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THIN-FILM TRANSISTOR SUBSTRATE,
METHOD OF MANUFACTURING SAME, AND
ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS INCLUDING THIN-FILM
TRANSISTOR SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Any and all applications for which a foreign or
domestic priority claim is identified in the Application Data
Sheet as filed with the present application are hereby incor-
porated by reference under 37 CFR 1.57. For example, this
application claims the benefit of Korean Patent Application
No. 10-2013-0058547, filed on May 23, 2013, in the Korean
Intellectual Property Office, the disclosure of which is incor-
porated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to a thin film transis-
tor (TFT) substrate, an organic light-emitting display appa-
ratus including the TFT substrate, and a method of manufac-
turing the TFT substrate, and more particularly, to a thin film
transistor (TFT) substrate that decreases interference
between a capacitor and other interconnections and a simpli-
fied manufacturing method.

[0004] 2. Description of the Related Technology

[0005] Among display apparatuses, an organic light-emit-
ting display apparatus is receiving attention as a next-genera-
tion display apparatus because it has wide viewing angles,
excellent contrast, and high response speeds. The organic
light-emitting display apparatus has a thin film transistor
(TFT) substrate that includes TF Ts, a capacitor, and intercon-
nections that electrically connect them. TFTs, capacitor, and
interconnections are often manufactured with a photolithog-
raphy process using a patterned mask.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0006] In one aspect, a method of manufacturing such a
typical thin film transistor (TFT) array substrate is provided.
The method includes, for example, using a mask having a
desired pattern. As the number of processes of using a mask
increases, the cost of manufacturing also increases. In addi-
tion, use of a mask may also complicate manufacture. More
complex manufacture increases manufacturing time and
manufacturing cost. Moreover, adding a mask when forming
acapacitor or in forming interconnections with specific width
may be limited.

[0007] Inanother aspect, the present disclosure a TFT array
substrate is provided.

[0008] In another aspect, an organic light-emitting display
apparatus including a TFT array substrate is provided.
[0009] Inanother aspect, a method of manufacturing a TFT
array substrate is provided. The method may include, for
example, a simplified manufacturing process and decreased
interference between a capacitor and other interconnections.
[0010] A thin film transistor (TFT) substrate may include,
for example, a substrate, a TFT formed on the substrate, the
TFT including an active layer, a gate electrode, a source
electrode, and a drain electrode, a pixel electrode connected
electrically to one of the source electrode and the drain elec-
trode, and a capacitor having a lower capacitor electrode and
an upper capacitor electrode, the lower capacitor electrode
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formed from the same material as the active layer and
arranged on the same layer as the active layer, and the upper
capacitor electrode formed from the same material as the
pixel electrode.

[0011] In some embodiments, the TFT substrate further
includes, for example, a first insulating layer formed between
the active layer and the gate electrode and between the lower
capacitor electrode and the upper capacitor electrode, and a
second insulating layer formed between the source electrode
and the gate electrode and between the drain electrode and the
gate electrode. In some embodiments, the second insulating
layer has a first opening corresponding to the lower capacitor
electrode. In some embodiments, the TFT substrate further
includes a third insulating layer covering the source electrode
and the drain electrode. In some embodiments, the third insu-
lating layer is formed between the second insulating layer and
the pixel electrode and has a second opening corresponding to
the lower capacitor electrode. In some embodiments, the
upper capacitor electrode may cover a part of the first insu-
lating layer exposed by the first opening and the second
opening, an internal surface of the first opening, and an inter-
nal surface of the second opening. In some embodiments, a
part of the upper capacitor electrode may have the same
thickness as the pixel electrode. In some embodiments, the
part corresponds to the first insulating layer. In some embodi-
ments, the TFT substrate may further include a connection
layer arranged on the first insulating layer to be in contact
with the upper capacitor electrode. In some embodiments, the
connection layer is formed from the same material as the gate
electrode. In some embodiments, the connection layer may
have a connection opening corresponding to the first opening.
In some embodiments, an internal surface of the connection
opening and an internal surface of the first opening may have
the same internal surface along the first opening. In some
embodiments, the upper capacitor electrode may cover a part
of the first insulating layer exposed by the first opening, the
second opening, and the connection opening, an internal sur-
face of the connection opening, an internal surface of the first
opening, and an internal surface of the second opening.
[0012] In another aspect, an organic light-emitting display
apparatus is provided that includes, for example, a substrate,
athin film transistor (TFT) arranged on the substrate, the TFT
including an active layer, a gate electrode, a source electrode,
and a drain electrode, a pixel electrode electrically connected
to one of the source electrode and the drain electrode, a
capacitor including a lower capacitor electrode and an upper
capacitor electrode, the lower capacitor electrode formed on
the same layer as the active layer and the upper capacitor
electrode formed from the same material as the pixel elec-
trode, an intermediate layer arranged on the pixel electrode,
and a counter electrode arranged on the intermediate layer.

[0013] Inanother aspect, a method of manufacturing a thin
film transistor (TFT) substrate is provided that includes, for
example, forming a semiconductor layer on a substrate, pat-
terning the semiconductor layer into an active layer and a
lower capacitor electrode, forming a first insulating layer to
cover the active layer and the lower capacitor electrode, form-
ing a gate electrode of a TFT and a connection layer of a
capacitor on the first insulating layer, forming a second insu-
lating layer with an opening through which a source area and
a drain area of the active layer and the connection layer are
exposed, forming an temporary layer on the connection layer,
a source electrode, and a drain electrode, forming a third
insulating layer having an opening through which a part ofthe
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source electrode and the temporary layer are exposed, remov-
ing a part of the connection layer, and the temporary layer,
and forming a pixel electrode electrically connected to one of
the source electrode and the drain electrode, and an upper
capacitor electrode corresponding to the lower capacitor elec-
trode, on the third insulating layer.

[0014] In some embodiments, the forming of the second
dielectric layer may include forming the second insulating
layer having an opening through which the central part of the
top ofthe connection layer is exposed. In some embodiments,
the forming of the third dielectric layer may include forming
the third insulating layer having an opening through which
the whole top part of the temporary layer is exposed. In some
embodiments, the method may further include doping the
lower capacitor electrode with an ionic impurity after remov-
ing the temporary layer. In some embodiments, the forming
of the pixel electrode and the upper capacitor electrode may
include simultaneously forming the pixel electrode and the
upper capacitor electrode. In some embodiments, the forming
of the upper capacitor electrode may include forming the
upper capacitor electrode such that it is in contact with the
connection layer. In some embodiments, the forming of the
upper capacitor electrode may include forming the upper
capacitor electrode to face the lower capacitor electrode and
to be in contact with internal sides of the opening of the
second insulating layer and the opening of the third insulating
layer. In some embodiments, the forming of the pixel elec-
trode and the upper capacitor electrode may include simulta-
neously forming the pixel electrode and the upper capacitor
electrode. In some embodiments, the forming of the capacitor
may include forming the connection layer to face a part of the
lower capacitor electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Features of the present disclosure will become more
fully apparent from the following description and appended
claims, taken in conjunction with the accompanying draw-
ings. It will be understood these drawings depict only certain
embodiments in accordance with the disclosure and, there-
fore, are not to be considered limiting of its scope; the disclo-
sure will be described with additional specificity and detail
through use of the accompanying drawings. An apparatus,
system or method according to some of the described
embodiments can have several aspects, no single one of
which necessarily is solely responsible for the desirable
attributes of the apparatus, system or method. After consid-
ering this discussion, and particularly after reading the sec-
tion entitled “Detailed Description of Certain Inventive
Embodiments™ one will understand how illustrated features
serve to explain certain principles of the present disclosure.
[0016] FIG. 11is a schematic cross-sectional view of a thin
film transistor (TFT) array substrate according to an embodi-
ment while manufacturing the substrate.

[0017] FIG. 2 is a schematic cross-sectional view of the
TFT illustrating a portion of the manufacturing process.
[0018] FIG. 3 is a schematic cross-sectional view of the
TFT illustrating a portion of the manufacturing process.
[0019] FIG. 4 is a schematic cross-sectional view of the
TFT illustrating a portion of the manufacturing process.
[0020] FIG. 5 is a schematic cross-sectional view of the
TFT illustrating a portion of the manufacturing process.
[0021] FIG. 6 is a schematic cross-sectional view of the
TFT illustrating a portion of the manufacturing process.
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[0022] FIG. 7 is a schematic cross-sectional view of the
TFT illustrating a portion of the manufacturing process.
[0023] FIG. 8 is a schematic cross-sectional view of the
TFT illustrating a portion of the manufacturing process.
[0024] FIG. 9 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
embodiment of the present disclosure.

[0025] FIG. 10is a schematic cross-sectional view ofa TFT
array substrate according to another embodiment of the
present disclosure during manufacturing the substrate.
[0026] FIG. 11is a schematic cross-sectional view ofa TFT
array substrate according to another embodiment of the
present disclosure during a manufacturing process.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0027] 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 alist of
elements, modify the entire list of elements and do not modify
the individual elements of the list. Embodiments of the
present invention will be described below in detail with ref-
erence to the accompanying drawings. The present invention
may, however, be embodied in different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so this disclosure
will be thorough and complete. and will fully convey the
scope of the present invention to a person of ordinary skill in
the art. For convenience of description, the sizes of compo-
nents may be exaggerated or reduced in the drawing. For
example, since the size and thickness of each component in
the drawing is arbitrarily represented for convenience of
description, the present invention is not limited thereto. When
an element such as a layer, a film, area, or a plate is referred to
as being “on” another element, it can be directly on said
another element or intervening elements may also be present.
[0028] FIGS. 1 to 8 are schematic cross-sectional views of
a method of manufacturing a thin film transistor (TFT) sub-
strate 1.

[0029] Referring to FIG. 1, a thin film transistor (TFT)
substrate 1 according to an embodiment of the present dis-
closure has at least a substrate 10 and a buffer layer 11 that is
arranged on the substrate 10. The substrate 10 may have a
transistor area TA and a capacitor area CA.

[0030] The substrate 10 may be a transparent substrate,
such as a plastic substrate including polyethylene terephtha-
late (PET), polyethylene naphthalate (PEN), polyimide, etc.,
as well as a glass substrate. However, the present disclosure is
not limited to only bottom emission. The substrate 10 may be
formed of a metal material as needed.

[0031] Thebuffer layer 11 may be further included to form
a flat surface on the substrate 10 and block permeation of
impure elements into the substrate 10. The buffer layer 11
may be formed as a single layer or a plurality of layers of
silicon nitride and/or silicon oxide.

[0032] Subsequently, an active layer 102 is formed on the
bufferlayer 11 on the transistor area TA of the substrate 10. In
some embodiments, a lower capacitor electrode 202 is
formed on the buffer layer 11 on the capacitor area CA of the
substrate 10. In some embodiments, after a silicon layer is
formed on the buffer layer 11, the silicon layer may be pat-
terned by using a mask to simultaneously form the active
layer 102 and the lower capacitor electrode 202. The active
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layer 102 and the lower capacitor electrode 202 may be
formed of a semiconductor material that includes amorphous
silicon or crystalline silicon.

[0033] As such, after forming the buffer layer 11, and the
active layer 102 and lower capacitor electrode 202 of the TFT
on the substrate 10, a first insulating layer 13 that is a gate
insulating film may be formed, as shown in FIG. 2. The gate
insulating film may be formed as an inorganic insulating film
that may include SiO,, SiNx, SiON, Al,O;, TiO,, Ta,O;,
HfO,, Zr0O,, BST, PZT, etc.

[0034] A gate electrode 104 is formed to correspondingly
face a channel area 1025 (see F1G. 3) of the active layer 102
on the first insulating layer 13 by using a mask, and a con-
nection layer 204 is formed to correspondingly face the lower
capacitor electrode 202 on the first insulating layer 13. As
described below, the connection layer 204 may be formed to
completely or partially face the lower capacitor electrode
202.

[0035] The connection layer 204 may be formed simulta-
neously with forming the gate electrode 104. That is, after
forming a conductive layer on the first insulating layer 13 that
is the gate insulating film, the conductive layer 204 may be
patterned by using a mask to simultaneously form the gate
electrode 104 and the connection layer 204. The connection
layer 204 may be formed from the same material as the gate
electrode 104 and may be formed in the same thickness as the
gate electrode 104.

[0036] The gate electrode 104 and the connection layer 204
may be formed as a single layer or a plurality of layer by using
one or more metals selected from aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome
(Cr), lithium (Li), calcium (Ca), Molybdenum (Mo), titanium
(Th), tungsten (W), and copper (Cu), for example.

[0037] An upper capacitor electrode 208 is connected to a
wiring (not shown) on the connection layer 204 that may be
arranged to completely face the lower capacitor electrode
202, as shown in FIGS. 1 to 8. Alternatively, the connection
layer 204 may be arranged to partially face the lower capaci-
tor electrode 202, as shown in FIGS. 10 and 11 that schemati-
cally show processes related to a method of manufacturing a
TFT substrate, according to another embodiment.

[0038] Subsequently, a part of the active layer 102, which is
not shielded by the gate electrode 104, is doped with an ionic
impurity. Through the doping process, a source area 102a
connected to a source electrode 106, and a drain area 102¢
connected to a drain electrode 107 are formed.

[0039] Next, a second insulating layer 15 is formed on the
first insulating layer 13 to cover the gate electrode 104 and the
connection layer 204, as shown in FIG. 3. Subsequently,
through a patterning process using a mask, a first opening 155
that exposes the central part of the top of the connection layer
204, and a contact hole that exposes the source area 102a and
the drain area 102¢ are formed.

[0040] In this case, as shown in FIG. 3, the second insulat-
ing layer 15 may be overlap with both edges of the connection
layer 204. That is, the second insulating layer 15 may be
formed to cover at least a part of the edges of the connection
layer 204. As described below, it is intended so that to a part
of the connection layer 204 that is covered with the second
insulating layer 15 electrically connects the upper capacitor
electrode 208 (see FIG. 8) to an interconnection.

[0041] After forming the openings in the second insulating
layer 15, the source electrode 106, the drain electrode 107,
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and a temporary layer 206 are formed as shown in FIG. 4. In
this case, the source electrode 106 and the drain electrode 107
are respectively connected to the source area 102q and the
drain area 102¢ of the active layer 102 through the contact
hole, and the temporary layer 206 is arranged on the connec-
tion layer 204.

[0042] The temporary layer 206 may be formed simulta-
neously with the source electrode 106 and the drain electrode
107. That is, after forming a conductive layer on the second
insulating layer 15, the conductive layer may be patterned by
using a mask to simultaneously form the source electrode
106, the drain electrode 107, and the temporary layer 206. In
some embodiments, the metal layer may include a material of
the source electrode 106 and the drain electrode 107.

[0043] The source electrode 106 and the drain electrode
107 may be formed as a single layer or a plurality of layers by
using one or more metals selected from aluminum (Al), plati-
num (Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome
(Cr), lithium (L1), calcium (Ca), Molybdenum (Mo), titanium
(Ti), tungsten (W), and copper (Cu), for example.

[0044] Referring to FIG. 5, a third insulating layer 17 is
formed on the second insulating layer 15 to cover the source
electrode 106 and the drain electrode 107. After forming the
third insulating layer 17, a via hole and a second opening 175
are formed by using a mask. In this case, the via hole exposes
any one of the source electrode 106 and the drain electrode
107, and the second opening 175 exposes the temporary layer
206.

[0045] In the method of manufacturing an organic light-
emitting display apparatus according to the embodiment, the
second insulating layer 15 and the third insulating layer 17
may be understood as an interlayer insulating film. The sec-
ond insulating layer 15 and the third insulating layer 17 may
be formed as an inorganic insulating film. The second insu-
lating layer 15 and the inorganic insulating film that forms the
second insulating layer 15 may include Si02, SiNx, SiON,
Al203, TiO2, Ta205, HfO2, ZrO2, BST, PZT, etc.

[0046] Subsequently, as shown FIG. 6, the temporary layer
206 and the connection layer 204 exposed through the second
opening 175 formed on the third insulating layer 17 are
together etched and thus removed. In this case, a part of the
connection layer 204 between the first insulating layer 13 and
the temporary layer 206 is etched, which is a part of the
connection layer 204 exposed through the first opening 156 of
the second insulating layer 15. Thus, at least a part of the
connection layer 204 covered with the second insulating layer
15 is not removed and thus remains as a connection section
204-1. That is, it may be understood that the connection
section 204-1 has a connection opening 2045 that exposes a
part of the first insulating layer 13. That is, an internal side 15a
of the first opening 156 of the second insulating layer 15 and
an internal side 204a of the connection opening 2045 of the
connection section 204-1 are the same etched surface. The
connection section 204-1 may be understood as a part of
interconnections that will be electrically connected to the
upper capacitor electrode 208 (see FIG. 8).

[0047] As described above, after removing the temporary
layer 206 and a part of the connection layer 204, the lower
capacitor electrode 202 of the capacitor area CA may be
doped with an ionic impurity, as shown in FIG. 7.

[0048] Subsequently. as shown in FIG. 8, a conductive
layer is formed on the third insulating layer 17 and then
patterned by using a mask so a pixel electrode 108 in contact
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with the source electrode 106 is formed on the third insulating
layer 17 of the transistor area TA. In this case, the upper
capacitor electrode 208 may be formed simultaneously with
the pixel electrode 108 on the capacitor area CA. The upper
capacitor electrode 208 will be described below.

[0049] Although it is shown that each of the buffer layer 11,
the first insulating layer 13, the second insulating layer 15,
and the third insulating layer 17 is formed as one layer, the
present disclosure is not limited thereto and each of the layers
may be formed as a plurality of layers.

[0050] The upper capacitor electrode 208 is formed on an
internal side 17a of the second opening 176 of the third
insulating layer 17, on the internal side 154 of the first open-
ing 154 of the second insulating layer 15, on an internal side
204a of the connection opening 2045 of the connection layer
204 remaining on the first insulating layer 13, and on the first
insulating layer 13 exposed through the connection opening
2045 of the connection layer 204.

[0051] As previously described, the pixel electrode 108 and
the upper capacitor electrode 208 may be simultaneously
formed. Thus, the upper capacitor electrode 208 may be
formed from the same material as the pixel electrode 108. In
some embodiments, when the pixel electrode 108 and the
upper capacitor electrode 208 are simultaneously formed, a
part of the upper capacitor electrode 208 on the first insulating
layer 13 may have the same thickness as the pixel electrode
108. However, a part of the upper capacitor electrode that
covers the connection opening 204b, the first opening 155,
and the second opening 176 may be simultaneously formed
but may not have the same thickness as the pixel electrode
108.

[0052] The pixel electrode 108 may be a (semi) transparent
electrode or reflective electrode. The (semi) transparent elec-
trode may be formed of indium tin oxide (ITO), indium zinc
oxide (I1Z0), zinc oxide (Zn0O), indium oxide (In,0;), indium
gallium oxide (IGO), or aluminum zinc oxide (AZO), for
example. The reflective electrode may include a reflective
film formed of a film that is formed of silver (Ag), magnesium
(Mg), aluminum (Al), platinum (Pt), palladium (Pd), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome (Cr)
oracombination thereof, and a film that is formed of tin oxide
(ITO), indium zinc oxide (1ZO), zinc oxide (ZnO), or indium
oxide (In,0,). Of course, the configuration and material of
the pixel electrode 108 are not limited thereto and other ones
may be used.

[0053] According to the method of manufacturing a TFT
substrate, according to the embodiment, it is possible to form
a capacitor so that interference between the capacitor and
other interconnections decreases without using an additional
mask.

[0054] FIG. 9 is a schematic cross-sectional view of an
organic light-emitting display apparatus 2 according to
another embodiment of the present disclosure. The organic
light-emitting display apparatus 2 according to the embodi-
ment further includes an intermediate layer 120, a counter
electrode 130, and a fourth insulating layer 19 functioning as
apixel defining film on the TFT substrate 10. In particular, the
organic light-emitting display apparatus 2 according to the
embodiment includes the substrate 10, a TFT that is arranged
on the substrate 10 and includes the active layer 102, the gate
electrode 104, the source electrode 106, and the drain elec-
trode 107, the pixel electrode 108 connected electrically to at
least one of the source electrode 106 and the drain electrode
107, a capacitor that includes the lower capacitor electrode
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202 arranged on the same layer as the active layer 102, and the
upper capacitor electrode 208 that is formed from the same
material as the pixel electrode 108, and the counter electrode
130 that is arranged on the intermediate layer 120 that
includes an organic emission layer on the pixel electrode 108.
[0055] The organic emission layer may be arranged on the
pixel electrode 108 of the transistor area TA, and light emitted
from the intermediate layer 120 may be emitted to the outside
through the pixel electrode 108 and the substrate 10 or
through the counter electrode 130.

[0056] The fourth insulating layer 19 that may be under-
stood as a pixel defining film has an opening that exposes at
least the central part of the pixel electrode 108. Such a pixel
defining film may play a role in defining a pixel because it has
an opening facing each sub-pixel through which the central
part of or a whole part of the pixel electrode 108 is exposed.
In some embodiments, the pixel defining film increases the
distance between the edge of the pixel electrode 108 and the
counter electrode 130 on the pixel electrode 108, and thus,
may play a role of preventing the edge of the pixel electrode
108 from experiencing arc.

[0057] The fourth insulating layer 19 may be formed as an
organic insulating film. The fourth insulating layer 19 may
include commercial polymer (such as PMMA, PS), a polymer
derivative having a phenol group, acryl-based polymer,
imide-based polymer, aryl ether-based polymer, amide-based
polymer, fluorine-based polymer, p-xylene-based polymer,
vinyl alcohol-based polymer, or a blend thereof.

[0058] Theintermediate layer 120 may include various lay-
ers, some of which may be patterned to be integrated for a
plurality of pixels and some of which may be patterned to face
each pixel.

[0059] The intermediate layer 120 may be a small molecu-
lar organic material or a polymeric organic material. When
the intermediate layer 120 is formed of the small molecular
organic material, a hole transport layer (HTL), a hole injec-
tion layer (HIL), an electron transport layer (ETL), and an
electron injection layer (EIL) may be stacked around the
intermediate layer 120. In some embodiments, various layers
may be stacked as needed. In this case, an available organic
material may include copper phthalocyanine (CuPc), N-Di
(naphthalene-1-y1)-N,N'-diphenyl-benzidine (NPB), tris-8-
hydroxyquinoline aluminum (Alq3), etc. When the interme-
diate layer 120 is formed of the polymeric organic material,
an HTL may be included in addition to the intermediate layer
120. The HTL may be formed of poly-(2,4)-ethylene-dihy-
droxy thiophene (PEDOT) or polyaniline (PANT). In this
case, an available organic material may include poly-phe-
nylene vinylene-based and polyfluorene-based polymeric
organic material.

[0060] The counter electrode 130 is formed on the interme-
diate layer 120 as a common electrode. Such a counter elec-
trode 130 may be formed as a reflective electrode that is
formed from a reflective material. The counter electrode 130
may include one or more materials selected from Ag, Al, Mg,
Li, Ca, LiF/Ca, and LiF/Al. Since the counter electrode 130 is
included as a reflective electrode, light emitted from the inter-
mediate layer 120 is reflected by the counter electrode 130,
penetrates the pixel electrode 108 including a transparent
conductive material, and is emitted toward the substrate 10.
Alternatively, the counter electrode 130 may be a (semi)
transparent electrode. In the case of the (semi) transparent
electrode, the counter electrode 130 may be formed of indium
tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide (ZnO),



US 2014/0346461 Al

indium oxide (In,0y), indium gallium oxide (IGO) or alumi-
num zinc oxide (AZO). Of course, the configuration and
material of the counter electrode 130 are not limited thereto
and other ones may be used.

[0061] For the capacitor area CA, the lower capacitor elec-
trode 202 that is formed from the same material as the active
layer 102 of the TFT, the upper capacitor electrode 208 that is
formed from the same material as the pixel electrode 108, and
the first insulating layer 13 that is disposed between the lower
capacitor electrode 202 and the upper capacitor electrode 208
are formed on the substrate 10 and the buffer layer 11.
[0062] In this case, the second insulating layer 15 between
the gate electrode 104 and the source electrode 106 and
between the gate electrode 104 and the drain electrode 107 of
the TFT is not formed between the upper capacitor electrode
208 and the lower capacitor electrode 202. In some embodi-
ments, the third insulating layer 17 between the pixel elec-
trode 108 and the source electrode 106 and between the pixel
electrode 108 and the drain electrode 107 of the TFT is not
formed between the upper capacitor electrode 208 and the
lower capacitor electrode 202 either. That is, as described
above, only the first insulating layer 13 may be formed
between the upper capacitor electrode 208 and the lower
capacitor electrode 202.

[0063] Although the second insulating layer 15 functioning
as the interlayer insulating film of the TFT is designed to have
a thickness over a certain value in consideration of the char-
acteristics of the TFT, it is possible to increase capacitance if
a insulating film is formed to have the same thickness as the
interlayer insulating film, because the capacitor decreases in
capacitance as the thickness of the insulating film increases.
[0064] However, according to the organic light-emitting
display apparatus 2 according to the embodiment, the second
insulating layer 15 is not disposed between electrodes of the
capacitor, and the first insulating layer 13 disposed between
the electrodes of the capacitor may be formed to have a
thickness thatis as small as that of a gate insulating film. Thus,
it is possible to effectively prevent a decrease in the capaci-
tance of the capacitor.

[0065] FIGS. 10 and 11 are schematic cross-sectional
views of TFT substrates 10 according to other embodiments
of the present disclosure. As shown in FIG. 10, on the capaci-
tor area CA, the connection layer 204 arranged on the first
insulating layer 13 may be arranged to face a part of the lower
capacitor electrode 202. Subsequently, as shown in FIG. 11,
the connection section 204-1 is formed on the first insulating
layer 13 through the simultaneous etching process of the
temporary layer 206 and the connection layer 204.

[0066] As previously described, the upper capacitor elec-
trode 208 may be in contact with the internal side 204a of the
connection section 204-1, and the connection section 204-1
may be a part of interconnections for transferring an electrical
signalto the capacitor. Thus, asin FIGS. 1 to 8, the connection
section 204-1 may remain on the whole surface of the con-
nection opening 2045 or as in FIGS. 10 and 11, the connection
section 204-1 may remain on one side of the connection
opening 2045.

[0067] While this invention has been described in connec-
tion with what are presently considered to be practical exem-
plary embodiments, it will be appreciated by those skilled in
the art that various modifications and changes may be made
without departing from the scope of the present disclosure. It
will also be appreciated by those of skill in the art that parts
included in one embodiment are interchangeable with other
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embodiments; one or more parts from a depicted embodiment
can be included with other depicted embodiments in any
combination. For example, any of the various components
described herein and/or depicted in the Figures may be com-
bined, interchanged or excluded from other embodiments.
With respect to the use of substantially any plural and/or
singular terms herein, those having skill in the art can trans-
late from the plural to the singular and/or from the singular to
the plural as is appropriate to the context and/or application.
The various singular/plural permutations may be expressly
set forth herein for sake of clarity. Thus, while the present
disclosure has described certain 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
included within the spirit and scope of the appended claims.

What is claimed is:

1. A thin film transistor (TFT) substrate, comprising:

a substrate;

a TFT formed on the substrate, wherein the TEFT includes
an active layer, a gate electrode, a source electrode, and
a drain electrode;

apixel electrode electrically connected to one ofthe source
electrode and the drain electrode; and

a capacitor comprising a lower capacitor electrode and an
upper capacitor electrode, wherein the lower capacitor
electrode is formed from the same material as the active
layer and is formed on the same layer as the active layer,
and wherein the upper capacitor electrode is formed
from the same material as the pixel electrode.

2. The TFT substrate of claim 1, further comprising:

a first insulating layer formed between the active layer and
the gate electrode and between the lower capacitor elec-
trode and the upper capacitor electrode;

a second insulating layer formed between the source elec-
trode and the gate electrode and between the drain elec-
trode and the gate electrode, wherein the second insu-
lating layer has a first opening corresponding to the
lower capacitor electrode; and

a third insulating layer formed covering the source elec-
trode and the drain electrode, wherein the third insulat-
ing layer is formed between the second insulating layer
and the pixel electrode and has a second opening corre-
sponding to the lower capacitor electrode.

3. The TFT substrate of claim 2, wherein the upper capaci-
tor electrode is formed to cover a part of the first insulating
layer exposed by the first opening and the second opening, an
internal surface of the first opening, and an internal surface of
the second opening.

4. The TFT substrate of claim 3, wherein a part of the upper
capacitor electrode has the same thickness as the pixel elec-
trode.

5. The TFT substrate of claim 2, further comprising a
connection layer formed on the first insulating layer and
contacting the upper capacitor electrode, wherein the connec-
tion layer is formed from same material as the gate electrode.

6. The TFT substrate of claim 5, wherein the connection
layer has a connection opening corresponding to the first
opening.

7. The TFT substrate of claim 6, wherein an internal surface
of the connection opening and an internal surface of the first
opening have the same internal surface along the first open-
ing.
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8. The TFT substrate of claim 7, wherein the upper capaci-
tor electrode covers a part of the first insulating layer exposed
by the first opening, the second opening, and the connection
opening; an internal surface of the connection opening; an
internal surface of the first opening; and an internal surface of
the second opening.

9. An organic light-emitting display apparatus, compris-
ing:

a substrate;

a thin film transistor (TFT) formed on the substrate,
wherein the TFT includes an active layer, a gate elec-
trode, a source electrode, and a drain electrode;

apixel electrode electrically connected to one of the source
electrode and the drain electrode;

a capacitor comprising a lower capacitor electrode and an
upper capacitor electrode, wherein the lower capacitor
electrode is formed on the same layer as the active layer
and the upper capacitor electrode is formed from the
same material as the pixel electrode;

an intermediate layer arranged on the pixel electrode; and

a counter electrode formed on the intermediate layer.

10. The organic light-emitting display apparatus of claim 9,
further comprising:

a first insulating layer formed between the active layer and
the gate electrode and between the lower capacitor elec-
trode and the upper capacitor electrode;

a second insulating layer formed between the source elec-
trode and the gate electrode and between the drain elec-
trode and the gate electrode, wherein the second insu-
lating layer has a first opening corresponding to the
lower capacitor electrode; and

a third insulating layer formed covering the source elec-
trode and the drain electrode, wherein the third insulat-
ing layer is formed between the second insulating layer
and the pixel electrode and has a second opening corre-
sponding to the lower capacitor electrode.

11. The organic light-emitting display apparatus of claim
10, wherein the upper capacitor electrode is formed to cover
a part of the first insulating layer exposed by the first opening
and the second opening, an internal surface of the first open-
ing, and an internal surface of the second opening.

12. A method of manufacturing a thin film transistor (TFT)
substrate, the method comprising:

forming a semiconductor layer on a substrate;

patterning the semiconductor layer into an active layer and
a lower capacitor electrode;

forming a first insulating layer to cover the active layer and
the lower capacitor electrode;
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forming a gate electrode of a TFT and a connection layer of
a capacitor on the first insulating layer;

forming a second insulating layer having an opening
through which a source areaand a drain area of the active
layer and the connection layer are exposed;

forming an temporary layer on the connection layer, a

source electrode, and a drain electrode;

forming a third insulating layer having an opening through

which a part of the source electrode and the temporary
layer are exposed;

removing a part of the connection layer and the temporary

layer; and

forming a pixel electrode electrically connected to one of

the source electrode and the drain electrode, and an
upper capacitor electrode corresponding to the lower
capacitor electrode, the pixel electrode and the upper
capacitor electrode formed on the third insulating layer.

13. The method of claim 12, wherein the forming of the
second insulating layer comprises forming the second insu-
lating layer having an opening through which the central part
of the top of the connection layer is exposed.

14. The method of claim 12, wherein the forming of the
third insulating layer comprises forming the third insulating
layer having an opening through which the whole top part of
the temporary layer is exposed.

15. The method of claim 12, further comprising doping the
lower capacitor electrode with an ionic impurity after remov-
ing the temporary layer.

16. The method of claim 12, wherein the pixel electrode
and the upper capacitor electrode are formed simultaneously.

17. The method of claim 12, wherein the forming of the
upper capacitor electrode comprises forming the upper
capacitor electrode such that it is in contact with the connec-
tion layer.

18. The method of claim 17, wherein the forming of the
upper capacitor electrode comprises forming the upper
capacitor electrode to face the lower capacitor electrode and
to be in contact with internal sides of the opening of the
second insulating layer and the opening of the third insulating
layer.

19. The method of claim 18, wherein the pixel electrode
and the upper capacitor electrode are formed simultaneously.

20. The method of claim 12, wherein the forming of the
capacitor comprises forming the connection layer to face a
part of the lower capacitor electrode.
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