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7) ABSTRACT

A thin film transistor (TFT) array substrate is disclosed. In
one aspect, the substrate includes a buffer layer formed over
asubstrate, a storage capacitor formed in the buffer layer and
including a first electrode and a second electrode surrounding
and insulated from the first electrode and a driving TFT
formed over the buffer layer.
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THIN FILM TRANSISTOR ARRAY
SUBSTRATE, METHOD OF
MANUFACTURING THE SAME, AND
ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY INCLUDING THE SAME

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2014-0140175, filed on Oct. 16,2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to thin
film transistor (TET) array substrates, methods of manufac-
turing the same, and organic light-emitting diode (OLED)
displays including the same.

[0004] 2. Description of the Related Technology

[0005] An OLED display includes a matrix of pixels each
of which has an OLED including a hole injection electrode,
an electron injection electrode, and an organic emission layer
formed therebetween. Excitons are generated when holes
injected from the hole injection electrode and electrons
injected from the electron injection electrode are combined in
the organic emission layer, and light is generated when the
excitons fall from an excited state to a ground state.

[0006] OLED technology has favorable characteristics
such as low power consumption, lightweight, thin profile,
wide viewing angle, high contrast, and fast response time.
Therefore, the OLED display is considered to be a next-
generation display.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] One inventive aspect is a thin film transistor (TFT)
array substrate, a method of manufacturing the same, and an
OLED display including the same.

[0008] Another aspect is a TFT array substrate which
includes: a buffer layer formed on a substrate; a storage
capacitor formed in the buffer layer and including a first
electrode formed in a direction perpendicular to the substrate
and a second electrode formed in parallel to the first electrode
and insulated from the first electrode; and a driving TFT
formed on the buffer layer.

[0009] The TFT array substrate may further include a con-
nector connecting the first electrode and a drain electrode of
the driving TFT.

[0010] The storage capacitor may be formed on edges of
the substrate.
[0011] The first electrode may be formed along four side

edges of the substrate.

[0012] The second electrode may be formed at a predeter-
mined distance from the first electrode and on a more outer
side of the substrate than the first electrode, and the second
electrode may be formed along four side edges of the sub-
strate.

[0013] The TFT array substrate may further include a stor-
age insulating layer formed between and in parallel to the first
electrode and the second electrode.

[0014] Another aspect is a TFT array substrate which
includes: a driving TFT formed on a substrate; and a storage
capacitor formed in the substrate and including a first elec-
trode formed in a direction perpendicular to the substrate and
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asecond electrode formed in parallel to the first electrode and
insulated from the first electrode.

[0015] The TFT array substrate may further include a
buffer layer formed on a substrate, wherein an electrode hole
may be formed in the buffer layer.

[0016] TheTFT array substrate may further include: a gate
insulating layer and an interlayer insulating layer formed on
the buffer layer; and a connector formed on the interlayer
insulating layer to connect the first electrode and a drain
electrode of the driving TFT, wherein the connector may
connect the first electrode and the drain electrode through the
electrode hole.

[0017] The first electrode and the second electrode may be
formed on edges of the substrate and may be formed along
four side edges of the substrate, and the second electrode may
be formed on a more outer side of the substrate than the first
electrode.

[0018] Another aspect is a method of manufacturing a TEFT
array substrate which includes: forming a buffer layer on a
substrate; forming a first pattern in the buffer layer in a direc-
tion perpendicular to the substrate and forming a second
pattern in parallel to the first electrode in the buffer layer;
forming a storage capacitor by depositing a first electrode and
a second electrode in the first pattern and the second pattern,
respectively; forming an active layer, a source electrode, and
adrain electrode of a driving TFT on the buffer layer; forming
a gate insulating layer insulating a gate electrode and having
a contact hole on the active layer; and forming a connector
connecting the first electrode and the source electrode or the
drain electrode through the contact hole.

[0019] The first pattern and the second pattern may be
formed on edges of the substrate and may be formed along
four side edges of the substrate, and the second pattern may be
formed on a more outer side of the substrate than the first
pattern.

[0020] Another aspect is a method of manufacturing a TEFT
array substrate which includes: forming a first pattern in a
substrate in a direction perpendicular to the substrate and
forming a second pattern in parallel to the first electrode in the
substrate; forming a storage capacitor by depositing a first
electrode and a second electrode in the first pattern and the
second pattern, respectively; forming a buffer layer having an
electrode hole on a substrate; forming an active layer, a source
electrode, and a drain electrode of a driving TFT on the buffer
layer; forming a gate insulating layer insulating a gate elec-
trode and having a contact hole on the active layer; and
forming a connector connecting the first electrode and the
source electrode or the drain electrode through the contact
hole and the electrode hole.

[0021] Another aspect is an OLED display which includes:
a display region including a plurality of pixels; and a non-
display region formed around the display region, the plurality
of pixels each including: a buffer layer formed on a substrate;
a storage capacitor formed in the buffer layer and including a
first electrode formed in a direction perpendicular to the sub-
strate and a second electrode formed in parallel to the first
electrode and insulated from the first electrode; and a driving
TFT formed on the buffer layer.

[0022] Another aspect is a thin film transistor (TFT) array
substrate comprising: a buffer layer formed over a substrate;
a storage capacitor formed in the buffer layer and including a
first electrode and a second electrode surrounding and insu-
lated from the first electrode; and a driving TFT formed over
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the buffer layer. The above TFT array substrate further com-
prises a connector connecting the first electrode and a drain
electrode of the driving TFT.

[0023] Intheabove TFT array substrate, the storage capaci-
tor is formed on edges of the substrate. In the above TFT array
substrate, the first electrode is formed along four side edges of
the substrate. In the above TFT array substrate, the second
electrode is formed at a predetermined distance from the first
electrode and on a more outer side of the substrate than the
first electrode, and wherein the second electrode is formed
along four side edges of the substrate. The above TFT array
substrate further comprises a storage insulating layer formed
between and in substantially parallel to the first and second
electrodes. In the above TFT array substrate, the first and
second electrodes are formed on the same plane. In the above
TFT array substrate, each of the first and second electrodes
has a closed loop shape.

[0024] Another aspect is a thin film transistor (TFT) array
substrate comprising: a driving TFT formed over a substrate;
and a storage capacitor formed in the substrate and including
afirst electrode and a second electrode surrounding and insu-
lated from the first electrode.

[0025] The above TFT array substrate further comprises a
buffer layer formed over a substrate, wherein an electrode
hole is formed in the buffer layer. The above TFT array
substrate further comprises a gate insulating layer and an
interlayer insulating layer formed over the buffer layer; and a
connector formed on the interlayer insulating layer to connect
the first electrode and a drain electrode of the driving TFT,
wherein the connector connects the first electrode and the
drain electrode through the electrode hole.

[0026] In the above TFT array substrate, the first and sec-
ond electrodes are formed on edges of the substrate and are
formed along four side edges of the substrate, and wherein the
second electrode is formed on a more outer side of the sub-
strate than the first electrode. In the above TFT array sub-
strate, the first and second electrodes are formed on the same
plane. In the above TFT array substrate, each of the first and
second electrodes has a closed loop shape.

[0027] Another aspect is a method of manufacturing a thin
film transistor (TFT) array substrate, comprising: forming a
buffer layer over a substrate; forming a first pattern and a
second pattern in the buffer layer such that the second pattern
surrounds and is insulated from the first pattern; respectively
depositing first and second electrodes in the first and second
patterns so as to form a storage capacitor; forming an active
layer, a source electrode, and a drain electrode of a driving
TFT over the buffer layer; forming a gate insulating layer
insulating a gate electrode and having a contact hole passing
therethrough; and forming a connector connecting the first
electrode and the source electrode or the drain electrode
through the contact hole.

[0028] In the above method, the first and second patterns
are formed on edges of the substrate and are formed along
four side edges of the substrate, and wherein the second
pattern is formed on a more outer side of the substrate than the
first pattern.

[0029] Another aspect is a method of manufacturing a thin
film transistor (TFT) array substrate, comprising: forming a
first pattern and a second pattern in a substrate such that the
second pattern surrounds and is insulated from the first pat-
tern; respectively depositing first and second electrodes in the
first and second patterns so as to form a storage capacitor;
forming a buffer layer having an electrode hole passing there-
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through; forming an active layer, a source electrode, and a
drain electrode of a driving TFT over the buffer layer; forming
a gate insulating layer insulating a gate electrode and having
a contact hole passing therethrough; and forming a connector
connecting the first electrode and the source electrode or the
drain electrode through the contact hole and the electrode
hole.

[0030] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a display region including a
plurality of pixels; and a non-display region surrounding the
display region, wherein each of the pixels comprises: a buffer
layer formed over a substrate; a storage capacitor formed in
the buffer layer and including a first electrode and a second
electrode surrounding and insulated from the first electrode;
and a driving TFT formed on the buffer layer.

[0031] Inthe above display, the first and second electrodes
are formed on the same plane. In the above display, each of the
first and second electrodes has a closed loop shape.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1is a schematic cross-sectional view of a pixel
circuit of a thin film transistor (TFT) array substrate included
in an organic light-emitting display apparatus according to an
exemplary embodiment.

[0033] FIG. 2 is a top plan view of the TFT array substrate
of FIG. 1 in which a buffer layer is formed.

[0034] FIG. 3 is a perspective view of FIG. 2.
[0035] FIG. 4 is a cross-sectional view of FIG. 3.
[0036] FIG. 5 is a cross-sectional view of a TFT array

substrate according to another exemplary embodiment.
[0037] FIG. 6 is a cross-sectional view of a TFT array
substrate according to another exemplary embodiment.
[0038] FIGS.7Ato 7C are sequential cross-sectional views
illustrating a method of manufacturing a TFT array substrate
illustrated in FIG. 3, according to an exemplary embodiment.
[0039] FIG. 8 is a schematic cross-sectional view of an
organic light-emitting display apparatus according to an
exemplary embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0040] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments are
merely described below, by referring 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.
[0041] The described technology may include various
embodiments and modifications, and exemplary embodi-
ments are illustrated in the drawings and will be described
below in detail. However, it will be understood that the
described technology is not limited to the exemplary embodi-
ments and includes all modifications, equivalents and substi-
tutions falling within the spirit and scope of the described
technology. Like reference numerals or symbols denote like
elements throughout the specification and drawings.
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[0042] Although terms such as “first” and “second” may be
used herein to describe various elements or components,
these elements or components should not be limited by these
terms. These team are only used to distinguish one element or
component from another element or component.

[0043] Theterms used herein are for the purpose of describ-
ing exemplary embodiments only and are not intended to
limit the described technology. In this disclosure, the term
“substantially” includes the meanings of completely, almost
completely or to any significant degree under some applica-
tions and in accordance with those skilled in the art. More-
over, “formed on” can also mean “formed over.” The term
“connected” includes an electrical connection.

[0044] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying draw-
ings.

[0045] FIG.1isaschematic cross-sectional view of a pixel
circuit of a thin film transistor (TFT) array substrate included
in an OLED display according to an exemplary embodiment.
FIG. 2 is a top plan view of the TFT array substrate of FIG. 1
in which a buffer layer is formed. FIG. 3 is a perspective view
of FIG. 2. FIG. 4 is a cross-sectional view of FIG. 3.

[0046] TheTFT array substrate refers to a substrate includ-
ing at least one TFT. In this specification, the TFT array
substrate includes not only a case where a plurality of TFTs
are regularly arranged, but also a case where a plurality of
TFTs are irregularly arranged or a case where only one TFT
is arranged.

[0047] Although application of the TFT array substrate to
an OLED display is illustrated in exemplary embodiments,
the described technology it not limited thereto. The TET array
substrate may be applied to various display devices such as
liquid crystal display (LCD), electrophoretic display devices,
and plasma display devices.

[0048] In order to clearly represent the features of the
described technology, illustration of elements irrelevant to
partial representation of a driving TFT T1, a storage capacitor
Cst, and the like among elements such as some lines, some
electrodes, and some semiconductor layers formed in a sec-
tion taken along a cutting line is omitted in FIG. 1.

[0049] The TFT array substrate according to the present
exemplary embodiment includes a substrate 110, a buffer
layer 111 formed on the substrate 110, and a storage capacitor
Cst formed in the buffer layer 111.

[0050] Thebuffer layer 111 may function as a barrier layer
and/or a blocking layer that prevents diffusion of impurity
ions, prevents infiltration of outside air or moisture, and pla-
narizes a surface.

[0051] The buffer layer 111 may not be used in another
exemplary embodiment, which will be described later in
detail.

[0052] The storage capacitor Cst according to the present
exemplary embodiment may be formed in a direction perpen-
dicular to the substrate 110 as illustrated in FIG. 1. For
example, a first electrode C1 and a second electrode C2 of the
storage capacitor Cstmay be formed in the buffer layer 111 in
the direction perpendicular to the substrate 110 to be spaced
apart from each other by a predetermined distance.

[0053] The first electrode C1 and the second electrode C2
may include at least one metal selected from molybdenum
(Mo), aluminum (Al), platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Ir), chrome (Cr), lithium (Li), calcium (Ca),
titanium (T1), tungsten (W), and copper (Cu).
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[0054] 1Inatypical TFT array substrate, a storage capacitor
is generally formed in a direction parallel to a substrate. That
is, a lower electrode of the storage capacitor is formed on a
bufferlayer in parallel to the substrate, and an upper electrode
thereof is formed on an insulating layer to be insulated from
the lower electrode. In this case, a region for a TFT is reduced
due to the formation of the storage capacitor. Also, in the case
of a rear emission type display apparatus, there is a probabil-
ity of light being blocked by the electrodes of a storage
capacitor.

[0055] On the other hand, in the case of the TFT array
substrate according to the present exemplary embodiment,
the storage capacitor Cst is formed in the direction substan-
tially perpendicular to the substrate 110 or the second elec-
trode C2 surrounds the first electrode C1 such that they are
formed on the same plane. Accordingly, even when the stor-
age capacitor Cst is formed, the probability of reduction of a
region for a TFT may be reduced.

[0056] Also, since the first electrode C1 and the second
electrode C2 of the storage capacitor Cst is formed in the
direction substantially perpendicular to the substrate 110, the
probability of light being blocked by the electrodes may be
reduced. That is, even in a rear emission type display device,
the probability of light being blocked by the electrodes of the
storage capacitor Cst may be reduced.

[0057] Thus, in the TFT array substrate according to the
present exemplary embodiment, since the storage capacitor
Cst is formed in the direction substantially perpendicular to
the substrate 110, an aperture ratio thereof may be increased.

[0058] The first electrode C1 and the second electrode C2
may be formed to any depth d in the buffer layer 111.

[0059] Thesecond electrode C2 of the storage capacitor Cst
is insulated from the first electrode C1. For example, the
second electrode C2 may beinsulated from the first electrode
C1 by being formed at a predetermined distance from the first
electrode C1 in parallel to the first electrode C1.

[0060] That is, since the buffer layer 111 located between
the first and second electrodes C1 and C2 insulates the first
electrode C1 and the second electrode C2 from each other
even when a separate insulating layer is not formed therebe-
tween, the electrodes C1 and C2 may form the storage capaci-
tor Cst.

[0061] A driving TFT T1 is formed on the buffer layer 111.
The driving TFT T1 includes an active layer A1, a gate elec-
trode G1, a source electrode S1, and a drain electrode D1. The
source electrode S1 corresponds to a doped driving source
region in the active layer Al, and the drain electrode D1
corresponds to a doped driving drain region in the active layer
Al.Intheactive layer A1, a region between the driving source
region and the driving drain region corresponds to a driving
channel region.

[0062] The active layer A1 may include a channel region
that is not doped with a dopant and is formed of polysilicon,
and a source region and a drain region that are doped with a
dopant and are formed on both sides of the channel region.
Herein, the dopant depends on the type of the TFT, and may
be an N-type dopant or a P-type dopant.

[0063] Insomeembodiments, asillustrated in FIG. 1, a gate
insulating layer 120 is formed on the buffer layer 111 in which
the storage capacitor Cst is formed and on which the active
layer Alis formed. The gate insulating layer 120 may include
asingle layer or multiple layers formed of an inorganic mate-
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rial such as silicon oxide or silicon nitride. The gate insulating
layer 120 insulates the active layer A1 and the gate electrode
01 from each other.

[0064] A contact hole CNH may be formed in the gate
insulating layer 120. The first electrode C1 and the drain
electrode D1 of the driving TFT T1 may be connected through
the contact hole CNH.

[0065] The gate electrode G1 of the driving TFT T1 may be
formed on the gate insulating layer 120, and an interlayer
insulating layer 130 may be formed on the gate electrode G1.
[0066] Thegateelectrode G1 may include at least one metal
selected from molybdenum (Mo), aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome
(Cr), lithium (Li), calcium (Ca), titanium (Ti), tungsten (W),
and copper (Cu).

[0067] The interlayer insulating layer 130 may be formed
on an entire surface of the substrate 110 to cover the gate
electrode G1.

[0068] The interlayer insulating layer 130 may be formed
of an inorganic material or an organic material. In some
exemplary embodiments, the interlayer insulating layer 130
may be formed of an inorganic material. For example, the
interlayer insulating layer 130 may be formed of metal oxide
or metal nitride, and the inorganic material may include sili-
con oxide (Si0,), silicon nitride (SiN)), silicon oxynitride
(SiON), aluminum oxide (Al,0;), titanium oxide (TiO,),
tantalum oxide (Ta,Oj5), hafnium oxide (HfO, ), or zirconium
oxide (ZrO,). In some exemplary embodiments, the inter-
layer insulating layer 130 may be formed of a material having
a dielectric constant of about 4 to about 7.

[0069] The interlayer insulating layer 130 may include a
singlelayer or multiple layers formed of an inorganic material
such as silicon oxide (SiO,) and/or silicon nitride (SiN_). In
some exemplary embodiments, the interlayer insulating layer
130 may include a dual structure of SiO,/SiN,, or SiN,/SiO,.
[0070] Like in the gate insulating layer 120, a contact hole
CNH may be formed in the interlayer insulating layer 130.
The first electrode C1 and the drain electrode D1 of the
driving TFT T1 may be connected through the contact hole
CNH.

[0071] The TFT array substrate according to the present
exemplary embodiment further includes a connector 140 on
the interlayer insulating layer 130.

[0072] The connector 140 may connect the first electrode
C1 and the drain electrode D1 of the driving TFT T1 through
the contact hole CNH.

[0073] As illustrated in FIGS. 2 to 4, in the TFT array
substrate according to the present exemplary embodiment,
the storage capacitor Cst is formed on edges of the substrate
110. For example, the first electrode C1 is formed along and
around four side edges of the substrate 110.

[0074] The second electrode C2 may be formed outside the
first electrode C1 at a predetermined distance from the first
electrode C1. Also, like the first electrode C1, the second
electrode C2 may be formed along and around four side edges
of the substrate 110.

[0075] A storage capacitor of a typical TEFT array substrate
is generally formed around a center portion of a substrate in
parallel to the substrate. Accordingly, a region for a TFT is
reduced, and the capacity of the storage capacitor is
restricted.

[0076] On the other hand, since the storage capacitor Cst
according to the present exemplary embodiment is formed in
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the direction substantially perpendicular to the substrate 110,
space may be efficiently used and the capacity of the storage
capacitor Cst may be increased without affecting the region
for the TFT.

[0077] That is, since the storage capacitor Cst according to
the present exemplary embodiment is formed in the direction
perpendicular to the substrate 110, it may be formed on the
edges of the substrate 110 as illustrated in FIGS. 2 to 4. Also,
when the substrate 110 is formed to have a rectangular shape,
the substrate 110 has four side edges and the storage capacitor
Cstmay be formed on each of four side edges of the substrate
110.

[0078] That is, the first electrode C1 and the second elec-
trode C2 may be formed along and around four side edges of
the substrate 110. Accordingly, since the storage capacitor
Cst is formed on each of four side edges of the substrate 110,
the capacity of the storage capacitor Cst formed by the first
electrode C1 and the second electrode C2 may be increased.
[0079] The capacity of the storage capacitor Cst may be
increased without affecting the region for the TFT. In addi-
tion, the aperture ratio may be increased as described above.
[0080] As illustrated in FIG. 4, the storage capacitor Cst
may be formed on both ends of the substrate 110 from the
viewpoint of a section of the TFT array substrate. This is
because the storage capacitor Cst according to the present
exemplary embodiment is formed along four side edges ofthe
substrate 110.

[0081] As described above, since the storage capacitor Cst
is formed connectively along four side edges of the substrate
110 and thus the storage capacitor Cst is formed on each of
both ends of the substrate 110 from a sectional viewpoint, the
capacity of the storage capacitor Cst of the TFT array sub-
strate may be increased.

[0082] FIG. 5 is a cross-sectional view of a TFT array
substrate according to another exemplary embodiment.
[0083] For convenience of description, redundant descrip-
tions of the same elements of the present exemplary embodi-
ment as those of the above exemplary embodiment will be
omitted, and the following descriptions will focus on the
elements of the present exemplary embodiment different
from those of the above exemplary embodiment.

[0084] In the TFT array substrate according to the present
exemplary embodiment, a storage insulating layer CIL is
additionally formed between the first electrode Cl and the
second electrode C2.

[0085] Thebufferlayer 111 may function as a storage insu-
lating layer between the first electrode C1 and the second
electrode C2 of the storage capacitor Cst that are formed at a
predetermined distance from each other.

[0086] The storage insulating layer CIL may be addition-
ally formed between the first electrode C1 and the second
electrode C2 of the storage capacitor Cst according to the
present exemplary embodiment. The storage insulating layer
CIL may be formed of any material that may insulate the first
electrode C1 and the second electrode C2 from each other.
[0087] FIG. 6 is a cross-sectional view of a TFT array
substrate according to another exemplary embodiment.
[0088] The TFT array substrate according to the present
exemplary embodiment includes a substrate 110, a driving
TFT T1 found on the substrate 110, and a storage capacitor
Cst found in the substrate 110. Since the substrate 110 and the
driving TFT T1 are the same as in the above exemplary
embodiment, redundant descriptions thereof will be omitted
for convenience of description.
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[0089] The storage capacitor Cst may be formed in the
substrate 110 in a direction substantially perpendicular to the
substrate 110. That is, a first electrode C1 and a second
electrode C2 may be formed by partially patterning the sub-
strate 110 in the direction perpendicular to the substrate 110.
The second electrode C2 may be formed at a predetermined
distance from the first electrode C1 such that the second
electrode C2 is insulated from the first electrode C1.

[0090] Since the substrate 110 insulates the first electrode
C1 and the second electrode C2 from each other, a separate
insulating layer is not required. Also, a storage insulating
layer may be additionally formed between the first electrode
C1 and the second electrode C2.

[0091] The storage capacitor Cst may be formed at edges of
the substrate 110. That is, as in the above exemplary embodi-
ment, the first electrode C1 and the second electrode C2 may
be formed along and around four side edges of the substrate
110.

[0092] Accordingly, the capacity of the storage capacitor
Cst may be increased, and the aperture may be improved.
[0093] Unlike the storage capacitor Cst of the above exem-
plary embodiment formed in the buffer layer 111, the storage
capacitor Cstof the present exemplary embodiment is formed
in the substrate 110.

[0094] Since the storage capacitor Cst of the present exem-
plary embodiment is the same as the storage capacitor Cst of
the above exemplary embodiment except for this difference,
redundant descriptions thereof will be omitted for conve-
nience of description.

[0095] IntheTFT array substrate, a buffer layer 111 may be
formed on the substrate 110 having the storage capacitor Cst
formed therein.

[0096] An electrode hole 113 may be formed in the buffer
layer 111. The first electrode C1 and a drain electrode D1 of
the driving TFT T1 may be connected through the electrode
hole 113. Since the other features of the buffer layer 111 are
the same as those of the above exemplary embodiment,
redundant descriptions thereof will be omitted for conve-
nience of description.

[0097] A gate insulating layer 120 and an interlayer insu-
lating layer 130 may be formed on the buffer layer 111.
Contactholes CNH may be formed in the gate insulating layer
120 and the interlayer insulating layer 130, and the first elec-
trode C1 and the drain electrode D1 of the driving TFT T1
may be connected through the contact holes CNH. Since the
other features of the gate insulating layer 120 and the inter-
layer insulating layer 130 are the same as those of the above
exemplary embodiment, redundant descriptions thereof will
be omitted for convenience of description.

[0098] FIGS.7A to7C are sequential cross-sectional views
illustrating a method of manufacturing a TFT array substrate
illustrated in FIG. 3, according to an exemplary embodiment.
[0099] Referring to FIG. 7A, a buffer layer 111 may be
formed on a substrate 110, and a first pattern 111a may be
formed in the buffer layer 111 in a direction substantially
perpendicular to the substrate 110. The first pattern 1114 may
be formed to a predetermined depth d in the buffer layer 111.
[0100] The first pattern 111a may be formed by mask-
based patterning and etching processes. The etching process
may be performed by wet etching, dry etching, or a combi-
nation thereof. Of course, a method of forming the first pat-
tern 1114 is not limited thereto.

[0101] Also, a second pattern 1115 may be formed at a
predetermined distance from the first pattern 111a in parallel
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to the first pattern 111a . The first pattern 111a and the second
pattern 1115 may be formed simultaneously or sequentially
in any order.

[0102] The first pattern 111a and the second pattern 1115
may be formed on edges of the substrate 110, and may be
formed along and around four side edges of the substrate 110.
[0103] Referring to FIG. 7B, a first electrode C1 and a
second electrode C2 may be deposited in the first pattern 111a
and the second pattern 1115, respectively. The first electrode
C1 and the second electrode C2 may be deposited simulta-
neously or sequentially in any order.

[0104] Referring to FIG. 7C, after the deposition of the first
electrode C1 and the second electrode C2, an active layer Al
of a driving TFT may be formed on the buffer layer 111.
[0105] The active layer A1 may be formed of a semicon-
ductor including amorphous silicon or crystalline silicon, and
may be deposited by various deposition processes. In this
case, the crystalline silicon may be formed by crystallizing
the amorphous silicon. The amorphous silicon may be crys-
tallized by various processes, such as rapid thermal annealing
(RTA), solid phase crystallization (SPC), excimer laser
annealing (ELA), metal induced crystallization (MIC), metal
induced lateral crystallization (MILC), and sequential lateral
solidification (SLS). The active layer A1 may be patterned by
a photolithography process.

[0106] Also, a gate insulating layer 120 having a contact
hole CNH formed therein may be formed on the active layer
Al.The gate insulating layer 120 insulates the active layer Al
and a gate electrode G1 to be formed thereon. The gate insu-
lating layer 120 is formed on an entire surface of the substrate
110 to cover the active layer Al.

[0107] The gate insulating layer 120 may be formed of an
organic or inorganic insulator. In some exemplary embodi-
ments, the gate insulating layer 120 may be formed of silicon
nitride (SiN, ), silicon oxide (Si0,), hafnium oxide, or alumi-
num oxide. For exaniple, the gate insulating layer 120 may be
formed by various deposition processes, such as sputtering,
chemical vapor deposition (CVD), and plasma enhanced
chemical vapor deposition (PECVD).

[0108] A gate electrode G1 insulated by the gate insulating
layer 120 may be formed on the gate insulating layer 120. The
gate electrode G1 may be formed to overlap with the active
layer Al at least partially.

[0109] Thegateelectrode G1 may include at least one metal
selected from molybdenum (Mo), aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chrome
(Cr), lithium (Li), calcium (Ca), titanium (Ti), tungsten (W),
and copper (Cu).

[0110] Thereafter, using the gate electrode G1 as a mask, a
dopant may be implanted into both ends of the active layer Al
to form a source electrode S1 and a drain electrode D1. When
a trivalent dopant such as boron (B) is implanted in to a
portion, the portion has p-type conductivity, and when a pen-
tavalent dopant such as phosphorus (P), arsenic (As), or anti-
mony (Sb)is implanted in to a portion, the portion has n-type
conductivity.

[0111] Thereafter, aninterlayer insulating layer 130 having
a contact hole CNH formed therein may be formed to cover
the gate electrode G 1.

[0112] The interlayer insulating layer 130 may include a
single layer of an organic material and an inorganic material
or a stack structure thereof. In some exemplary embodiments,
the interlayer insulating layer 130 may be formed of silicon
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nitride (SiN), silicon oxide (SiQ,), hafnium oxide, or alumi-
num oxide. In some exemplary embodiments, the interlayer
insulating layer 130 may include a dual structure of SiN,/
Si0, or SiO/SiN,. For example, the interlayer insulating
layer 130 may be formed by various deposition processes,
such as sputtering, chemical vapor deposition (CVD), and
plasma enhanced chemical vapor deposition (PECVD).
[0113] Thereafter, a connector 140 may be formed on the
interlayer insulating layer 130. The connector 140 may con-
nect the first electrode C1 of the storage capacitor Cst and the
drain electrode D1 of the driving TFT T1 through the contact
hole CNH.

[0114] A method of manufacturing the TFT array substrate
according to the exemplary embodiment illustrated in FIG. 6
is different from the above manufacturing method.

[0115] Referring to FIG. 6, a substrate 110 is first patterned,
a second electrode C1 and a second electrode C2 are depos-
ited in the patterns, and a buffer layer 111 is formed on the
substrate 110.

[0116] A first patternand a second pattern may be formed in
the substrate 110 in a direction substantially perpendicular to
the substrate 110, and may be formed by mask-based pattern-
ing and etching processes. The etching process may be pet-
formed by wet etching, dry etching, or a combination thereof.
Of course, a method of forming the first pattern and the
second pattern is not limited thereto.

[0117] Since the processes after the formation of the buffer
layer 111 are the same as those of the above manufacturing
method, redundant descriptions thereof will be omitted for
convenience of description.

[0118] FIG. 8 is a schematic cross-sectional view of an
OLED display according to an exemplary embodiment.
[0119] Referring to FIG. 8, the OLED display includes a
TFT array substrate according to an exemplary embodiment.
In FIG. 9, like reference numerals as in FIGS. 1 to 8 denote
like elements. Thus, redundant descriptions thereof will be
omitted herein for simplicity of description.

[0120] A planarization layer PL may be formed on an entire
surface of a substrate 110 to cover a connector 140. A pixel
electrode 151 may be formed on the planarization layer PL.
[0121] The planarization layer PL. may be formed of an
insulating material. For example, the planarization layer PL
may be formed to have a single layer structure or amultilayer
structure of an inorganic material, an organic material, or an
organic/inorganic compound and may be formed by various
deposition methods. In some exemplary embodiments, the
planarization layer PL. may be formed of at least one selected
from polyacrylates resin, epoxy resin, phenolic resin, polya-
mides resin, polyimides rein, unsaturated polyesters resin,
poly phenylenethers resin, poly phenylenesulfides resin, and
benzocyclobutene (BCB).

[0122] In adisplay region of the OLED display, an OLED
may be formed on the TFT array substrate. The OLED may
include a pixel electrode 151, an intermediate layer 153
including an organic emission layer, and an opposite elec-
trode 155. Also, the organic light-emitting display apparatus
may further include a pixel definition layer 160 and a spacer
170.

[0123] The pixel electrode 151 and/or the opposite elec-
trode 155 may be a transparent electrode or a reflective elec-
trode. The transparent electrode may include indium tin oxide
(ITO), indium zine oxide (1Z0), zinc oxide (Zn0), or indium
oxide (In,0;), and the reflective electrode may include a
reflective layer formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
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Cr, or any combination thereof, or a transparent layer foamed
of 1TO, IZ0, Zn0O, or In,0;. In some exemplary embodi-
ments, the pixel electrode 151 or the opposite electrode 155
may have an ITO/Ag/ITO structure.
[0124] The pixel definition layer 160 may define a pixel
region and a non-pixel region. The pixel definition layer 160
may include an opening that exposes the pixel electrode 151,
and may be formed to cover an entire surface of the TFT array
substrate.
[0125] The pixel electrode 151, the intermediate layer 153,
and the opposite electrode 155 may constitute the organic
light-emitting device OLED. Holes and electrons injected
from the pixel electrode 151 and the opposite electrode 155 of
the organic light-emitting device OLED may be combined in
the organic emission layer of the intermediate layer 153 to
generate light.
[0126] The intermediate layer 153 may include the organic
emission layer. As another example, the intermediate layer
153 may include an organic emission layer and may further
include at least one of a hole injection layer (HIL), a hole
transport layer (HTL), an electron transport layer (ETL), and
an electron injection layer (EIL). However, the present exem-
plary embodiment is not limited thereto, and the intermediate
layer 153 may include an organic emission layer and may
further include other various functional layers.
[0127] The opposite electrode 155 may be formed on the
intermediate layer 153. The opposite electrode 155 may gen-
erate an electric field with the pixel electrode 151 to enable
the intermediate layer 153 to emit light. The pixel electrode
151 may be patterned in each pixel, and the opposite electrode
155 may be formed to apply a common voltage to all pixels.
[0128] Although only one OLED is illustrated in the draw-
ings, a display panel may include a plurality of OLEDs. A
single pixel may be formed in each OLED, and a red color, a
green color, a blue color, or a white color may be imple-
mented at each pixel.
[0129] As described above, according to the one or more of
the above exemplary embodiments, in the OLED display,
since the first electrode C1 and the second electrode C2 of the
storage capacitor Cst are formed around the edges of the
substrate 110 in the direction substantially perpendicular to
the substrate 110, the storage capacity ofthe storage capacitor
Cst may be increased and the aperture ratio of the display
apparatus may be improved.
[0130] Itshould be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.
[0131] While the inventive technology has been described
with reference to the figures, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the spirit
and scope of the described technology as defined by the
following claims.

What is claimed is:

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

a buffer layer formed over a substrate;

astorage capacitor formed in the buffer layer and including

a first electrode and a second electrode surrounding and
insulated from the first electrode; and

adriving TFT formed over the buffer layer.

2. The TFT array substrate of claim 1, further comprising a
connector connecting the first electrode and a drain electrode
of the driving TFT.
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3. The TFT array substrate of claim 1, wherein the storage
capacitor is formed on edges of the substrate.

4. The TFT array substrate of claim 3, wherein the first
electrode is formed along four side edges of the substrate.

5. The TFT array substrate of claim 4, wherein the second
electrode is formed at a predetermined distance from the first
electrode and on a more outer side of the substrate than the
first electrode, and wherein the second electrode is formed
along four side edges of the substrate.

6. The TFT array substrate of claim 1, further comprising a
storage insulating layer formed between and in substantially
parallel to the first and second electrodes.

7. The TFT array substrate of claim 1, wherein the first and
second electrodes are formed on the same plane.

8. The TFT array substrate of claim 1, wherein each of the
first and second electrodes has a closed loop shape.

9. A thin film transistor (TFT) array substrate comprising:

adriving TFT formed over a substrate; and

a storage capacitor formed in the substrate and including a

first electrode and a second electrode surrounding and
insulated from the first electrode.

10. The TFT array substrate of claim 9, further comprising
a buffer layer formed over a substrate, wherein an electrode
hole is formed in the buffer layer.

11. The TFT array substrate of claim 10, further compris-
ing:

a gate insulating layer and an interlayer insulating layer

formed over the buffer layer; and

a connector formed on the interlayer insulating layer to

connect the first electrode and a drain electrode of the
driving TFT,

wherein the connector connects the first electrode and the

drain electrode through the electrode hole.

12. The TFT array substrate of claim 9, wherein the first
and second electrodes are formed on edges of the substrate
and are formed along four side edges of the substrate, and
wherein the second electrode is formed on a more outer side
of the substrate than the first electrode.

13. The TFT array substrate of claim 9, wherein the first
and second electrodes are formed on the same plane.

14. The TFT array substrate of claim 9, wherein each of the
first and second electrodes has a closed loop shape.

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

forming a buffer layer over a substrate;

forming a first pattern and a second pattern in the buffer

layer such that the second pattern surrounds and is insu-
lated from the first pattern;
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respectively depositing first and second electrodes in the

first and second patterns so as to form a storage capaci-

tor;

forming an active layer, a source electrode, and a drain

electrode of a driving TFT over the buffer layer;

forming a gate insulating layer insulating a gate electrode
and having a contact hole passing therethrough; and

forming a connector connecting the first electrode and the
source electrode or the drain electrode through the con-
tact hole.

16. The method of claim 15, wherein the first and second
patterns are formed on edges of the substrate and are formed
along four side edges of the substrate, and wherein the second
pattern is formed on a more outer side of the substrate than the
first pattern.

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

forming a first pattern and a second pattern in a substrate

such that the second pattern surrounds and is insulated

from the first pattern;

respectively depositing first and second electrodes in the

first and second patterns so as to form a storage capaci-

tor;

forming a buffer layer having an electrode hole passing

therethrough;

forming an active layer, a source electrode, and a drain

electrode of a driving TFT over the buffer layer;

forming a gate insulating layer insulating a gate electrode
and having a contact hole passing therethrough; and

forming a connector connecting the first electrode and the
source electrode or the drain electrode through the con-
tact hole and the electrode hole.

18. An organic light-emitting diode (OLED) display, com-
prising:

a display region including a plurality of pixels; and

anon-display region surrounding the display region,

wherein each of the pixels comprises:

a buffer layer formed over a substrate;

a storage capacitor foamed in the buffer layer and
including a first electrode and a second electrode sur-
rounding and insulated from the first electrode; and

a driving TFT formed on the buffer layer.

19. The display of claim 18, wherein the first and second
electrodes are formed on the same plane.

20. The display of claim 18, wherein each of the first and
second electrodes has a closed loop shape.

* ok % % ¥



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

H AT SR
S\EREERE

BEX)

US20160111483A1 NI (»&E)B
US14/709340 RiEHR
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

PARK SANGJIN
KIM MYUNGHO
PARK SANGHUI
LEE KEUNCHANG
CHA JAESUNG
CHOI TAEHYEOK

PARK, SANGJIN
KIM, MYUNGHO
PARK, SANGHUI
LEE, KEUNCHANG
CHA, JAESUNG
CHOI, TAEHYEOK

HO1L27/32 HO1L27/12

2016-04-21

2015-05-11

HO1L27/3265 HO1L27/1259 HO1L27/1255 HO1L27/1218 HO1L2227/323

1020140140175 2014-10-16 KR

US9761649

Espacenet USPTO

[FT-MEEREEE (TFT ) FIIER, E—IAE , ERIELK

EEREFNERE  EREEFETNFRERR  FABERRSE
—SBiAEE - BIRBENE —BRANE _BIRARTERE

HIKATFT,

ZnELER

AR

'
/7, 7,
A Y
i ,/;/J.r/

—

patsnap

SRR AERIER , HEES EUARSEZERNENLLZRE (OLED ) ERaF

e

\\\\\\\\

AN



https://share-analytics.zhihuiya.com/view/59baea9c-332d-4bec-8baf-2fcca3edf872
https://worldwide.espacenet.com/patent/search/family/055749688/publication/US2016111483A1?q=US2016111483A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160111483%22.PGNR.&OS=DN/20160111483&RS=DN/20160111483

