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An organic light-emitting diode (OLED) display is dis-
closed. In one aspect, the OLED display includes a substrate
and a first thin film transistor (TFT) formed over the
substrate and including a first active pattern, wherein the first
active pattern includes a channel region and a first gate
electrode formed over the channel region. The OLED dis-
play further includes a gate insulating layer formed over the
first active pattern and including a plurality of openings
formed adjacent to the channel region of the first active
pattern and an OLED electrically connected to the first
active pattern.
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FIG. 5
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0052483 filed in
the Korean Intellectual Property Office on Apr. 14, 2013, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] 1. Field

[0003] The described technology generally relates to an
organic light-emitting diode display.

[0004] 2. Description of the Related Technology

[0005] Typical types of flat panel display are organic
light-emitting diode (OLED), liquid crystal display (LCD),
and plasma display panel (PDP), for example.

[0006] OLED technology uses thin film transistors formed
on a substrate and an OLED connected to the thin film
transistors to form a pixel circuit.

[0007] Recently, high resolution OLED displays with an
increased pixel per inch (ppi) have been manufactured to
meet market demand.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive technology and therefore it
can contain information that does not constitute the prior art
that is already known in this country to a person of ordinary
skill in the art.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0009] One inventive aspect relates to an OLED display
that increases grays of light emitted from OLEDs by increas-
ing a driving range of a gate voltage Vgs of a driving thin
film transistor connected to an OLED of each pixel even
though a high resolution OLED display in which a pixel per
inch (ppi) is increased is manufactured.

[0010] Another aspect is an OLED display including: a
substrate; a first thin film transistor positioned on the sub-
strate and including a first active pattern including a channel
region and a first gate electrode positioned on the channel
region of the first active pattern; a gate insulating layer
covering the first active pattern and including a plurality of
open holes neighboring to the channel region of the first
active pattern; and an OLED connected to the first active
pattern.

[0011] One or more of the plurality of open holes can be
overlapped with the channel region.

[0012] Some of the plurality of open holes can be over-
lapped with the channel region, and the others thereof do not
overlap the channel region.

[0013] The gate insulating layer can cover the first gate
electrode.
[0014] The plurality of open holes can include one or more

contact holes exposing the first gate electrode.

[0015] The number of contact holes can be plural, and one
or more of the plurality of contact holes can be overlapped
with the channel region.

Oct. 20, 2016

[0016] The number of contact holes can be plural, and
some of the plurality of contact holes can be overlapped with
the channel region, and the others thereof do not overlap the
channel region.

[0017] The OLED display can further include: a second
thin film transistor including a second active pattern con-
nected to one end portion of the first active pattern and a
second gate electrode positioned on the second active pat-
tern; a data line positioned on the gate insulating layer and
connected to the second active pattern; a third thin film
transistor including a third active pattern connected to the
other end portion of the first active pattern and a third gate
electrode positioned on the third active pattern; and a gate
bridge positioned on the gate insulating layer, connecting
between the third active pattern and the first gate electrode,
and directly connected to the first gate electrode through the
contact hole.

[0018] The number of contact holes can be plural, and the
gate bridge can include: one stem part connected to the third
active pattern; and a plurality of branch parts branched from
the stem part into each of the plurality of contact holes to
each contact the first gate electrode through each of the
plurality of contact holes.

[0019] The OLED display can further include: a first scan
line positioned on the second active pattern, traversing each
of the second active pattern and the third active pattern, and
connected to the second gate electrode and the third gate
electrode; and a driving power supply line neighboring to
the data line on the first scan line, traversing the first scan
line, and connected to the first active pattern.

[0020] The OLED display can further include: a capacitor
electrode connected to the driving power supply line, posi-
tioned on the first gate electrode, and overlapped with the
first gate electrode to form a capacitor together with the first
gate electrode.

[0021] Each of the first gate electrode and the capacitor
electrode can be made of a metal.

[0022] The OLED display can further include: a fourth
thin film transistor connected to the third active pattern and
including a fourth active pattern connected to the first gate
electrode through the gate bridge and a fourth gate electrode
positioned on the fourth active pattern; a second scan line
positioned on the fourth active pattern, traversing the fourth
active pattern, and connected to the fourth gate electrode;
and an initialization power supply line connected to the
fourth active pattern.

[0023] The OLED display can further include: a fifth thin
film transistor including a fifth active pattern connecting
between the first active pattern and the driving power supply
line and a fifth gate electrode positioned on the fifth active
pattern; a sixth thin film transistor including a sixth active
pattern connecting between the first active pattern and the
OLED and a sixth gate electrode positioned on the sixth
active pattern; and a light emitting control line positioned on
each of the fifth active pattern and the sixth active pattern,
traversing each of the fifth active pattern and the sixth active
pattern, and connected to each of the fifth gate electrode and
the sixth gate electrode.

[0024] The OLED display can further include: a seventh
thin film transistor including a seventh active pattern con-
nected to the fourth active pattern and a seventh gate
electrode positioned on the seventh active pattern; and a
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third scan line positioned on the seventh active pattern,
traversing the seventh active pattern, and connected to the
seventh gate electrode.

[0025] The gate insulating layer can be positioned
between the first active pattern and the first gate electrode.

[0026] The plurality of open holes do not overlap the
channel region.
[0027] The first active pattern can be heat-treated in a state

in which the first active pattern is covered with the gate
insulating layer.

[0028] The channel region of the first active pattern can
have a form in which the channel region of the first active
pattern is linearly extended.

[0029] The channel region of the first active pattern can
have a form in which the channel region of the first active
pattern is bent once or more and extended.

[0030] Another aspect is an organic light-emitting diode
(OLED) display comprising: a substrate; a first thin film
transistor (TFT) formed over the substrate and including a
first active pattern, wherein the first active pattern includes
a channel region and a first gate electrode formed over the
channel region; a gate insulating layer formed over the first
active pattern and including a plurality of openings formed
adjacent to the channel region of the first active pattern; and
an OLED electrically connected to the first active pattern.
[0031] In the above OLED display, at least one of the
openings overlap the channel region. In the above OLED
display, at least one of the openings does not overlap the
channel region. In the above OLED display, the gate insu-
lating layer covers the first gate electrode. In the above
OLED display, the openings include one or more contact
holes formed over the first gate electrode. In the above
OLED display, more than one of the contact holes are
formed, and wherein at least one of the contact holes overlap
the channel region of the first active pattern. In the above
OLED display, more than one of the contact holes are
formed, wherein some of the contact holes overlap the
channel region, and wherein the other contact holes do not
overlap the channel region.

[0032] The above OLED display further comprises: a
second thin film transistor including i) a second active
pattern electrically connected to a first end portion of the first
active pattern and ii) a second gate electrode formed over the
second active pattern; a data line formed over the gate
insulating layer and electrically connected to the second
active pattern; a third thin film transistor including 1) a third
active pattern electrically connected to a second end portion
of the first active pattern and ii) a third gate electrode formed
over the third active pattern; and a gate bridge formed over
the gate insulating layer, configured to electrically connect
the third active pattern to the first gate electrode, and directly
connected to the first gate electrode through the contact hole.
[0033] In the above OLED display, more than one of the
contact holes are formed, and wherein the gate bridge
includes: one stem part connected to the third active pattern;
and a plurality of branch parts branching from the stem part
into each of the contact holes to each contact the first gate
electrode via the contact holes. The above OLED display
further comprises: a first scan line formed over the second
and third active patterns and electrically connected to the
second gate electrode and the third gate electrode; and a
driving power supply line formed adjacent to the data line on
the first scan line and electrically connected to the first active
pattern.
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[0034] The above OLED display further comprises: a
capacitor electrode electrically connected to the driving
power supply line, formed over the first gate electrode, and
overlapping the first gate electrode to form a capacitor
together with the first gate electrode. In the above OLED
display, each of the first gate electrode and the capacitor
electrode is formed of a metal. The above OLED display
further comprises: a fourth thin film transistor electrically
connected to the third active pattern and including a fourth
active pattern electrically connected to the first gate elec-
trode via the gate bridge and a fourth gate electrode formed
over the fourth active pattern; a second scan line formed
over the fourth active pattern and electrically connected to
the fourth gate electrode; and an initialization power supply
line electrically connected to the fourth active pattern.
[0035] The above OLED display further comprises: a fifth
thin film transistor including i) a fifth active pattern config-
ured to electrically connect the first active pattern to the
driving power supply line and ii) a fifth gate electrode
formed over the fifth active pattern; a sixth thin film tran-
sistor including 1) a sixth active pattern configured to elec-
trically the first active pattern to the OLED and ii) a sixth
gate electrode formed over the sixth active pattern; and a
light emitting control line formed over each of the fifth
active pattern and the sixth active pattern and electrically
connected to the fifth and sixth gate electrodes.

[0036] The above OLED display further comprises: a
seventh thin film transistor including a seventh active pattern
electrically connected to the fourth active pattern and a
seventh gate electrode formed over the seventh active pat-
tern; and a third scan line formed over the seventh active
pattern and electrically connected to the seventh gate elec-
trode.

[0037] In the above OLED display, the gate insulating
layer is interposed between the first active pattern and the
first gate electrode. In the above OLED display, two or more
of the openings do not overlap the channel region. In the
above OLED display, the gate insulating layer includes: a
first gate insulating layer covering the channel region of the
first active pattern and ii) second and third gate insulating
layers formed over the first gate insulating layer and the first
gate electrode, and wherein the openings are formed in the
second and third gate insulating layers. In the above OLED
display, the first active pattern further includes source and
drain electrodes, and wherein the channel region of the first
active pattern linearly extending from the source electrode to
the drain electrode has a substantially uniform width. In the
above OLED display, the channel region of the first active
pattern is bent at least once.

[0038] According to at least one of the embodiments, even
though a high resolution OLED display in which pixel per
inch (ppi) increases the driving range of a gate voltage (Vgs)
of a driving thin film transistor increases. Thus, OLED
luminance can still be increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] FIG. 1 is a circuit diagram showing one pixel of an
OLED display according to an exemplary embodiment.
[0040] FIG. 2 is a layout view showing one pixel of the
OLED display according to an exemplary embodiment.
[0041] FIG. 3 is a cross-sectional view taken along line
1II-0I of FIG. 2.

[0042] FIG. 4 is a layout view showing one pixel of an
OLED display according to another exemplary embodiment.
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[0043] FIG. 5 is a layout view showing one pixel of an
OLED display according to another exemplary embodiment.
[0044] FIG. 6 is a layout view showing one pixel of an
OLED display according to another exemplary embodiment.
[0045] FIG. 7 is a layout view showing one pixel of an
OLED display according to another exemplary embodiment.
[0046] FIG. 8 is a cross-sectional view taken along line
VIII-VIII of FIG. 7.

[0047] FIG. 9 is a cross-sectional view showing an OLED
display according to another exemplary embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0048] Hereinafter, several exemplary embodiments of the
described technology will be described in detail with refer-
ence to the accompanying drawings so that those skilled in
the art to which the described technology pertains can easily
practice the described technology. However, the described
technology can be implemented in various different forms
and is not limited to exemplary embodiments provided
herein.

[0049] Portions unrelated to the description will be omit-
ted in order to obviously describe the described technology,
and similar components will be denoted by the same refer-
ence numerals throughout the present specification.

[0050] In addition, in several exemplary embodiments,
components having the same configuration will be repre-
sentatively described using the same reference numerals in
an exemplary embodiment, and only components different
from those of an exemplary embodiment will be described
in another exemplary embodiment.

[0051] In addition, since sizes and thicknesses of the
respective components shown in the accompanying draw-
ings are arbitrarily shown for convenience of explanation,
the described technology is not necessarily limited to con-
tents shown in the accompanying drawings.

[0052] In the drawings, the thickness of layers, films,
panels, regions, efc., are exaggerated for clarity. In addition,
in the accompanying drawings, thicknesses of some of
layers and regions have been exaggerated for convenience of
explanation. It will be understood that when an element such
as a layer, a film, a region, or a substrate is referred to as
being “on” another element, it can be directly on another
element or can have an intervening element present ther-
ebetween.

[0053] In addition, throughout the present specification,
unless explicitly described to the contrary, the word “com-
prise” and variations such as “comprises” or “comprising”,
will be understood to imply the inclusion of stated elements
but not the exclusion of any other elements. In addition,
throughout the specification, the word “on” does not neces-
sarily mean that any element is positioned at an upper side
based on a gravity direction, but means that any element is
positioned above or below a target portion. In this disclo-
sure, 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.

[0054] Hereinafter, an OLED display according to an
exemplary embodiment will be described with reference to
FIGS. 1to 3.

[0055] Hereinafter, a pixel circuit in the OLED display
according to an exemplary embodiment will be described
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with reference to FIG. 1. Here, the pixel can mean the
minimum unit in which an image is displayed.

[0056] FIG. 1 is a circuit diagram showing one pixel of an
OLED display according to an exemplary embodiment. To
implement an entire display, a matrix of such pixel circuits
will be formed in conjunction with driving circuitry (not
shown).

[0057] As shown in FIG. 1, one pixel Px of the OLED
display includes a plurality of thin film transistors T1, T2,
T3, T4, T5,T6, and T7, a plurality of wirings Sn, Sn-1, Sn-2,
EM, Vin, DA, and ELVDD selectively connected to the
plurality of thin film transistors T1, T2, T3, T4, T5, T6, and
T7, a capacitor Cst, and an OLED.

[0058] The plurality of thin film transistors T1, T2, T3, T4,
T5, T6, and T7 include a first thin film transistor T1, a
second thin film transistor T2, a third thin film transistor T3,
a fourth thin film transistor T4, a fifth thin film transistor T5,
a sixth thin film transistor T6, and a seventh thin film
transistor T7.

[0059] A first gate electrode G1 of the first thin film
transistor T1 is connected to each of a third drain electrode
D3 of the third thin film transistor T3 and a fourth drain
electrode D4 of the fourth thin film transistor T4. A first
source electrode S1 of the first thin film transistor T1 is
connected to each of a second drain electrode D2 of the
second thin film transistor T2 and a fifth drain electrode D5
of the fifth thin film transistor T5. A first drain electrode D1
of the first thin film transistor T1 is connected to each a third
source electrode S3 of the third thin film transistor T3 and
a sixth source electrode S6 of the sixth thin film transistor
Té.

[0060] A second gate electrode G2 of the second thin film
transistor T2 is connected to a first scan line Sn. A second
source electrode S2 of the second thin film transistor T2 is
connected to a data line DA. The second drain electrode D2
is connected to the first source electrode S1 of the first thin
film transistor T1.

[0061] A third gate electrode G3 of the third thin film
transistor T3 is connected to the first scan line Sn. The third
source electrode S3 is connected to the first drain electrode
D1. The third drain electrode D3 is connected to the first gate
electrode G1.

[0062] A fourth gate electrode G4 of the fourth thin film
transistor T4 is connected to a second scan line Sn-1. A
fourth source electrode S4 of the fourth thin film transistor
T4 is connected to an initialization power supply line Vin.
The fourth drain electrode D4 is connected to the first gate
electrode G1.

[0063] A fifth gate electrode G5 of the fifth thin film
transistor T5 is connected to a light emitting control line EM.
A fifth source electrode S5 of the fifth thin film transistor T5
is connected to a driving power supply line ELVDD. The
fifth drain electrode D5 is connected to the first source
electrode S1.

[0064] A sixth gate electrode G6 of the sixth thin film
transistor T6 is connected to the light emitting control line
EM. The sixth source electrode Sé is connected to the first
drain electrode D1 of the first thin film transistor T1.

[0065] A seventh gate electrode G7 of the seventh thin
film transistor T7 is connected to a third scan line Sn-2. A
seventh source electrode S7 of the seventh thin film tran-
sistor T7 is connected to the OLED. A seventh drain
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electrode D7 of the seventh thin film transistor T7 is
connected to the fourth source electrode S4 of the fourth thin
film transistor T4.

[0066] The plurality of wirings include the first scan line
Sn transferring a first scan signal to each of the second gate
electrode G2 and the third gate electrode G3. The second
scan line Sn-1 transfers a second scan signal to the fourth
gate electrode G4, and the third scan line Sn-2 transfers a
third scan signal to the seventh gate electrode G7. The light
emitting control line EM transfers a light emitting control
signal to each of the fifth gate electrode G5 and the sixth gate
electrode G6, the data line DA transfers a data signal to the
second source electrode S2, and the driving power supply
line ELVDD supplies a driving signal to each of one
electrode of the capacitor Cst and the fifth source electrode
S5. The initialization power supply line Vin supplies an
initialization signal to the fourth source electrode S4. Here,
the data line DA and the driving power supply line ELVDD
can be formed as data wirings.

[0067] The capacitor Cst includes one electrode connected
to the driving power supply line ELVDD and the other
electrode connected to each of the first gate electrode G1 and
the third drain electrode D3 of the third thin film transistor
T3.

[0068] The OLED includes a first electrode, a second
electrode positioned on the first electrode, and an organic
emission layer positioned between the first electrode and the
second electrode. The first electrode of the OLED is con-
nected to each of the seventh source electrode S7 and a sixth
drain electrode D6, and the second electrode of the OLED
is connected to a common power supply ELVSS to which a
common signal is transferred.

[0069] As an example of driving the above-mentioned
pixel circuit, when the third scan signal is transferred to the
third scan line Sn-2 to turn on the seventh thin film transistor
T7, a residual current flowing in the first electrode of the
OLED flows to the fourth thin film transistor T4 through the
seventh thin film transistor T7, such that unintended light
emission of the OLED by the residual current flowing in the
first electrode of the OLED is suppressed.

[0070] Next, when the second scan signal is transferred to
the second scan line Sn-1 and the initialization signal is
transferred to the initialization power supply line Vin, the
fourth thin film transistor T4 is turned on, such that an
initialization voltage by the initialization signal is trans-
ferred to the first gate electrode G1 and the other electrode
of the capacitor Cst through the fourth thin film transistor
T4. Therefore, the first gate electrode G1 and the capacitor
Cst are initialized. In this case, the first thin film transistor
T1 is turned on while the first gate electrode G1 being
initialized.

[0071] Next, when the first scan signal is transferred to the
first scan line Sn and the data signal is transferred to the data
line DA, each of the second thin film transistor T2 and the
third thin film transistor T3 is turned on, such that a data
voltage (Vd) by the data signal is supplied to the first gate
electrode G1 through the second thin film transistor T2, the
first thin film transistor T1, and the third thin film transistor
T3. In this case, a compensation voltage {Vd+Vth (here, Vth
is a negative (=) value)}, which is the data voltage (Vd) first
supplied from the data line DA less a threshold voltage (Vth)
of the first thin film transistor T, is supplied to the first gate
electrode G1. The compensation voltage (Vd+Vth) supplied
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to the first gate electrode G1 is also supplied to the other
electrode of the capacitor Cst connected to the first gate
electrode G1.

[0072] Next, a driving voltage (Vel) by the driving signal
from the driving power supply line ELVDD is supplied to
one electrode of the capacitor Cst, and the above-mentioned
compensation voltage (Vd+Vth) is supplied to the other
electrode of the capacitor Cst, such that electric charges
corresponding to a difference between the voltages each
applied to both electrodes of the capacitor Cst are stored in
the capacitor Cst, thereby turning on the first thin film
transistor T1 for a predetermined time.

[0073] Next, when the light emitting control signal is
applied to the light emitting control line EM, each of the fifth
thin film transistor T5 and the sixth thin film transistor T6 is
turned on, such that the driving voltage (Vel) by the driving
signal from the driving power supply line ELVDD is sup-
plied to the first thin film transistor T1 through the fifth thin
film transistor T5.

[0074] In this case, while the driving voltage (Vel) passing
through the first thin film transistor T1 turned on by the
capacitor Cst, a driving current I; corresponding to a voltage
difference between a voltage supplied to the first gate
electrode G1 by the capacitor Cst and the driving voltage
(Vel) flows to the first drain electrode D1 and is then
supplied to the OLED through the sixth thin film transistor
T6, such that the OLED emits light for a predetermined time.
[0075] Although the pixel circuit of the OLED display
according to an exemplary embodiment has been configured
of the first thin film transistor T1 to the seventh thin film
transistor 17, the capacitor Cst, the first scan line Sn to the
third scan line Sn-2, the data line DA, the driving power
supply line ELVDD, and the initialization power supply line
Vin, the described technology is not limited thereto. That is,
a pixel circuit of an OLED display according to another
exemplary embodiment can be configured of wirings includ-
ing a plurality of (two or more) thin film transistors, one or
more capacitors, one or more scan lines, and one or more
driving power supply lines.

[0076] Hereinafter, a layout of the pixel of the OLED
display according to an exemplary embodiment described
above will be described with reference to FIGS. 2 and 3.
Insulating layers can be interposed between components to
be described below, or formed on different layers. These
insulating layers can be inorganic insulating layers or
organic insulating layers formed of a silicon nitride, a silicon
oxide, or the like. In addition, these insulating layers can be
formed of a single layer or plural layers.

[0077] FIG. 2 is a layout view showing one pixel of the
OLED display according to an exemplary embodiment. FIG.
3 is a cross-sectional view taken along line ITT-111 of FIG. 2.
[0078] As shown in FIGS. 2 and 3, the OLED display
according to an exemplary embodiment includes a substrate
SUB that can be positioned to correspond to one pixel Px,
afirst thin film transistor T1, a second thin film transistor T2,
athird thin film transistor T3, a fourth thin film transistor T4,
a fifth thin film transistor T5, a sixth thin film transistor T6,
a seventh thin film transistor T7, a first gate insulating layer
GI1, a second gate insulating layer GI2, a third gate insu-
lating layer GI3, a first scan line Sn, a second scan line Sn-1,
a third scan line Sn-2, a light emitting control line EM, a
capacitor Cst, a data line DA, a driving power supply line
ELVDD, a gate bridge GB, an initialization power supply
line Vin, and an OLED.
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[0079] Although the second scan line Sn-1 and the third
scan line Sn-2 have been shown as the respective scan lines
spaced apart from each other in FIG. 2, they are not limited
thereto, but can be the same line.

[0080] The substrate SUB can be formed of glass, quartz,
ceramic, sapphire, plastic, metal, or the like, and can be
flexible, stretchable, rollable, or foldable. Since the substrate
SUB is flexible, stretchable, rollable, or foldable, the entire
OLED display can be flexible, stretchable, rollable, or
foldable.

[0081] The first thin film transistor T1 is positioned on the
substrate SUB, and includes a first active pattern Al and a
first gate electrode G1.

[0082] The first active pattern Al includes a first source
electrode S1, a first channel region C1, and a first drain
electrode D1. The first source electrode S1 is connected to
each of a second drain electrode D2 of the second thin film
transistor T2 and a fifth drain electrode D5 of the fifth thin
film transistor T5. The first drain electrode D1 is connected
to each of a third source electrode S3 of the third thin film
transistor T3 and a sixth source electrode S6 of the sixth thin
film transistor T6. The first channel region C1, which is a
channel region of the first active pattern Al overlapping the
first gate electrode G1, has a form in which it is linearly
extended.

[0083] The first active pattern Al can be formed of poly-
silicon or an oxide semiconductor. The oxide semiconductor
can include any one of an oxide of titanium (Ti), hafhium
(Hf), zirconium (Zr), aluminum (Al), tantalum (Ta), germa-
nium (Ge), zinc (Zn), gallium (Ga), tin (Sn), or indium (In),
and a zinc oxide (ZnO), an indium-gallium-zinc oxide
(InGaZnO,), an indium-zinc oxide (Zn—In—O0), a zinc-tin
oxide (Zn—Sn—0), an indium-gallium oxide (In—Ga—
0), an indium-tin oxide (In—Sn—O0), an indium-zirconium
oxide (In—7r—0), an indium-zirconium-zinc oxide (In—
Zr—7n—0), an indium-zirconium-tin oxide (In—Z7r—
Sn—0), an indium-zirconium-gallium oxide (In—Z7r—
Ga—0), an indium-aluminum oxide (In—Al—Q), an
indium-zinc-aluminum oxide (In—Zn—Al—Q), an indium-
tin-aluminum oxide (In—Sn—Al—O), an indium-alumi-
num-gallium oxide (In—Al—Ga—0), an indium-tantalum
oxide (In—Ta—O0), an indium-tantalum-zinc oxide (In—
Ta—7n—0), an indium-tantalum-tin oxide (In—Ta—Sn—
0), an indium-tantalum-gallium oxide (In—Ta—Ga—O0),
an indium-germanium oxide (In—Ge—O0), an indium-get-
manium-zine oxide (In—Ge—7n—0), an indium-germa-
nium-tin oxide (In—Ge—Sn—O0), an indium-germanium-
gallium oxide (In—Ge—Ga—O0), a titanium-indium-zinc
oxide (Ti—In—7n—0), and a hafnium-indium-zinc oxide
(Hf—In—7n—0), which are composite oxides thereof. In
the case in which the first active pattern A1 is formed of the
oxide semiconductor, a separate protecting layer can be
added in order to protect the oxide semiconductor vulnerable
to an external environment such as a high temperature, or the
like.

[0084] The first channel region C1 of the first active
pattern Al can be channel-region-doped with N-type impu-
rities or P-type impurities, and the first source electrode S1
and the first drain electrode D1 can be spaced apart from
each other with the first channel region C1 interposed
therebetween and be doped with opposite type impurities to
the impurities with which the first channel region C1 is
doped.
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[0085] The first gate electrode G1 is positioned on the first
channel region C1 of the first active pattern Al and has an
island shape. The first gate electrode G1 is connected to a
fourth drain electrode D4 of the fourth thin film transistor T4
and a third drain electrode D3 of the third thin film transistor
T3 by gate bridges GB passing through a plurality of contact
holes CNT. The first gate electrode G1 is overlapped with a
capacitor electrode CE, and can serve as the other electrode
of the capacitor Cst simultaneously (or concurrently) with
serving as a gate electrode of the first thin film transistor T1.
That is, the first gate electrode G1 forms the capacitor Cst
together with the capacitor electrode (CE).

[0086] The second thin film transistor T2 is positioned on
the substrate SUB, and includes a second active pattern A2
and a second gate electrode G2. The second active pattern
A2 includes a second source electrode S2, a second channel
region C2, and the second drain electrode D2. The second
source electrode SS 1s connected to the data line DA through
a contact hole, and the second drain electrode D2 is con-
nected to the first source electrode S1 of the first thin film
transistor T1. The second channel region C2, which is a
channel region of the second active pattern A2 overlapped
with the second gate electrode G2, is positioned between the
second source electrode S2 and the second drain electrode
D2. That is, the second active pattern A2 is connected to the
first active pattern Al.

[0087] The second channel region C2 of the second active
pattern A2 can be channel-region-doped with N-type impu-
rities or P-type impurities, and the second source electrode
S2 and the second drain electrode D2 can be spaced apart
from each other with the second channel region C2 inter-
posed therebetween and be doped with opposite type impu-
rities to the impurities with which the second channel region
C2 is doped. The second active pattern A2 is positioned on
the same layer as a layer on which the first active pattern Al
is positioned, is formed of the same material as that of the
first active pattern A1, and is formed integrally with the first
active pattern Al.

[0088] The second gate electrode G2 is positioned on the
second channel region C2 of the second active pattern A2,
and is formed integrally with the first scan line Sn.

[0089] The third thin film transistor T3 is positioned on the
substrate SUB, and includes a third active pattern A3 and a
third gate electrode G3.

[0090] The third active pattern A3 includes the third
source electrode S3, a third channel region C3, and the third
drain electrode D3. The third source electrode S3 is con-
nected to the first drain electrode D1, and the third drain
electrode D3 is connected to the first gate electrode G1 of the
first thin film transistor T1 by a gate bridge GB passing
through a contact hole. The third channel region C3, which
is a channel region of the third active pattern A3 overlapped
with the third gate electrode G3, is positioned between the
third source electrode S3 and the third drain electrode D3.
That is, the third active pattern A3 connects between the first
active pattern Al and the first gate electrode G1.

[0091] The third channel region C3 of the third active
pattern A3 can be channel-region-doped with N-type impu-
rities or P-type impurities. The third source electrode S3 and
the third drain electrode D3 can be spaced apart from each
other with the third channel region C3 interposed therebe-
tween and be doped with opposite type impurities to the
impurities with which the third channel region C3 is doped.
The third active pattern A3 is positioned on the same layer
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as a layer on which the first active pattern A1 and the second
active pattern A2 are positioned, is formed of the same
material as that of the first active pattern A1 and the second
active pattern A2, and is formed integrally with the first
active pattern Al and the second active pattern A2.

[0092] The third gate electrode G3 is positioned on the
third channel region C3 of the third active pattern A3, and
is formed integrally with the first scan line Sn. The third gate
electrode G3 is formed as a dual gate electrode, but is not
limited thereto.

[0093] The fourth thin film transistor T4 is positioned on
the substrate SUB, and includes a fourth active pattern A4
and a fourth gate electrode G4.

[0094] The fourth active pattern A4 includes a fourth
source electrode S4, a fourth channel region C4, and the
fourth drain electrode Dd4. The fourth source electrode S4 is
connected to the initialization power supply line Vin through
a contact hole, and the fourth drain electrode D4 is con-
nected to the first gate electrode G1 of the first thin film
transistor T1 by a gate bridge GB passing through the
contact hole. The fourth channel region C4, which is a
channel region of the fourth active pattern Ad overlapped
with the fourth gate electrode G4, is positioned between the
fourth source electrode S4 and the fourth drain electrode D4.
That is, the fourth active pattern A4 is connected to each of
the third active pattern A3 and the first gate electrode G1
simultaneously (or concurrently) with connecting between
the initialization power supply line Vin and the first gate
electrode G1.

[0095] The fourth channel region C4 of the fourth active
pattern Ad can be channel-region-doped with N-type impu-
rities or P-type impurities. The fourth source electrode S4
and the fourth drain electrode D4 can be spaced apart from
each other with the fourth channel region C4 interposed
therebetween and be doped with opposite type impurities to
the impurities with which the fourth channel region C4 is
doped. The fourth active pattern Ad is positioned on the
same layer as a layer on which the first active pattern Al, the
second active pattern A2, and the third active pattern A3 are
positioned. The fourth active pattern A4 is formed of the
same material as that of the first active pattern Al, the
second active pattern A2, and the third active pattern A3, and
is formed integrally with the first active pattern Al, the
second active pattern A2, and the third active pattern A3.

[0096] The fourth gate electrode G4 is positioned on the
fourth channel region C4 of the fourth active pattern A4, and
is formed integrally with the second scan line Sn-1. The
fourth gate electrode G4 is formed as a dual gate electrode.

[0097] The fifth thin film transistor T5 is positioned on the
substrate SUB, and includes a fifth active pattern AS and a
fifth gate electrode G5.

[0098] The fifth active pattern AS includes a fifth source
electrode S5, a fifth channel region C5, and the fifth drain
electrode D5. The fifth source electrode S5 is connected to
the driving power supply line ELVDD through a contact
hole, and the fifth drain electrode D5 is connected to the first
source electrode S1 of the first thin film transistor T1. The
fifth channel region C5, which is a channel region of the fifth
active pattern A5 overlapped with the fifth gate electrode
G5, is positioned between the fifth source electrode S5 and
the fifth drain electrode D5. That is, the fifth active pattern
A5 connects between the driving power supply line ELVDD
and the first active pattern Al.
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[0099] The fifth channel region C5 of the fifth active
pattern A5 can be channel-region-doped with N-type impu-
rities or P-type impurities. The fifth source electrode S5 and
the fifth drain electrode D5 can be spaced apart from each
other with the fifth channel region C5 interposed therebe-
tween and be doped with opposite type impurities to the
impurities with which the fifth channel region C5 is doped.
The fifth active pattern A5 is positioned on the same layer as
a layer on which the first active pattern Al, the second active
pattern A2, the third active pattern A3, and the fourth active
pattern A4 are positioned. The fifth active pattern A5 is
formed of the same material as that of the first active pattern
Al, the second active pattern A2, the third active pattern A3,
and the fourth active pattern A4, and is formed integrally
with the first active pattern A1, the second active pattern A2,
the third active pattern A3, and the fourth active pattern A4.
[0100] The fifth gate electrode G5 is positioned on the fifth
channel region C5 of the fifth active pattern A5, and is
formed integrally with the light emitting control line EM.
[0101] The sixth thin film transistor T6 is positioned on the
substrate SUB, and includes a sixth active pattern A6 and a
sixth gate electrode G6.

[0102] The sixth active pattern A6 includes a sixth source
electrode S6, a sixth channel region C6, and a sixth drain
electrode D6. The sixth source electrode S6 is connected to
the first drain electrode D1 of the first thin film transistor T1,
and the sixth drain electrode D6 is connected to a first
electrode E1 of the OLED through the contact hole CNT.
The sixth channel region C6, which is a channel region of
the sixth active pattern A6 overlapped with the sixth gate
electrode C6, is positioned between the sixth source elec-
trode S6 and the sixth drain electrode D6. That is, the sixth
active pattern A6 connects between the first active pattern
Al and the first electrode E1 of the OLED.

[0103] The sixth channel region C6 of the sixth active
pattern A6 can be channel-region-doped with N-type impu-
rities or P-type impurities. The sixth source electrode S6 and
the sixth drain electrode D6 can be spaced apart from each
other with the sixth channel region C6 interposed therebe-
tween and be doped with opposite type impurities to the
impurities with which the sixth channel region C6 is doped.
The sixth active pattern A6 is positioned on the same layer
as a layer on which the first active pattern Al, the second
active pattern A2, the third active pattern A3, the fourth
active pattern A4, and the fifth active pattern A5 are posi-
tioned. The sixth active pattern A6 is formed of the same
material as that of the first active pattern Al, the second
active pattern A2, the third active pattern A3, the fourth
active pattern A4, and the fifth active pattern AS, and is
formed integrally with the first active pattern A1, the second
active pattern A2, the third active pattern A3, the fourth
active pattern Ad, and the fifth active pattern A5.

[0104] The sixth gate electrode G6 is positioned on the
sixth channel region C6 of the sixth active pattern A6, and
is formed integrally with the light emitting control line EM.
[0105] The seventh thin film transistor T7 is positioned on
the substrate SUB, and includes a seventh active pattern A7
and a seventh gate electrode G7.

[0106] The seventh active pattern A7 includes a seventh
source electrode S7, a seventh channel region C7, and a
seventh drain electrode D7. The seventh source electrode S7
is connected to a first electrode of an OLED of another pixel
(not shown in FIG. 3) (that can be a pixel positioned above
the pixel shown in FIG. 2). The seventh drain electrode D7
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is connected to the fourth source electrode S4 of the fourth
thin film transistor T4. The seventh channel region C7,
which is a channel region of the seventh active pattern A7
overlapped with the seventh gate electrode G7. The seventh
channel region C7 is positioned between the seventh source
electrode S7 and the seventh drain electrode D7. That is, the
seventh active pattern A7 connects between the first elec-
trode of the OLED and the fourth active pattern A4.
[0107] The seventh channel region C7 of the seventh
active pattern A7 can be channel-region-doped with N-type
impurities or P-type impurities. The seventh source elec-
trode S7 and the seventh drain electrode D7 can be spaced
apart from each other with the seventh channel region C7
interposed therebetween and be doped with opposite type
impurities to the impurities with which the seventh channel
region C7 is doped. The seventh active pattern A7 is
positioned on the same layer as a layer on which the first
active pattern Al, the second active pattern A2, the third
active pattern A3, the fourth active pattern A4, the fifth
active pattern A5, and the sixth active pattern A6 are
positioned. The seventh active pattern A7 is formed of the
same material as that of the first active pattern Al, the
second active pattern A2, the third active pattern A3, the
fourth active pattern A4, the fifth active pattern A5, and the
sixth active pattern A6, and is formed integrally with the first
active pattern Al, the second active pattern A2, the third
active pattern A3, the fourth active pattern A4, the fifth
active pattern A5, and the sixth active pattern A6.

[0108] The seventh gate electrode G7 is positioned on the
seventh channel region C7 of the seventh active pattern A7,
and is formed integrally with the third scan line Sn-2.
[0109] The first gate insulating layer GI1, the second gate
insulating layer GI2, and the third gate insulating layer GI3
are sequentially stacked on the first active pattern Al, the
second active pattern A2, the third active pattern A3, the
fourth active pattern A4, the fifth active pattern A5, the sixth
active pattern A6, and the seventh active pattern A7. Each of
the first gate insulating layer GI1, the second gate insulating
layer G12, and the third gate insulating layer GI3 can be an
inorganic insulating layer or an organic insulating layer
formed of silicon nitride, silicon oxide, or the like. In
addition, these insulating layers can be formed of a single
layer or plural layers.

[0110] The first gate insulating layer GI1 is positioned
between each of the first active pattern Al, the second active
pattern A2, the third active pattern A3, the fourth active
pattern Ad, the fifth active pattern A5, the sixth active pattern
A6, and the seventh active pattern A7 and each of the first
gate electrode G1, the second gate electrode G2, the third
gate electrode G3, the fourth gate electrode G4, the fifth gate
electrode G5, the sixth gate electrode G6, and the seventh
gate electrode G7. The first gate insulating layer GI1 can
prevent a short circuit between components positioned on
different layers described above.

[0111] The second gate insulating layer GI2 is positioned
on the first gate insulating layer GI1 to cover each of the first
active pattern Al, the second active pattern A2, the third
active pattern A3, the fourth active pattern Ad, the fifth
active pattern AS, the sixth active pattern A6, and the
seventh active pattern A7. In detail, the second gate insu-
lating layer GI2 covers each of the first gate electrode G1,
the second gate electrode (G2, the third gate electrode G3, the
fourth gate electrode G4, the fifth gate electrode G5, the
sixth gate electrode G6, and the seventh gate electrode G7.
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The second gate insulating layer GI2 includes a plurality of
open holes OH neighboring to the first channel region C1 of
the first active pattern Al. One or more of the plurality of
open holes OH are overlapped with the first channel region
C1, and in an exemplary embodiment, all of the plurality of
open holes OH are overlapped with the first channel region
C1. The plurality of open holes OH include one or more
contact holes CNT exposing the first gate electrode G1, and
in an exemplary embodiment, all of the plurality of open
holes OH can be a plurality of contact holes CNT exposing
the first gate electrode G1. One or more of the plurality of
contact holes CNT can be overlapped with the first channel
region C1, and in an exemplary embodiment, all of the
plurality of contact holes CNT can be overlapped with the
first channel region C1.

[0112] The third gate insulating layer GI3 is positioned on
the second gate insulating layer GI2 to cover each of the first
active pattern Al, the second active pattern A2, the third
active pattern A3, the fourth active pattern A4, the fifth
active pattern A5, the sixth active pattern A6, and the
seventh active pattern A7. In detail, the third gate insulating
layer GI3 covers the capacitor electrode CE. The third gate
insulating layer GI3 includes a plurality of open holes OH
neighboring to the first channel region C1 of the first active
pattern A1l. One or more of the plurality of open holes OH
are overlapped with the first channel region C1, and in an
exemplary embodiment, all of the plurality of open holes
OH are overlapped with the first channel region C1. The
plurality of open holes OH include one or more contact holes
CNT exposing the first gate electrode G1, and in an exem-
plary embodiment, all of the plurality of open holes OH can
be a plurality of contact holes CNT exposing the first gate
electrode G1. One or more of the plurality of contact holes
CNT can be overlapped with the first channel region C1, and
in an exemplary embodiment, all of the plurality of contact
holes CNT can be overlapped with the first channel region
Cl1.

[0113] As described above, in an exemplary embodiment,
the plurality of open holes OH are included in each of the
second gate insulating layer GI2 and the third gate insulating
layer GI3, and the plurality of open holes OH included in
each of the second gate insulating layer G12 and the third
gate insulating layer GI3 are in communication with each
other. Meanwhile, in another exemplary embodiment, the
plurality of open holes OH included in each of the second
gate insulating layer GI2 and the third gate insulating layer
GI3 are not in communication with each other.

[0114] In addition, in an exemplary embodiment, the plu-
rality of open holes OH are three contact holes CNT.
However, the described technology is not limited thereto.
That is, in another exemplary embodiment, the plurality of
open holes OH can be two contact holes CNT or four or
more contact holes CNT.

[0115] Fach of the first gate insulating layer GI1, the
second gate insulating layer GI2, and the third gate insulat-
ing layer GI3 as described above sequentially covers each of
the first active pattern Al, the second active pattern A2, the
third active pattern A3, the fourth active pattern A4, the fifth
active pattern AS, the sixth active pattern A6, and the
seventh active pattern A7. During manufacturing the OLED
display, each of the first active pattern Al, the second active
pattern A2, the third active pattern A3, the fourth active
pattern A4, the fifth active pattern A5, the sixth active pattern
A6, and the seventh active pattern A7 can be heat-treated
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once or more in a state in which each of the first gate
insulating layer GI1, the second gate insulating layer GI2,
the third gate insulating layer GI3 cover each of the first
active pattern Al, the second active pattern A2, the third
active pattern A3, the fourth active pattern Ad, the fifth
active pattern AS, the sixth active pattern A6, and the
seventh active pattern A7.

[0116] The first scan line Sn is positioned on the second
active pattern A2 and the third active pattern A3 with the first
gate insulating layer GI1 interposed therebetween. The first
scan line Sn is extended in one direction traversing the
second active pattern A2 and the third active pattern A3, and
is formed integrally with the second gate electrode G2 and
the third gate electrode G3 to be connected to the second
gate electrode G2 and the third gate electrode G3.

[0117] The second scan line Sn-1 is spaced apart from the
first scan line Sn, is positioned on the fourth active pattern
A4 with the first gate insulating layer GI1 interposed ther-
ebetween. The second scan line Sn-1 is extended in one
direction traversing the fourth active pattern A4, and is
formed integrally with the fourth gate electrode G4 to be
connected to the fourth gate electrode G4.

[0118] The third scan line Sn-2 is spaced apart from the
second scan line Sn-1, is positioned on the seventh active
pattern A7 with the first gate insulating layer GI1 interposed
therebetween. The third scan line Sn-2 is extended in one
direction traversing the seventh active pattern A7, and is
formed integrally with the seventh gate electrode G7 to be
connected to the seventh gate electrode G7.

[0119] The light emitting control line EM is spaced apart
from the first scan line Sn, and is positioned on the fifth
active pattern A5 and the sixth active pattern A6 with the
first gate insulating layer GI1 interposed therebetween. The
light emitting control line EM is extended in one direction
traversing the fifth active pattern A5 and the sixth active
pattern A6, and is formed integrally with the fifth gate
electrode G5 and the sixth gate electrode G6 to be connected
to the fifth gate electrode G5 and the sixth gate electrode G6.

[0120] The light emitting control line EM, the third scan
line Sn-2, the second scan line Sn-1, the first scan line Sn,
the first gate electrode G1, the second gate electrode G2, the
third gate electrode G3, the fourth gate electrode G4, the
fifth gate electrode G5, the sixth gate electrode G6, and the
seventh gate electrode G7 described above are positioned on
the same layer and are formed of the same material. Mean-
while, in another exemplary embodiment, alternatively, the
light emitting control line EM, the third scan line Sn-2, the
second scan line Sn-1, the first scan line Sn, the first gate
electrode G1, the second gate electrode G2, the third gate
electrode G3, the fourth gate electrode G4, the fifth gate
electrode G5, the sixth gate electrode G6, and the seventh
gate electrode G7 can be positioned on different layers and
be formed of different materials.

[0121] The capacitor Cst includes one electrode and the
other electrode facing each other with the insulating layer
interposed therebetween. One electrode described above can
be the capacitor electrode CE, the insulating layer can be the
second gate insulating layer GI2, and the other electrode can
be the first gate electrode G1. The capacitor electrode CE is
positioned on the first gate electrode G1 with the second gate
insulating layer GI2 interposed therebetween, and is con-
nected to the driving power supply line ELVDD through the
contact hole.
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[0122] The capacitor electrode CE is positioned on the
first gate electrode G1 with the second gate insulating layer
G12 interposed therebetween, and form the capacitor Cst
together with the first gate electrode G1. The capacitor
electrode CE and first gate electrode G1 can be formed using
different metals or the same metal on different layers.
[0123] The data line DA is positioned on the first scan line
Sn with the third gate insulating layer GI3 interposed
therebetween. The data line DA is extended in the other
direction traversing the first scan line Sn, and is connected
to the second source electrode S2 of the second active
pattern A2 through the contact hole CNT. The data line DA
is extended while traversing the first scan line Sn, the second
scan line Sn-1, the third scan line Sn-2, and the light emitting
control line EM.

[0124] The driving power supply line ELVDD is spaced
apart from the data line DA, and is positioned on the first
scan line Sn with the third gate insulating layer GI3 inter-
posed therebetween. The driving power supply line ELVDD
is extended in the other direction traversing the first scan line
Sn, and is connected to the fifth source electrode S5 of the
fifth active pattern A5 connected to the capacitor electrode
CE and the first active pattern Al through the contact hole.
The driving power supply line ELVDD is extended while
traversing the first scan line Sn, the second scan line Sn-1,
the third scan line Sn-2, and the light emitting control line
EM.

[0125] The gate bridge GB is positioned on the first scan
line Sn with the third gate insulating layer GI3 interposed
therebetween, and is spaced apart from the driving power
supply line ELVDD. The gate bridge GB is connected to
each of the third drain electrode D3 of the third active
pattern A3 and the fourth drain electrode D4 of the fourth
active pattern A4 through the contact hole to thereby be
connected to the first gate electrode G1 through the plurality
of contact holes CNT included in the plurality of open holes
OH. The gate bridge GB includes a stem part ST and a
plurality of branch parts BR.

[0126] The stem part ST of the gate bridge GB is con-
nected to the third drain electrode D3 of the third active
pattern A3 and the fourth drain electrode D4 of the fourth
active pattern A4 through the contact hole, and is extended
as one line.

[0127] The number of branch parts BR of the gate bridge
GB is plural, and each of the plurality of branch parts BR is
branched from the stem part into each of the plurality of
contact holes CNT. Each of the plurality of branch parts BR
directly contacts the first gate electrode G1 through each of
the plurality of contact holes CNT. In an exemplary embodi-
ment, the number of stem parts ST of the gate bridge GB is
one, and the number of branch parts BR of the gate bridge
GB is three. However, the described technology is not
limited thereto. That is, in another exemplary embodiment,
the number of stem parts can be plural, and the number of
branch parts can be one, two, or four or more.

[0128] The data line DA, the driving power supply line
ELVDD, and the gate bridge GB described above are
positioned on the same layer and are formed of the same
material. Meanwhile, in another exemplary embodiment,
alternatively, the data line DA, the driving power supply line
ELVDD, and the gate bridge GB can be positioned on
different layers and be formed of different materials.
[0129] The initialization power supply line Vin is posi-
tioned on the second scan line Sn-1, and is connected to the
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fourth source electrode S4 of the fourth active pattern A4
through the contact hole. The initialization power supply
line Vin is positioned on the same layer as a layer on which
the first electrode E1 of the OLED is positioned and is
formed of the same material as that of the first electrode E1.
Meanwhile, in another exemplary embodiment, the initial-
ization power supply line Vin is positioned on a layer
different from the layer on which the first electrode E1 is
positioned and is formed of a material different from that of
the first electrode El.

[0130] The OLED includes the first electrode E1, an
organic emission layer OL, and a second electrode E2. The
first electrode E1 is connected to the sixth drain electrode D6
of the sixth thin film transistor T6 through the contact hole
CNT. The organic emission layer OL. is positioned between
the first electrode E1 and the second electrode E2. The
second electrode E2 is positioned on the organic emission
layer OL. One or more of the first electrode E1 and the
second electrode E2 can be any one of a light transmitting
electrode, a light reflective electrode, and a light transflec-
tive electrode, and light emitted from the organic emission
layer OL can be emitted toward any one or more of the first
electrode E1 and the second electrode E2.

[0131] A capping layer covering the OLED can be posi-
tioned on the OLED, and a thin film encapsulation layer or
an encapsulation substrate can be positioned on the OLED
with the capping layer interposed therebetween.

[0132] As described above, in the OLED display accord-
ing to an exemplary embodiment, each of the second gate
insulating layer GI2 and the third gate insulating layer GI3
covering the first channel region C1 of the first active pattern
Al includes the plurality of contact holes CNT, which are
the plurality of open holes OH overlapped with the first
channel region C1 simultaneously (or concurrently) with
neighboring to the first channel region C1. Therefore, since
heat treatment is performed on the first active pattern Al in
a state in which the second gate insulating layer GI2 covers
the first active pattern Al or in a state in which the second
gate insulating layer GI2 and the third gate insulating layer
GI3 cover the first active pattern Al, dangling bonds of the
first channel region C1 of the first active pattern Al by the
heat treatment are not smoothly removed. Therefore, tran-
sistor characteristics of the first thin film transistor T1
including the first active pattern Al are deteriorated, such
that a driving range of a gate voltage (Vgs) applied to the
first gate electrode G1 of the first thin film transistor T1,
which is a driving thin film transistor, is increased. As a
result, since a range of a driving current I ; supplied from the
first thin film transistor T1 to the OLED is increased, a
magnitude of the gate voltage (Vgs) applied to the first gate
electrode G1 is changed, thereby making it possible to
control light emitted from the OLED to have abundant
grays. That is, an OLED display in which display quality of
an image displayed by a plurality of OLEDs is improved is
provided.

[0133] In addition, in the OLED display according to an
exemplary embodiment, even though the first channel region
C1 of the first active pattern Al has a form in which it is
linearly extended, a driving range of the gate voltage applied
to the first gate electrode G1 is increased by the plurality of
open holes OH, such that a larger number of first thin film
transistors T1 can be formed in a predetermined area.
Therefore, a larger number of OLEDs can be formed in the
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predetermined area, thereby making it possible to manufac-
ture a high resolution OLED display in which a pixel per
inch (ppi) is increased.

[0134] As described above, even though the high resolu-
tion OLED display in which the pixel per inch (ppi) is
increased is manufactured, an OLED display in which the
driving range of the gate voltage (Vgs) of the first gate
electrode G1 of the first thin film transistor T1, which is the
driving thin film transistor connected to the OLED of each
pixel, is increased, such that grays of light emitted from the
OLED are increased, is provided.

[0135] Hereinafter, an OLED display according to another
exemplary embodiment will be described with reference to
FIG. 4. Hereinafter, components different from those of the
OLED display according to an exemplary embodiment
described above will be described.

[0136] FIG. 4 is a layout view showing one pixel of an
OLED display according to another exemplary embodiment.
[0137] As shown in FIG. 4, some of the plurality of open
holes OH of the OLED display according to another exem-
plary embodiment are overlapped with the first channel
region C1, and the others thereof are not overlapped with the
first channel region C1. The plurality of open holes OH
include a plurality of contact holes CNT exposing the first
gate electrode G1. All of the plurality of contact holes CNT
are overlapped with the first channel region C1. The plural-
ity of open holes OH can be selectively formed in each of the
first gate insulating layer, the second gate insulating layer,
and the third gate insulating layer.

[0138] In another exemplary embodiment, the plurality of
open holes OH include three contact holes CNT that are
overlapped with the first channel region C1 and four open
holes OH that are not overlapped with the first channel
region C1. However, the described technology is not limited
thereto. The number of open holes OH that are not over-
lapped with the first channel region C1 can be one, two,
three, or five or more, in yet another exemplary embodiment.

[0139] As described above, even though the high resolu-
tion OLED display in which the pixel per inch (ppi) is
increased is manufactured, an OLED display in which the
driving range of the gate voltage (Vgs) of the first gate
electrode G1 of the first thin film transistor T1, which is the
driving thin film transistor connected to the OLED of each
pixel, is increased by the plurality of open holes OH, such
that grays of light emitted from the OLED are increased, is
provided.

[0140] Hereinafter, an OLED display according to another
exemplary embodiment will be described with reference to
FIG. 5. Hereinafter, components different from those of the
OLED display according to an exemplary embodiment
described above will be described.

[0141] FIG. 5 is a layout view showing one pixel of an
OLED display according to another exemplary embodiment.

[0142] As shown in FIG. 5, some of the plurality of
contact holes CNT included in the plurality of open holes
OH of the OLED display according to another exemplary
embodiment are overlapped with the first channel region C1,
and the others thereof are not overlapped with the first
channel region C1. All of the plurality of open holes OH can
be the plurality of contact holes CNT exposing the first gate
electrode G1. Some of the plurality of contact holes CNT are
overlapped with the first channel region C1, and the others
thereof are not overlapped with the first channel region C1.
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The plurality of contact holes CNT can be formed in each of
the second gate insulating layer and the third gate insulating
layer.

[0143] In another exemplary embodiment, the plurality of
contact holes CNT include two contact holes CNT that are
overlapped with the first channel region C1 and one contact
hole CNT that is not overlapped with the first channel region
C1. However, the described technology is not limited
thereto. That is, in yet another exemplary embodiment, the
number of contact holes CNTs that are not overlapped with
the first channel region C1 can be plural.

[0144] As described above, even though the high resolu-
tion OLED display in which the pixel per inch (ppi) is
increased is manufactured, an OLED display in which the
driving range of the gate voltage (Vgs) of the first gate
electrode G1 of the first thin film transistor T1, which is the
driving thin film transistor connected to the OLED of each
pixel, is increased by the plurality of contact holes CNT,
which are the plurality of open holes OH, such that grays of
light emitted from the OLED are increased, is provided.
[0145] Hereinafter, an OLED display according to another
exemplary embodiment will be described with reference to
FIG. 6. Hereinafter, components different from those of the
OLED display according to an exemplary embodiment
described above will be described.

[0146] FIG. 6 is a layout view showing one pixel of an
OLED display according to another exemplary embodiment.
[0147] As shown in FIG. 6, all of the plurality of contact
holes CNT included in the plurality of open holes OH of the
OLED display according to another exemplary embodiment
are overlapped with the first channel region C1. All of the
plurality of open holes OH can be the plurality of contact
holes CNT exposing the first gate electrode G1. The plurality
of contact holes CNT can be formed in each of the second
gate insulating layer and the third gate insulating layer.
[0148] The number of branch parts BR of the gate bridge
GB is plural, and each of the plurality of branch parts BR is
branched from the stem part into each of the plurality of
contact holes CNT. Each of the plurality of branch parts BR
directly contacts the first gate electrode G1 through each of
the plurality of contact holes CNT. In an exemplary embodi-
ment, the number of stem part ST of the gate bridge GB is
one, the number of branch parts BR of the gate bridge GB
is two, and each of the two branch parts BR directly contacts
the first gate electrode G1 through each of two of three
contact holes CNT.

[0149] As described above, even though the high resolu-
tion OLED display in which the pixel per inch (ppi) is
increased is manufactured, an OLED display in which the
driving range of the gate voltage (Vgs) of the first gate
electrode G1 of the first thin film transistor T1, which is the
driving thin film transistor connected to the OLED of each
pixel, is increased by the plurality of contact holes CNT,
which are the plurality of open holes OH, such that grays of
light emitted from the OLED are increased, is provided.
[0150] Hereinafter, an OLED display according to another
exemplary embodiment will be described with reference to
FIGS. 7 and 8. Hereinafter, components different from those
of the OLED display according to an exemplary embodi-
ment described above will be described.

[0151] FIG. 7 is a layout view showing one pixel of an
OLED display according to another exemplary embodiment.
FIG. 8 is a cross-sectional view taken along line VIII-VIII of
FIG. 7.
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[0152] As shown in FIGS. 7 and 8, the first channel region
C1 of'the first active pattern Al of the first thin film transistor
T1 of the OLED display according to another exemplary
embodiment has a form in which it is bent once or more and
extended. The first channel region C1 is bent once or more
and extended within a space overlapped with the first gate
electrode G1, which is a limited space, such that the first
channel region C1 can be formed at a long length, thereby
making it possible to increase the driving range of the gate
voltage applied to the first gate electrode G1. Therefore, a
magnitude of a gate voltage applied to the first gate electrode
G1 is changed in the wide driving range to more minute
control grays of the light emitted from the OLED, thereby
making it possible to improve quality of an image displayed
from the OLED display. A shape of the first channel region
C1 of the first active pattern Al can be variously changed.
For example, a shape of the first channel region C1 is
changed into various shapes such as a ‘reverse S shape’, an
‘S’ shape, an ‘M’ shape, a ‘W’ shape, and the like.

[0153] Some of the plurality of open holes OH are over-
lapped with the first channel region C1, and the others
thereof are not overlapped with the first channel region C1.
The plurality of open holes OH include contact holes CNT
exposing the first gate electrode G1. The contact holes CNT
are overlapped with the first channel region C1. The plural-
ity of open holes OH are formed in each of the second gate
insulating layer GI2 and the third gate insulating layer GI3
so as to be in communication with each other.

[0154] As described above, an OLED display in which the
driving range of the gate voltage (Vgs) of the first gate
electrode G1 of the first thin film transistor T1, which is the
driving thin film transistor connected to the OLED of each
pixel, is further increased by the plurality of open holes OH
and the form in which the first channel region C1 of the first
active pattern Al is extended, such that grays of the light
emitted from the OLED are further increased, is provided.
[0155] Hereinafter, an OLED display according to another
exemplary embodiment will be described with reference to
FIG. 9. Hereinafter, components different from those of the
OLED display according to another exemplary embodiment
described above will be described.

[0156] FIG. 9 is a cross-sectional view showing an OLED
display according to another exemplary embodiment.
[0157] As shown in FIG. 9, some of the plurality of open
holes OH of the OLED display according to another exem-
plary embodiment are overlapped with the first channel
region C1, and the others thereof are not overlapped with the
first channel region C1. The plurality of open holes OH
include contact holes CNT exposing the first gate electrode
G1. The contact holes CNT are overlapped with the first
channel region C1. Some of the plurality of open holes OH
are formed in each of the second gate insulating layer GI2
and the third gate insulating layer GI3 so as to be in
communication with each other, and the others thereof are
formed in the first gate insulating layer GI1 positioned
between the first active pattern A1 and the first gate electrode
G1. That is, each of the first gate insulating layer GI1, the
second gate insulating layer GI2, and the third gate insulat-
ing layer GI3 includes one or more open holes OH.

[0158] As described above, in the OLED display accord-
ing to another exemplary embodiment, each of the first gate
insulating layer GI1, the second gate insulating layer GI2,
and the third gate insulating layer GI3 covering the first
channel region C1 of the first active pattern A1 includes the
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plurality of open holes OH neighboring to the first channel
region C1. Therefore, since heat treatment is performed on
the first active pattern Al in a state in which the first gate
insulating layer GI1 covers the first active pattern Al, in a
state in which the first gate insulating layer GI1 and the
second gate insulating layer GI2 cover the first active pattern
Al, or in a state in which the first gate insulating layer GT1,
the second gate insulating layer GI2, and the third gate
insulating layer GI3 cover the first active pattern Al, dan-
gling bonds of the first channel region C1 of the first active
pattern Al by the heat treatment are not smoothly removed.
Therefore, transistor characteristics of the first thin film
transistor T1 including the first active pattern Al are dete-
riorated, such that a driving range of a gate voltage (Vgs)
applied to the first gate electrode G1 of the first thin film
transistor T1, which is a driving thin film transistor, is
increased. As a result, since a range of a driving current 1,
supplied from the first thin film transistor T1 to the OLED
is increased, a magnitude of the gate voltage (Vgs) applied
to the first gate electrode G1 is changed, thereby making it
possible to control light emitted from the OLED to have
abundant grays. That is, an OLED display in which display
quality of an image displayed by a plurality of OLEDs
OLED is improved is provided.

[0159] As described above, an OLED display in which the
driving range of the gate voltage (Vgs) of the first gate
electrode G1 of the first thin film transistor T1, which is the
driving thin film transistor connected to the OLED of each
pixel, is further increased by the plurality of open holes OH,
such that grays of the light emitted from the OLED are
further increased, is provided.

[0160] While the inventive technology has been described
in connection with what is presently considered to be
practical exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifica-
tions and equivalent arrangements included within the spirit
and scope of the appended claims.

What is claimed is:

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

a substrate;

a first thin film transistor (TFT) formed over the substrate
and including a first active pattern, wherein the first
active pattern includes a channel region and a first gate
electrode formed over the channel region;

a gate insulating layer formed over the first active pattern
and including a plurality of openings formed adjacent
to the channel region of the first active pattern; and

an OLED electrically connected to the first active pattern.

2. The OLED display of claim 1, wherein at least one of
the openings overlap the channel region.

3. The OLED display of claim 2, wherein at least one of
the openings does not overlap the channel region.

4. The OLED display of claim 1, wherein the gate
insulating layer covers the first gate electrode.

5. The OLED display of claim 4, wherein the openings
include one or more contact holes formed over the first gate
electrode.

6. The OLED display of claim 5, wherein more than one
of the contact holes are formed, and wherein at least one of
the contact holes overlap the channel region of the first
active pattern.
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7. The OLED display of claim 5, wherein more than one
of the contact holes are formed, wherein some of the contact
holes overlap the channel region, and wherein the other
contact holes do not overlap the channel region.

8. The OLED display of claim 5, further comprising:

a second thin film transistor including i) a second active
pattern electrically connected to a first end portion of
the first active pattern and ii) a second gate electrode
formed over the second active pattern;

a data line formed over the gate insulating layer and
electrically connected to the second active pattern;

a third thin film transistor including i) a third active
pattern electrically connected to a second end portion
of the first active pattern and ii) a third gate electrode
formed over the third active pattern; and

a gate bridge formed over the gate insulating layer,
configured to electrically connect the third active pat-
tern to the first gate electrode, and directly connected to
the first gate electrode through the contact hole.

9. The OLED display of claim 8, wherein more than one
of the contact holes are formed, and wherein the gate bridge
includes:

one stem part connected to the third active pattern; and

a plurality of branch parts branching from the stem part
into each of the contact holes to each contact the first
gate electrode via the contact holes.

10. The OLED display of claim 8, further comprising:

a first scan line formed over the second and third active
patterns and electrically connected to the second gate
electrode and the third gate electrode; and

a driving power supply line formed adjacent to the data
line on the first scan line and electrically connected to
the first active pattern.

11. The OLED display of claim 10, further comprising a
capacitor electrode electrically connected to the driving
power supply line, formed over the first gate electrode, and
overlapping the first gate electrode to form a capacitor
together with the first gate electrode.

12. The OLED display of claim 11, wherein each of the
first gate electrode and the capacitor electrode is formed of
a metal.

13. The OLED display of claim 10, further comprising;

a fourth thin film transistor electrically connected to the
third active pattern and including a fourth active pattern
electrically connected to the first gate electrode via the
gate bridge and a fourth gate electrode formed over the
fourth active pattern;

a second scan line formed over the fourth active pattern
and electrically connected to the fourth gate electrode;
and

an 1initialization power supply line electrically connected
to the fourth active pattern.

14. The OLED display of claim 13, further comprising;

a fifth thin film transistor including i) a fifth active pattern
configured to electrically connect the first active pattern
to the driving power supply line and ii) a fifth gate
electrode formed over the fifth active pattern;

a sixth thin film transistor including 1) a sixth active
pattern configured to electrically the first active pattern
to the OLED and ii) a sixth gate electrode formed over
the sixth active pattern; and

a light emitting control line formed over each of the fifth
active pattern and the sixth active pattern and electri-
cally connected to the fifth and sixth gate electrodes.
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15. The OLED display of claim 14, further comprising:

a seventh thin film transistor including a seventh active
pattern electrically connected to the fourth active pat-
tern and a seventh gate electrode formed over the
seventh active pattern; and

a third scan line formed over the seventh active pattern

and electrically connected to the seventh gate electrode.

16. The OLED display of claim 1, wherein the gate
insulating layer is interposed between the first active pattern
and the first gate electrode.

17. The OLED display of claim 1, wherein two or more
of the openings do not overlap the channel region.

18. The OLED display of claim 1, wherein the gate
insulating layer includes: a first gate insulating layer cover-
ing the channel region of the first active pattern and ii)
second and third gate insulating layers formed over the first
gate insulating layer and the first gate electrode, and wherein
the openings are formed in the second and third gate
insulating layers.

19. The OLED display of claim 1, wherein the first active
pattern further includes source and drain electrodes, and
wherein the channel region of the first active pattern linearly
extending from the source electrode to the drain electrode
has a substantially uniform width.

20. The OLED display of claim 1, wherein the channel
region of the first active pattern is bent at least once.
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