thin film transistor array

substrate, the method comprising:
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forming a thin film transistor comprising a gate electrode,
an active layer, a source electrode, and a drain electrode
on a substrate;

forming a first conductive layer pattern on a same layer as

the source electrode and the drain electrode and of a
same material as the source electrode and the drain elec-
trode;
forming an insulating layer on the first conductive layer
pattern, the insulating layer having an opening exposing
a cross-section of the first conductive layer pattern;

forming a diffusion prevention layer covering the cross-
section of the first conductive layer pattern and inclined
side surfaces of the insulating layer exposed through the
opening; and

forming a pixel electrode coupled to the source electrode or

the drain electrode, concurrently with the diffusion pre-
vention layer.

22. The method of claim 21, wherein

the forming of the first conductive layer pattern comprises:

forming a metal layer comprising a copper or a copper
alloy;

continuously forming a first barrier layer on the metal
layer in a same chamber; and

concurrently patterning the metal layer and the first bar-
rier layer.

23. The method of claim 22, wherein

a second barrier layer is further formed underneath the

metal layer,

the second barrier layer, the metal layer, and the first barrier

layer are continuously formed in a same chamber, and
the second barrier layer, the metal layer, and the first barrier
layer are concurrently patterned.

24. The method of claim 21 further comprising forming a
pixel-defining film on the insulating layer, the pixel-defining
film exposing a top surface of the pixel electrode.

25. The method of claim 24, wherein

the insulating layer and the pixel-defining film each com-

prise an organic insulating material.

26. A thin film transistor array substrate comprising

a thin film transistor comprising a gate electrode, an active

layer, a source electrode, and a drain electrode;

a first conductive layer pattern ona same layer as the source

electrode and the drain electrode;

a first electrode on the first conductive layer pattern; and

a protection layer on a same layer as the first electrode and

contacting both side walls of the first conductive layer
pattern.

27. The thin film transistor array substrate of claim 26,
wherein

the first conductive layer pattern comprises:

ametal layer comprising a copper or a copper alloy; and
a first barrier layer on the metal layer.

28. The thin film transistor array substrate of claim 27,
wherein

a patterning cross-section of the metal layer is flush with a

patterning cross-section of the first barrier layer.

29. The thin film transistor array substrate of claim 26,
wherein

the protection layer comprises a same material as the first

electrode.

30. The thin film transistor array substrate of claim 26,
wherein

the protection layer contacts a patterning cross-section of

the first conductive layer pattern.
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31. A thin film transistor array substrate comprising:
athin film transistor comprising a gate electrode, an active
layer, a source electrode, and a drain electrode;
afirst conductive layer pattern ona same layer as the source
electrode and the drain electrode;
a first electrode on the first conductive layer pattern;
a first insulating layer on the first electrode; and
a protection layer contacting both side walls of the first
conductive layer pattern and the first insulating layer.
32. The thin film transistor array substrate of claim 31,
wherein the first insulating layer comprises an organic insu-
lating material.
33. The thin film transistor array substrate of claim 31,
further comprising
a second electrode on the first insulating layer, the second
electrode comprising a same material as the first elec-
trode.
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