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7) ABSTRACT

A thin film transistor substrate and an organic light-emitting
diode display including the same are disclosed. In one
aspect, the TFT substrate includes substrate and a TFT
located on the substrate. The TFT includes a lower gate
electrode, a first insulating layer covering the lower gate
electrode, an oxide semiconductor layer located on the first
insulating layer, a first electrode located on the oxide semi-
conductor layer and having an island shape, a second
electrode located on the oxide semiconductor layer and
surrounding the first electrode, a second insulating layer at
least partially covering the oxide semiconductor layer; and
an upper gate electrode located on the second insulating
layer. The oxide semiconductor layer includes a first region,
a second region surrounding the first region, and a third
region interposed between the first and second regions.

TFT
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THIN FILM TRANSISTOR SUBSTRATE AND
ORGANIC LIGHT-EMITTING DIODE
DISPLAY INCLUDING THE SAME

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0082567, filed on Jun. 11,
2013, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] Field

[0003] The described technology generally relates to a thin
film transistor substrate and an organic light-emitting diode
display including the same.

[0004] Description of the Related Technology

[0005] There is a demand for display devices to be thin
and lightweight. As the demand for display devices having
high resolution and a wide display area has increased, there
is also a need for high-quality thin film transistors that are
small and not influenced by unintended voltage drops.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0006] One inventive aspect relates to a thin film transistor
substrate and an organic light-emitting diode (OLED) dis-
play including the same.

[0007] Another aspect is a thin film transistor substrate
that includes a substrate; and a thin film transistor located on
the substrate, wherein the thin film transistor includes: a
lower gate electrode; a first insulating layer covering the
lower gate electrode; an oxide semiconductor layer located
on the first insulating layer; an inner electrode located on the
oxide semiconductor layer and in an island shape; an outer
electrode located on the oxide semiconductor layer and
surrounding the inner electrode; a second insulating layer
covering the oxide semiconductor layer; and an upper gate
electrode located on the second insulating layer, wherein the
oxide semiconductor layer includes a center region and an
outer region surrounding the center region and an interme-
diate region between the center region and the outer region,
wherein the inner electrode is located on the center region of
the oxide semiconductor layer, wherein the outer electrode
is located on the outer region of the oxide semiconductor
layer, and wherein the lower gate electrode and the upper
gate electrode are disposed to face each other with the
intermediate region of the oxide semiconductor layer dis-
posed between the lower gate electrode and the upper gate
electrode.

[0008] The inner electrode may include a source electrode,
and the outer electrode may include a drain electrode.
[0009] The lower gate electrode may include a first open-
ing corresponding to the inner electrode, and the upper gate
electrode may include a second opening corresponding to
the first opening.

[0010] A size of the inner electrode may be greater than a
size of the first opening and smaller than a size of the second
opening.

[0011] The lower gate electrode may have a first width
from an inner end portion adjacent to the first opening to an
outer end portion of the lower gate electrode, and the upper
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gate electrode may have a second width from an inner end
portion adjacent to the second opening to an outer end
portion of the upper gate electrode.

[0012] The first width may be greater than the second
width.
[0013] The first width may be greater than a width of an

intermediate region of the oxide semiconductor layer, and at
least one of the inner end portion and the outer end portion
of the lower gate electrode may partially overlap the inner
electrode or the outer electrode.

[0014] The second width may be less than a width of the
intermediate region of the oxide semiconductor layer,
wherein the inner end portion of the upper gate electrode is
spaced apart from the outer end portion of the inner elec-
trode in a direction toward the outer electrode from the irner
electrode, and wherein the outer end portion of the upper
gate electrode is spaced apart from the inner end portion of
the outer electrode in a direction toward the inner electrode
from the outer electrode.

[0015] The inner electrode and the outer electrode may be
located on the same layer.

[0016] The lower gate electrode and the upper gate elec-
trode may have the same voltage level.

[0017] The thin film transistor substrate may further
include: a connection wiring located on the second insulat-
ing layer and electrically connected to the inner electrode.

[0018] Another aspect is an OLED display that includes a
plurality of pixels arranged on a substrate, wherein each of
the plurality of pixels includes: a switching thin film tran-
sistor located on the substrate; a driving thin film transistor
located on the substrate and electrically connected to the
switching thin film transistor; a pixel electrode connected to
the driving thin film transistor; an emissive layer located on
the pixel electrode; and a counter electrode facing the pixel
electrode with the emissive layer disposed between the
counter electrode and the pixel electrode, wherein the driv-
ing thin film transistor includes: an oxide semiconductor
layer; an inner electrode located on a center region of the
oxide semiconductor layer in an island shape; an outer
electrode located on an outer region of the oxide semicon-
ductor layer, wherein the outer region is spaced apart from
the center region and surrounds the center region; and lower
and upper gate electrodes disposed to face each other with
the oxide semiconductor layer disposed between the lower
and upper gate electrodes.

[0019] The inner electrode may include a source electrode,
and the outer electrode may include a drain electrode.
[0020] The lower gate electrode may include a first open-
ing corresponding to the inner electrode, and the upper gate
electrode may include a second opening corresponding to
the first opening.

[0021] The first opening, the second opening, and the
inner electrode may be disposed on the same axial line.
[0022] An inner end portion of the lower gate electrode
adjacent to the first opening may partially overlap the inner
electrode.

[0023] A size of the second opening of the upper gate
electrode may be greater than a size of the inner electrode.
[0024] The inner electrode and the outer electrode may be
located on the same layer.

[0025] The lower gate electrode and the upper gate elec-
trode may have the same voltage level.
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[0026] The upper and lower gate electrodes of the driving
thin film transistor may control a grayscale of each of the
plurality of pixels including the driving thin film transistor.

[0027] Another aspect is a thin film transistor (TFT)
substrate, comprising: a substrate and a TFT located on the
substrate. The TFT comprising: a lower gate electrode; a first
insulating layer covering the lower gate electrode; an oxide
semiconductor layer located on the first insulating layer; a
first electrode located on the oxide semiconductor layer and
having an island shape; a second electrode located on the
oxide semiconductor layer and surrounding the first elec-
trode; a second insulating layer at least partially covering the
oxide semiconductor layer; and an upper gate electrode
located on the second insulating layer. The oxide semicon-
ductor layer includes a first region, a second region sur-
rounding the first region, and a third region interposed
between the first and second regions, wherein the first
electrode is located in the first region of the oxide semicon-
ductor layer, wherein the second electrode is located in the
second region of the oxide semiconductor layer, wherein the
lower and upper gate electrodes face each other, and wherein
the third region of the oxide semiconductor layer is inter-
posed between the lower and upper gate electrodes.

[0028] In the above TFT substrate, the first electrode
includes a source electrode, wherein the second electrode
includes a drain electrode.

[0029] In the above TFT substrate, the lower gate elec-
trode has a first opening corresponding to the first electrode,
wherein the upper gate electrode has a second opening
corresponding to the first opening.

[0030] In the above TFT substrate, the first electrode is
larger than the first opening and smaller than the second
opening.

[0031] In the above TFT substrate, the lower gate elec-
trode has a first width defined from an inner end portion,
adjacent to the first opening, to an outer end portion of the
lower gate electrode, wherein the upper gate electrode has a
second width defined from an inner end portion, adjacent to
the second opening, to an outer end portion of the upper gate
electrode.

[0032] Inthe above TFT substrate, the first width is greater
than the second width.

[0033] Inthe above TFT substrate, the first width is greater
than a width of the third region of the oxide semiconductor
layer, wherein at least one of the inner and outer end portions
of the lower gate electrode partially overlaps the first elec-
trode or the second electrode.

[0034] Inthe above TFT substrate, the second width is less
than a width of the third region of the oxide semiconductor
layer, wherein the inner end portion of the upper gate
electrode is spaced apart from the outer end portion of the
first electrode in a direction extending from the first elec-
trode toward the second electrode, and wherein the outer end
portion of the upper gate electrode is spaced apart from the
inner end portion of the second electrode in a direction
extending from the second electrode toward the first elec-
trode.

[0035] In the above TFT substrate, the first and second
electrodes are located on the same layer.

[0036] In the above TFT substrate, the lower and upper
gate electrodes are configured to have the same voltage
level.
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[0037] The above TFT substrate further comprises a con-
nection wiring located on the second insulating layer and
electrically connected to the first electrode.

[0038] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a plurality of pixels disposed
on a substrate. Each of the pixels comprises: a switching thin
film transistor (TFT) located on the substrate; a driving TFT
located on the substrate and electrically connected to the
switching TFT; a pixel electrode electrically connected to
the driving TFT; an emissive layer located on the pixel
electrode; and a counter electrode facing the pixel electrode
with the emissive layer interposed between the counter
electrode and the pixel electrode. The driving TFT com-
prises: an oxide semiconductor layer; a first electrode
located on a first region of the oxide semiconductor layer
and having an island shape; a second electrode located on an
second region of the oxide semiconductor layer, wherein the
second region is spaced apart from the first region and
surrounds the first region; and lower and upper gate elec-
trodes facing each other with the oxide semiconductor layer
disposed between the lower and upper gate electrodes.
[0039] In the above OLED display. the first electrode
includes a source electrode, wherein the second electrode
includes a drain electrode.

[0040] In the above OLED display, the lower gate elec-
trode has a first opening corresponding to the first electrode,
wherein the upper gate electrode has a second operning
corresponding to the first opening,

[0041] In the above OLED display, the first opening, the
second opening, and the first electrode are disposed on the
same axial line.

[0042] In the above OLED display, an inner end portion of
the lower gate electrode adjacent to the first opening par-
tially overlaps the first electrode.

[0043] In the above OLED display, the second opening of
the upper gate electrode is larger than the first electrode.
[0044] In the above OLED display, the first and second
electrodes are located on the same layer.

[0045] In the above OLED display, the lower and upper
gate electrodes are configured to have the same voltage
level.

[0046] In the above OLED display, the upper and lower
gate electrodes of the driving TFT are configured to control
a grayscale of a selected pixel including the driving TFT.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIGS. 1, 3, 5, and 7 are cross-sectional views
illustrating stages in an embodiment of a manufacturing
method of a thin film transistor substrate.

[0048] FIGS. 2, 4, 6, and 8 are plan views illustrating
stages in an embodiment of a manufacturing method of a
thin film transistor substrate.

[0049] FIG. 9 is a graph showing characteristics of thin
film transistors according to an exemplary embodiment and
a comparative example 1.

[0050] FIG. 10 is a graph showing characteristics of thin
film transistors according to comparative examples 2 and 3.
[0051] FIG. 11 is a graph showing a characteristic of a thin
film transistor according to a comparative example 4.
[0052] FIG. 12 is a graph showing a characteristic of a thin
film transistor according to a comparative example 5.
[0053] FIG. 13 is a block diagram schematically showing
an OLED display according to an exemplary embodiment.
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[0054] FIG. 14 is an equivalent circuit diagram of one
pixel of the OLED display of FIG. 13.

[0055] FIG. 15 is a cross-sectional view of a driving thin
film transistor and an OLED of the OLED display of FIG.
14.

[0056] FIG. 16 is a diagram of a plurality of pixels that are
included in one column of FIG. 13.

DETAILED DESCRIPTION OF CERTAIN
ILLUSTRATIVE EMBODIMENTS

[0057] Since the described technology may have various
modifications and several embodiments, exemplary embodi-
ments are shown in the drawings and will be described in
detail. Advantages, features, and a method of achieving the
same will be specified with reference to the exemplary
embodiments described below in detail together with the
attached drawings. However, the exemplary embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein.

[0058] Exemplary embodiments of the described technol-
ogy will be described below in more detail with reference to
the accompanying drawings. Those components that are the
same or are in correspondence are rendered the same refer-
ence numeral in the drawings, and redundant explanations
are ornitted.

[0059] Itwill be understood that although the terms “first,”
“second,” etc. may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another.

[0060] 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.

[0061] In the exemplary embodiments below, it will be
further understood that the terms “comprise” and/or “have”
used herein specify the presence of stated features or com-
ponents, but do not preclude the presence or addition of one
or more other features or components.

[0062] In the exemplary embodiments below, it will be
understood when a portion such as a layer, an area, or an
element is referred to as being “on” or “above” another
portion, it can be directly on or above the other portion, or
intervening portion may also be present.

[0063] Also, in the drawings, for convenience of descrip-
tion, sizes of elements may be exaggerated or contracted. In
other words, since sizes and thicknesses of components in
the drawings are arbitrarily illustrated for convenience of
explanation, the following embodiments are not limited
thereto.

[0064] When an exemplary embodiment is implementable
in another manner, a predetermined process order may be
different from a described one. For example, two processes
that are consecutively described may be substantially simul-
taneously performed or may be performed in an opposite
order to the described order.

[0065] It will be understood when a portion such as a
layer, an area, or an element is referred to as being con-
nected, it can be connected directly, or intervening portion
may also be present. For example, it will be understood that
when a portion such as a layer, an area, or an element is
referred to as being electrically connected, it can be elec-
trically connected directly, or intervening portion may also
be present. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
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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. In this
disclosure, the term “substantially” includes the meanings of
completely, almost completely or to any significant degree
under some applications and in accordance with those
skilled in the art. The term “connected” can include an
electrical connection.

[0066] FIGS. 1, 3, 5, and 7 are cross-sectional views
illustrating stages in an embodiment of a manufacturing
method of a thin film transistor substrate. FIGS. 2, 4, 6, and
8 are plan views illustrating each stages in an embodiment
of a manufacturing method of a thin film transistor substrate.
FIGS. 1, 3, 5, and 7 respectively correspond to cross-
sectional views taken along lines A-A' of FIGS. 2, 4, 6, and
8.

[0067] Referring to FIGS. 1 and 2, a lower gate electrode
110 formed on a substrate 100.

[0068] The substrate 100 may be formed of a glass mate-
rial, a metal material, or a plastic material such as polyeth-
ylene terephthalate (PET), polyethylene naphthalate (PEN),
polyimide, etc. A buffer layer (not shown) having an insu-
lating property such as silicon oxide and a silicon nitride
may be formed on the substrate 100 before forming the
lower gate electrode 110 on the substrate 100.

[0069] Thelower gate electrode 110 may be formed on the
substrate 100 by forming a metal layer (not shown) and
patterning the metal layer. The lower gate electrode 110 may
include a first opening OP1 in a center region thereof and
may have a first width W1 from an inner end portion
adjacent to the first opening OP1 to an outer end portion. At
least a part of the lower gate electrode 110 may approxi-
mately have a ring shape. The first opening OP1 of the lower
gate electrode 110 may overlap an inner electrode 130
formed during a process that will be described later, thereby
preventing generation of parasitic capacitance between the
inner electrode 130 and the lower gate electrode 110.
[0070] The lower gate electrode 110 may be formed to
have a single or multi-layer structure by using one or more
materials among, for example, aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (Li), calcium (Ca), molybdenum (Mo), tita-
nium (T1), tungsten (W), copper (Cu), or an alloy thereof, by
taking into account an adhesive force with respect to an
adjacent layer, a degree of surface planarization of a layer to
be stacked, and process ability.

[0071] Referring to FIGS. 3 and 4, an oxide semiconduc-
tor layer 120 is formed after forming a first insulating layer
103 on the lower gate electrode 110.

[0072] The first insulating layer 103 may be formed to
completely cover the substrate 100 and may include an
insulating inorganic material such as silicon oxide and
silicon nitride or an insulating organic material.

[0073] The oxide semiconductor layer 120 may be located
on the first insulating layer 103 and may be patterned such
that a part of the oxide semiconductor layer has an island
shape and overlaps the lower gate electrode 110. The size of
the oxide semiconductor layer 120 may be greater than that
of the lower gate electrode 110 so that the oxide semicon-
ductor layer 120 may completely cover the lower gate
electrode 110. For example, a diameter of the oxide semi-
conductor layer 120 is greater than the diameter of the lower
gate electrode 110, i.e. the diameter of an outer end portion
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of the lower gate electrode 110, so that the oxide semicon-
ductor layer 120 may completely cover the lower gate
electrode 110.

[0074] The oxide semiconductor layer 120 may be formed
of one or more elements of indium (In), gallium (Ga),
stannum (Sn), zirconium (Zr), vanadium (V), hafnium (Hf),
cadmium (Cd), germanium (Ge), and zinc (Zn). For
example, the oxide semiconductor layer 120 includes
indium gallium zinc oxide (IGZO) or/and indium tin zinc
oxide (ITZ0). As another example, the oxide semiconductor
layer 120 includes at least one of SnO,, In,0,, ZnO, CdO,
Cd,SnO,, TiO,, etc.

[0075] Referring to FIGS. 5 and 6, the inner electrode 130
and an outer electrode 140 are formed on the oxide semi-
conductor layer 120. The inner electrode 130 may be located
on a center region of the oxide semiconductor layer 120. The
outer electrode 140 may be located on an outer region of the
oxide semiconductor layer 120.

[0076] The inner electrode 130 and the outer electrode 140
may be formed on the oxide semiconductor layer 120 and
may be electrically connected to the oxide semiconductor
layer 120. The inner electrode 130 may be in an island shape
and may be electrically connected to the center region of the
oxide semiconductor layer 120. The outer electrode 140 may
be electrically connected to the outer region of the oxide
semiconductor layer 120. The inner electrode 130 may be a
source electrode. The outer electrode 140 may be a drain
electrode. In this case, the center region of the oxide
semiconductor layer 120 may correspond to the source area,
and the outer region thereof may correspond to the drain
area.

[0077] Hereinafter, the center region of the oxide semi-
conductor layer 120, in which the inner electrode 130 is
formed, is referred to as a first area 120q, the outer region of
the oxide semiconductor layer 120, in which the outer
electrode 140 is formed, is referred to as a second area 12056,
and an area of the oxide semiconductor layer 120 exposed
between the inner electrode 130 and the outer electrode 140,
1.e. an intermediate region between the first area 10e and the
second area 1205 is referred to as a third area 120c.
[0078] The outer electrode 140 may include a third open-
ing OP3 therein. The inner electrode 130 may be disposed in
the third opening OP3. The size of the inner electrode 130
may be less than that of the third opening OP3. For example,
the diameter of the inner electrode 130 is less than that of the
third opening OP3 so that the inner electrode 130 may be
surrounded by the outer electrode 140 while being spaced
apart from the outer electrode 140 by a predetermined
distance W0. The spaced distance W0 between the outer
electrode 140 and the inner electrode 130, i.e. a distance
between an inner end portion of the outer electrode 140 and
an outer end portion of the inner electrode 130, may corre-
spond to a width of the third area 120c of the oxide
semiconductor layer 120.

[0079] The inner electrode 130 and the outer electrode 140
may include the same material on the same layer. For
example, the inner electrode 130 and the outer electrode 140
are formed by forming and patterning a metal layer (not
shown) on the oxide semiconductor layer 120. The inner
electrode 130 and the outer electrode 140 may be formed to
have a single or multi-layer structure by using one or more
materials among, for example, aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg). gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
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(Cr), lithium (Li), calcium (Ca), molybdenum (Mo), tita-
nium (T1), tungsten (W), copper (Cu). or an alloy thereof, by
taking into account conductivity, etc.

[0080] The size of the inner electrode 130 may be greater
than that of the first opening OP1 of the lower gate electrode
110. For example, a diameter of the inner electrode 130 is
greater than that of the first opening OP1 so that the inner
electrode 130 partially overlaps the lower gate electrode 110.
In some exemplary embodiments, an outer end portion of the
inner electrode 130 partially overlaps an inner end portion of
the lower gate electrode 110 adjacent to the first opening
OP1. OL1 of FIG. 5 denotes an area of the inner electrode
130 that partially overlaps the lower gate electrode 110.
[0081] The size of the third opening OP3 formed in the
outer electrode 140 may be smaller than that of the lower
gate electrode 110. For example, the diameter of the third
opening OP3 is less than the diameter of the outer end
portion of the lower gate electrode 110 so that the outer
electrode 140 partially overlaps the lower gate electrode 110.
For example, an inner end portion of the outer electrode 140
partially overlaps the outer end portion of the lower gate
electrode 110. OL2 of FIG. 5§ denotes an area of the outer
electrode 140 that partially overlaps the lower gate electrode
110.

[0082] When the third area 120c¢ of the oxide semicon-
ductor layer 120 and the lower gate electrode 110 corre-
sponding to the spaced distance WO between the outer
electrode 140 and the inner electrode 130 have the same
shape and area, the electrodes 110, 130, and 140 may be
misaligned, and a channel characteristic formed in the third
area 120c¢ of the oxide semiconductor layer 120 may dete-
riorate. However, in the exemplary embodiments, since the
outer electrode 140 and the inner electrode 130 are formed
to partially overlap the lower gate electrode 110, such
problems may be prevented.

[0083] Referring to FIGS. 7 and 8, an upper gate electrode
150 and a connection wiring 160 are formed after forming
a second insulating layer 105.

[0084] The second insulating layer 105 may be formed to
completely cover the substrate 100 and may be formed of an
insulating inorganic material such as silicon oxide and
silicon nitride or an insulating organic material.

[0085] The upper gate electrode 150 and the connection
wiring 160 may be formed by forming a metal layer (not
shown) on the second insulating layer 105 and patterning the
metal layer. The upper gate electrode 150 may be formed to
have a single or multi-layer structure by using one or more
materials among, for example, aluminum (Al), platinum
(Pt), palladium (Pd), silver (Ag), magnesium (Mg), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (Li), calcium (Ca), molybdenum (Mo), tita-
nium (T1), tungsten (W), copper (Cu). or an alloy thereof, by
taking into account an adhesive force with respect to an
adjacent layer, a degree of surface planarization of a layer to
be stacked, and processability.

[0086] The upper gate electrode 150 may be disposed to
face the lower gate electrode 110 with the third area 120¢ of
the oxide semiconductor layer 120 disposed between the
upper gate electrode 150 and the lower gate electrode 110.
When light of a visible light band is received in the oxide
semiconductor layer 120, a threshold voltage of a thin film
transistor or a drain current may unexpectedly increase due
to electrons excited by photons. However, according to the
exemplary embodiments, the upper and lower gate elec-
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trodes 110 and 150 may be used to form a strong field and
respectively cover the oxide semiconductor layer 120 above
and below, and thus light may be blocked from being
received in the oxide semiconductor layer 120, thereby
preventing the threshold voltage or/and the drain current
from increasing due to the light.

[0087] The upper gate electrode 150 may include a second
opening OP2 in a center region thereof. The inner electrode
130 and the second opening OP2 of the upper gate electrode
150 may be formed to partially overlap each other on the
same axial line, thereby preventing generation of parasitic
capacitance between the inner electrode 130 and the upper
gate electrode 150.

[0088] The upper gate electrode 150 may have a second
width W2 from an inner end portion adjacent to the second
opening OP2 to an outer end portion thereof. The second
width W2 of the upper gate electrode 150 may be less than
a width of the third area 120c¢ of the oxide semiconductor
layer 120, i.e. the spaced distance W0 between the outer
electrode 140 and the inner electrode 130. Thus, in the plan
view of the thin film transistor shown in FIG. 8, the upper
gate electrode 150 may be spaced apart from the outer
electrode 140 and the inner electrode 130 by a predeter-
mined distance between the outer electrode 140 and the
inner electrode 130. For example, an inner end portion of the
upper gate electrode 150 is spaced apart from an outer end
portion of the inner electrode 130 in a direction toward the
outer electrode 140 from the inner electrode 130, and an
outer end portion of the upper gate electrode 150 is spaced
apart from an inner end portion of the outer electrode 140 in
a direction toward the inner electrode 130 from the outer
electrode 140.

[0089] If the second width W2 of the upper gate electrode
150 is the same as the first width W1 of the lower gate
electrode 110, the upper gate electrode 150 and the inner
electrode 130 may partially overlap each other, and thus
parasitic capacitance may be generated therebetween, Also,
the upper gate electrode 150 and the outer electrode 140 may
partially overlap each other, and thus parasitic capacitance
may be generated therebetween. However, according to
some exemplary embodiments, as described above, the first
width W1 of the lower gate electrode 110 is greater than the
spaced distance W0 between the outer electrode 140 and the
inner electrode 130, and the second width W2 of the upper
gate electrode 150 is less than the spaced distance WO
between the outer electrode 140 and the inner electrode 130,
thereby preventing deterioration of a channel characteristic
due to misalignment and simultaneously minimizing an
influence caused by parasitic capacitance. Thus, a kickback
voltage and a leakage current may be reduced.

[0090] The upper gate electrode 150 and the lower gate
electrode 110 may receive the same signal and may have the
same voltage level. Since the same signal is applied to the
lower gate electrode 110 and the upper gate electrode 150,
a channel may be formed in the third area 120¢ of the oxide
semiconductor layer 120.

[0091] The connection wiring 160 may be electrically
connected to the inner electrode 130 through a contact hole
formed in the second insulating layer 105. A signal may be
applied to the inner electrode 130 patterned in an island
shape through the connection wiring 160. The connection
wiring 160 may be formed of the same material as the upper
gate electrode 150 on the same layer as the upper gate
electrode 150. In this case, the upper gate electrode 150 may
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have a partially open C shape, as shown in FIG. 8, such that
the connection wiring 160 may extend in one direction and
may be connected to another device or wiring.

[0092] The connection wiring 160 may include the same
material as the upper gate electrode 150 on the same layer
as the upper gate electrode 150 in the present exemplary
embodiment but is not limited thereto. As another exemplary
embodiment, the connection wiring 160 may be formed on
the upper gate electrode 150 with an insulating layer dis-
posed between the connection wiring 160 and the upper gate
electrode 150. In this case, unlike FIG. 8, the upper gate
electrode 150 may have a ring shape.

[0093] A function of the thin film transistor according to
exemplary embodiments will now be described in more
detail with reference to FIG. 9 below.

[0094] FIG. 9 is a graph showing characteristics of thin
film transistors according to an exemplary embodiment and
a comparative example 1. FIG. 10 is a graph showing
characteristics of thin film transistors according to compara-
tive examples 2 and 3. FIG. 11 is a graph showing a
characteristic of a thin film transistor according to a com-
parative example 4.FIG. 12 is a graph showing a character-
istic of a thin film transistor according to a comparative
example 5.

[0095] InFIG. 9, a thin film transistor of the Embodiment
has a structure described with reference to FIGS. 1 through
8. A thin film transistor of the Comparative example 1
includes only the lower gate electrode 110 among the upper
and lower gate electrodes 110 and 150 included in the thin
film transistor of the exemplary embodiment. In the thin film
transistors of the Embodiment and the Comparative example
1, the inner electrode 130 is a source electrode, and the outer
electrode 140 is a drain electrode.

[0096] InFIG.10,a thin film transistor of the Comparative
example 2 has the same structure as described in the
exemplary embodiment, however, the inner electrode 130 of
the Comparative example 2 is a drain electrode, and the
outer electrode 140 of the Comparative example 2 is a
source electrode. A thin film transistor of the Comparative
example 3 includes only the lower gate electrode 110 among
the upper and lower gate electrodes 110 and 150 included in
the thin film transistor of the Comparative example 2.

[0097] InFIG. 11, a thin film transistor of the Comparative
example 4 includes only the upper gate electrode 150 among
the upper and lower gate electrodes 110 and 150 included in
the thin film transistor of the exemplary embodiment. A thin
film transistor includes of the Comparative example 5
includes a bar type oxide semiconductor layer and a source
electrode and a drain electrode at both end portions of the
bar type oxide semiconductor layer, and includes upper and
lower gate electrodes disposed to face each other with the
oxide semiconductor layer disposed between the upper and
lower gate electrodes.

[0098] In FIGS. 9 through 12, Vg denotes upper and
lower gate electrodes (Embodiment, and Comparative
examples 2 and 5), the lower gate electrode (Comparative
examples 1 and 3), or the upper gate electrode (Comparative
example 4).

[0099] Referring to FIG. 9, with regard to the thin film
transistor of the Embodiment, a drain current has a substan-
tially uniform value in an area when at least the threshold
voltage is applied. Such a characteristic may be used to
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inhibit a brightness difference for each pixel due to a voltage
drop in a large size OLED display as will be described later
with reference to FIG. 16.

[0100] With regard to the thin film transistor of the Com-
parative example 1, a drain current is maintained to be
substantially uniform in an area when at least the threshold
voltage is applied, similar to the thin film transistor of the
exemplary embodiment. However, an increase rate of the
drain current with respect to an increase in a gate voltage is
reduced more than about 2 times by the thin film transistor
of the exemplary embodiment. For example, in the thin film
transistor of the Embodiment, unlike the Comparative
example 1, the increase rate of the drain current with respect
to the increase of the gate voltage is relatively greater than
that of the Comparative example 1, which shows that the
drain current is slightly adjusted by the gate voltage and/or
an operation characteristic is excellent even though the thin
film transistor is small. Such characteristics may be used to
represent abundant and diverse grayscales in the OLED
display as will be described later with reference to FIG. 16
and implement high resolution.

[0101] Referring to FIGS. 10 and 12, in the thin film
transistors of the Comparative examples 2, 3, and 5, a drain
current changes according to a change in a drain voltage in
an area after a threshold voltage, and thus it is difficult to
compensate for a voltage drop in a large display apparatus,
unlike the thin film transistor of the Embodiment.

[0102] Referring to FIG. 11, in the thin film transistor of
the Comparative example 4, since a drain current is very
small such as about several 107 A or so, it is impossible to
actually drive the thin film transistor.

[0103] An OLED display including a thin film transistor
according to an exemplary embodiment will now be
described below.

[0104] FIG. 13 is a block diagram schematically showing
an OLED display according to an exemplary embodiment.
[0105] Referring to FIG. 13, the OLED display includes a
display unit 10 including a plurality of pixels 1, a scanning
driver 20, a data driver 30, and a controller 40.

[0106] The display unit 10 may include the pixels 1
arranged at intersections of a plurality of scanning lines SL.1
through SLn and a plurality of data lines DL1 through DLm.
The scanning lines SL.1 through SLn may extend in a first
direction. The data lines DL1 through DLm may extend in
a second direction. Each of the pixels 1 is connected to one
of the scanning lines SL.1 through SLn in FIG. 12 but is not
limited thereto. In some exemplary embodiments, each of
the pixels 1 is connected to two or more of the scanning lines
SL.1 through SLn according to the number and functions of
transistors included in the pixels 1.

[0107] The scanning driver 20 may generate and transmit
a scanning signal to each pixel 1 through each of the
scanning lines SL1 through SLn. The data driver 30 may
transmit a data signal to each pixel 1 through the data lines
DL1 through DLm. The controller 40 may change a plurality
of image signals R, G, and B received from an external
source to a plurality of image data signals DR, DG, and DB,
and transmit the image data signals DR, DG, and DB to the
data driver 30. The controller 40 may generate control
signals for controlling driving of the scanning driver 20 and
the data driver 30 upon receiving a vertical synchronization
signal Vsync, a horizontal synchronization signal Hsync,
and a clock signal MCLK, and transmit the control signals
to each of the scanning driver 20 and the data driver 30. The
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controller 40 may generate and transmit a scanning driving
control signal SCS for controlling the scanning driver 20 and
a data driving control signal DCS for controlling the data
driver 30.

[0108] Each pixel 1 may receive a first power voltage
ELVDD and a second power voltage ELVSS (see FIG. 13)
from an external source. The first power voltage ELVDD
may be a predetermined high level voltage. The second
power voltage ELVSS may be a voltage lower than the first
power voltage ELVDD or a ground voltage.

[0109] FIG. 14 is an equivalent circuit diagram of one
pixel 1 of the OLED display of FIG. 13. FIG. 15 is a
cross-sectional view of a driving thin film transistor T2 and
an OLED of the OLED display of FIG. 14. FIG. 16 is a
diagram of a plurality of pixels that are included in one
column of FIG. 13. The equivalent circuit diagram of FIG.
14 is merely an example but the exemplary embodiments are
not limited thereto.

[0110] Referring to FIG. 14, each pixel 1 includes at least
one switching thin film transistor T1, the driving thin film
transistor T2, a storage capacitor Cst and the OLED that
emits light of a predetermined brightness by a driving
current bled.

[0111] A gate electrode of the switching thin film transistor
Ti may be connected to the scanning line SLn. One of a
source electrode and a drain electrode may be connected to
the data line DLm, and the other one may be connected to
one end of the storage capacitor Cst. The switching thin film
transistor T1 may be turned on when a scanning signal is
provided from the scanning line SLn and then provide the
storage capacitor Cst with a data signal provided from the
data line DLm. In this regard, the storage capacitor Cst may
be charged with a voltage corresponding to the data signal.
[0112] Referring to FIGS. 14 and 15, the driving thin film
transistor T2 has the same structure as that of the thin film
transistors TFT described with reference to FIGS. 1 through
8 above. The lower gate electrode 110 and the upper gate
electrode 150 of the driving thin film transistor T2 may be
electrically connected to the switching thin film transistor
T1. The outer electrode 140 that is a drain electrode may be
electrically connected to one end of the storage capacitor Cst
and a driving voltage line PL. The inner electrode 130 that
is a source electrode may be connected to a pixel electrode
210 of the OLED. The inner electrode 130 of the driving thin
film transistor T2 may be pixel electrode 210 of the OLED
with a third insulating layer 107 disposed between the inner
electrode 130 and the pixel electrode 210. An emissive layer
220 of the OLED may be disposed between the pixel
electrode 210 and a counter electrode 230 and formed on a
pixel defining layer 108 that exposes the pixel electrode 210.
[0113] The driving thin film transistor T2 may be turned
on by the switching thin film transistor T1 and may control
the driving current Ioled that flows from the driving voltage
line PL to the counter electrode 230 in correspondence with
a voltage value stored in the storage capacitor Cst. The
emissive layer 220 of the OLED may emit light having a
predetermined brightness by the driving current Toled.
[0114] The first power voltage ELVDD may be applied to
a plurality of pixels 1a, 15, . . ., 1n-1, and 1» through the
driving voltage line PL as shown in FIG. 16. Although the
first power voltage ELVDD applied to the pixels 1a, 15, . .
., 1n-1, and 17 needs to be the same ideally, since a voltage
drop occurs due to resistance by a length of the driving
voltage line PL and/or resistance of a circuit included in each
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of the pixels 1a, 15, . . ., 1n-1, and 1r actually, a voltage
applied to each of the pixels 1a, 15, . . ., 1r-1, and 1n
through the driving voltage line PL may be gradually
reduced. When such a voltage drop occurs, since the driving
current Ioled that flows in the OLED is changed for each of
the pixels 1a. 15, . . ., 1n-1, and 1», a brightness deviation
may occur for each of the pixels 1a, 15, . . ., 1r-1, and 1x.
For example, a voltage supplied to the driving thin film
transistor T2 of the nth pixel 1z through the driving voltage
line PL, i.e. a voltage in an N point, may be different from
a voltage supplied to the first pixel 1a by resistance of the
driving voltage line PL and a voltage drop caused by the first
pixel 1a through an n-1th pixel 1z-1.

[0115] However, according to the exemplary embodi-
ments, the driving thin film transistor T2 is a thin film
transistor described with reference to FIGS. 1 through 8, and
thus the driving current loled (see FIG. 13) that flows in the
OLED of each of the pixels 1a, 15, . . . , 1n-1, and 1nk may
have substantially the same value.

[0116] Forexample, referring to FIGS. 9, 14, and 15, when
the gate voltage V ;¢ of the driving thin film transistor T2 is
about 10V and a voltage (drain voltage) supplied to the first
pixel lais about 15V, a drain current Ids of the driving thin
film transistor T2 and the driving current Ioled of the OLED
are about 18 puA. Although a voltage (drain voltage) applied
to the driving thin film transistor T2 of the nth pixel In by
the voltage drop drops to about 10V, since the driving thin
film transistor T2 has the characteristic as shown in FIG. 9,
the drain current Ids of the driving thin film transistor T2 of
the nth pixel In and the driving current Ioled of the OLED
of the first pixel 1amay be the same such as about 18 pA.
Thus, although the voltage drop occurs in the OLED display,
an influence on each of the pixels 1a, 15, . . ., 1r-1 may be
minimized or removed.

[0117] In the driving thin film transistor T2 of each of the
pixels 1a, 15, . . ., 1n-1, as described with reference to FIG.
9 above, an increase rate of a drain current with respect to
an increase of a gate voltage is relatively great, thereby
representing abundant and diverse grayscales using the gate
voltage applied to the driving thin film transistor T2.

[0118] A case where the voltage drop occurs is described
with reference to FIG. 16 but the exemplary embodiments
are not limited thereto. For example, the thin film transistor
according to the exemplary embodiments maintains a sub-
stantially uniform current (drain current) not only when the
voltage drop occurs as shown in FIG. 9, but also when a
voltage rise occurs.

[0119] A thin film transistor substrate shown in FIGS. 1
through 8 means in the above-described exemplary embodi-
ments that the upper gate electrode 150 is formed but the
exemplary embodiments are not limited thereto. In the
present specification, the thin film transistor substrate means
a state where a thin film transistor is formed on the substrate
100. As shown in FIG. 7, the thin film transistor substrate
may mean a state where a thin film transistor TFT is formed
on the substrate 100. Alternatively, as shown in FIG. 15, the
thin film transistor substrate may mean a state where the
third insulating layer 107 is formed over the thin film
transistor (e.g. the driving thin film transistor T2). Alterna-
tively, as shown in FIG. 15, the thin film transistor substrate
may mean a state where the pixel electrode 210 is formed
over the thin film transistor (e.g. the driving thin film
transistor T2).
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[0120] According to the exemplary embodiments, a film
transistor may remove the influence due to a voltage drop or
a voltage increase, may be small in size, and may have
excellent electrical characteristics, and thus a display quality
of a high resolution and wide area display apparatus may be
enhanced.

[0121] It should be understood that 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.
[0122] 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 as defined by the following claims.

What is claimed is:

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

a substrate; and

a TFT located on the substrate and comprising:

a lower gate electrode;

a first insulating layer covering the lower gate elec-
trode;

an oxide semiconductor layer located on the first insu-
lating layer;

a first electrode located on the oxide semiconductor
layer and having an island shape;

a second electrode located on the oxide semiconductor
layer and surrounding the first electrode;

a second insulating layer at least partially covering the
oxide semiconductor layer; and

an upper gate electrode located on the second insulating
layer,

wherein the oxide semiconductor layer includes a first

region, a second region surrounding the first region,
and a third region interposed between the first and
second regions,

wherein the first electrode is located in the first region of

the oxide semiconductor layer,

wherein the second electrode is located in the second

region of the oxide semiconductor layer,

wherein the lower and upper gate electrodes face each

other, and wherein the third region of the oxide semi-
conductor layer is interposed between the lower and
upper gate electrodes.

2. The TFT substrate of claim 1, wherein the first elec-
trode includes a source electrode, and wherein the second
electrode includes a drain electrode.

3. The TFT substrate of claim 1, wherein the lower gate
electrode has a first opening corresponding to the first
electrode, and

wherein the upper gate electrode has a second opening

corresponding to the first opening.

4. The TFT substrate of claim 3, wherein the first elec-
trode is larger than the first opening and smaller than the
second opening.

5. The TFT substrate of claim 3, wherein the lower gate
electrode has a first width defined from an inner end portion,
adjacent to the first opening, to an outer end portion of the
lower gate electrode, and
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wherein the upper gate electrode has a second width
defined from an inner end portion, adjacent to the
second opening, to an outer end portion of the upper
gate electrode.

6. The TFT substrate of claim 5, wherein the first width is
greater than the second width.

7. The TFT substrate of claim 5, wherein the first width is
greater than a width of the third region of the oxide semi-
conductor layer, and

wherein at least one of the inner and outer end portions of

the lower gate electrode partially overlaps the first
electrode or the second electrode.

8. The TFT substrate of claim 5, wherein the second width
is less than a width of the third region of the oxide semi-
conductor layer,

wherein the inner end portion of the upper gate electrode

is spaced apart from the outer end portion of the first
electrode in a direction extending from the first elec-
trode toward the second electrode, and

wherein the outer end portion of the upper gate electrode

is spaced apart from the inner end portion of the second
electrode in a direction extending from the second
electrode toward the first electrode.

9. The TFT substrate of claim 1, wherein the first and
second electrodes are located on the same layer.

10. The TFT substrate of claim 1, wherein the lower and
upper gate electrodes are configured to have the same
voltage level.

11. The TFT substrate of claim 1, further comprising a
connection wiring located on the second insulating layer and
electrically connected to the first electrode.

12. An organic light-emitting diode (OLED) display,
comprising:

a plurality of pixels disposed on a substrate, each of the

pixels comprising:

a switching thin film transistor (TFT) located on the
substrate;

a driving TFT located on the substrate and electrically
connected to the switching TFT;

a pixel electrode electrically connected to the driving
TFT,

an emissive layer located on the pixel electrode; and
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a counter electrode facing the pixel electrode with the
emissive layer interposed between the counter elec-
trode and the pixel electrode,

wherein the driving TFT comprises:

an oxide semiconductor layer;

a first electrode located on a first region of the oxide
semiconductor layer and having an island shape;

a second electrode located on an second region of the
oxide semiconductor layer, wherein the second
region is spaced apart from the first region and
surrounds the first region; and

lower and upper gate electrodes facing each other with
the oxide semiconductor layer disposed between the
lower and upper gate electrodes.

13. The OLED display of claim 12, wherein the first
electrode includes a source electrode, and wherein the
second electrode includes a drain electrode.

14. The OLED display of claim 12, wherein the lower
gate electrode has a first opening corresponding to the first
electrode, and

wherein the upper gate electrode has a second opening

corresponding to the first opening.

15. The OLED display of claim 14, wherein the first
opening, the second opening, and the first electrode are
disposed on the same axial line.

16. The OLED display of claim 14, wherein an inner end
portion of the lower gate electrode adjacent to the first
opening partially overlaps the first electrode.

17. The OLED display of claim 14, wherein the second
opening of the upper gate electrode is larger than the first
electrode.

18. The OLED display of claim 12, wherein the first and
second electrodes are located on the same layer.

19. The OLED display of claim 12, wherein the lower and
upper gate electrodes are configured to have the same
voltage level.

20. The OLED display of claim 12, wherein the upper and
lower gate electrodes of the driving TFT are configured to
control a grayscale of a selected pixel including the driving
TFT.
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