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(7) ABSTRACT

A thin film transistor array substrate includes: a driving thin
film transistor including an active layer having a bent shape,
where the active layer includes: a first active pattern extend-
ing substantially in a first direction; and a second active
pattern extending substantially in a second direction perpen-
dicular to the first direction and connected to the first active
pattern, and a gate electrode disposed on the active layer,
where gate electrode overlaps the first active pattern and
exposes the second active pattern; and a capacitor including a
first electrode defined by the gate electrode of the driving thin
film transistor, and a second electrode disposed on the first
electrode, where the second electrode overlaps substantially
an entire surface of the first electrode.

20 Claims, 9 Drawing Sheets
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THIN FILM TRANSISTOR ARRAY
SUBSTRATE HAVING NON LINEAR ACTIVE
LAYER AND ORGANIC LIGHT EMITTING
DISPLAY APPARATUS INCLUDING THE
SAME

This application claims priority to Korean Patent Applica-
tion No. 10-2013-0085696, filed on Jul. 19, 2013, and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tent of which in its entirety is herein incorporated by refer-
ence.

BACKGROUND

1. Field

One or more exemplary embodiments of the invention
relate a thin film transistor (“TFT”) array substrate and an
organic light emitting display apparatus including the TFT
array.

2. Description of the Related Art

Recently, an organic light emitting display apparatus is
widely used as a display apparatus for displaying an image.

The organic light emitting display apparatus typically
includes a pixel circuit connected to a plurality of signal lines
disposed on a substrate, and an organic light emitting diode
(“OLED”) connected to the pixel circuit.

Since an active layer that defines a source, a drain and a
channel of an amorphous silicon thin film transistor (“a-Si
TFT”) used in the pixel circuit includes amorphous silicon,
the a-Si TFT has low electron mobility lower than or equal to
1 square centimeter per volt second (cm*/Vs). Accordingly,
recently, the a-Si TFT is being replaced by a polycrystalline
silicon TFT (“poly-Si TFT”). The poly-Si TFT has high elec-
tron mobility and excellent stability to light irradiation com-
pared to the a-Si TFT. Thus, the poly-Si TFT may be effec-
tively used as an active layer of a driving and/or switching
TFT of the organic light emitting display apparatus.

Poly-Si may be manufactured via any one of various meth-
ods. Among the various methods, large panel crystallization
may be performed using an excimer laser annealing (“ELA”)
method.

SUMMARY

One or more exemplary embodiments of the invention
provides a thin film transistor array substrate and an organic
light emitting display apparatus including the thin film tran-
sistor array substrate, where a stain generated in channel
region of an active layer on the thin film transistor array
substrate during panel crystallization using an excimer laser
annealing (“ELA”) method is effectively prevented.

Additional aspects will be set forth in part in the description
which follows and, in part, will be apparent from the descrip-
tion, or may be learned by practice of the presented embodi-
ments.

According to one or more exemplary embodiments of the
invention, a thin film transistor array substrate includes: a
driving thin film transistor including: an active layer having a
bent shape, where the active layer includes: a first active
pattern extending substantially in a first direction; and a sec-
ond active pattern extending substantially in a second direc-
tion perpendicular to the first direction and connected to the
first active pattern; and a gate electrode disposed on the active
layer, where gate electrode overlaps the first active pattern
and exposes the second active pattern; and a capacitor includ-
ing: a first electrode defined by the gate electrode of the
driving thin film transistor; and a second electrode disposed
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on the first electrode, where the second electrode overlaps
substantially an entire surface of the first electrode.

In an exemplary embodiment, a hole may be defined in a
region of the gate electrode corresponding to the second
active pattern.

In an exemplary embodiment, an opening may be defined
in the second electrode of the capacitor.

In an exemplary embodiment, the thin film transistor array
substrate may further include: a first insulating film which
covers the active layer; a second insulating film which covers
the first electrode ofthe capacitor; and an interlayer insulating
film which covers the second electrode of the capacitor.

In an exemplary embodiment, the thin film transistor array
substrate may further include a connection wiring disposed
on the interlayer insulating film, where the connection wire
connects the first electrode of the capacitor and a thin film
transistor through a contact hole defined through the second
insulating film and the interlayer insulating film in a region
corresponding to the opening in the second electrode of the
capacitor.

In an exemplary embodiment, the thin film transistor array
substrate may further include: a compensation thin film tran-
sistor which compensates a threshold voltage of the driving
thin film transistor; and an initialization thin film transistor
which transmits an initialization voltage to the gate electrode
of the driving thin film transistor.

In an exemplary embodiment, a gate electrode of the com-
pensation thin film transistor and a gate electrode of the
initialization thin film transistor may be disposed in a same
layer as the first electrode of the capacitor.

In an exemplary embodiment, the thin film transistor array
substrate may further include a driving voltage line disposed
in a same layer as the connection wiring and connected to the
second electrode of the capacitor, where the driving voltage
line transmits a driving voltage to the second electrode of the
capacitor.

In an exemplary embodiment, the active layer may include
a crystallized semiconductor material.

According to one or more exemplary embodiments of the
invention, a thin film transistor array substrate includes: a
driving thin film transistor defined by a plurality of thin film
transistors connected in series, where the driving thin film
transistor includes: an active layer including: a plurality of
channel regions extending substantially in a first direction;
and a plurality of nodes extending substantially in a second
direction perpendicular to the first direction, where the plu-
rality of nodes connects the plurality of channel regions; and
a gate electrode disposed overlapping the plurality of channel
regions, where the gate electrode exposes the plurality of
nodes; and a capacitor including; a first electrode defined by
the gate electrode of the driving thin film transistor; and a
second electrode disposed on the first electrode, where the
second electrode overlaps the driving thin film transistor.

In an exemplary embodiment, a cut-out may be defined in
aregion of the gate electrode corresponding to the plurality of
nodes, where the cut-out extends from a side of the gate
electrode.

In an exemplary embodiment, a hole may be defined in the
region of the gate electrode corresponding to the plurality of
nodes.

According to one or more exemplary embodiments of the
invention, an organic light emitting display apparatus
includes: a driving thin film transistor including: an active
layer having a bent shape, where the active layer includes: a
first active pattern extending substantially in a first direction;
and a second active pattern extending substantially in a sec-
ond direction perpendicular to the first direction and con-
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nected to the first active pattern; and a gate electrode disposed
on the active layer, where the gate electrode overlaps the
active layer and exposes the second active pattern; a capacitor
including: a first electrode defined by the gate electrode; and
a second electrode disposed on the first electrode, where the
second electrode overlaps substantially an entire surface of
the first electrode; and an organic light emitting diode which
emits light by receiving a driving current from the driving thin
film transistot.

In an exemplary embodiment, a hole may be defined in the
region of the gate electrode corresponding to the second
active pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other features will become apparent and more
readily appreciated from the following description of the
embodiments, taken in conjunction with the accompanying
drawings, in which:

FIG. 1 is an equivalent circuit diagram of a pixel of an
exemplary embodiment of an organic light emitting display
apparatus, according to the invention;

FIG. 2 is a plan view of a pixel circuit of the pixel of FIG.
1

FIGS. 3 through 6 are plan views showing an exemplary
embodiment of a method of forming the pixel circuit of the
pixel of FIGS. 1 and 2;

FIG. 7A is a plan view of an exemplary embodiment of a
driving thin film transistor (“TFT”) and a storage capacitor,
according to the invention;

FIG. 7B is a cross-sectional view taken along line B-B' of
FIG. 7A;

FIG. 7C is an equivalent circuit diagram of the driving TFT
of FIG. 7A;

FIG. 8 is a diagram showing a crystallization of a semicon-
ductor layer in an exemplary embodiment of the driving TFT
via an excimer laser annealing (“ELA”) method, according to
the invention; and

FIG. 9 is a plan view of an alternative exemplary embodi-
ment of a driving TFT and a storage capacitor, according to
the invention.

DETAILED DESCRIPTION

The invention will be described more fully hereinafter with
reference to the accompanying drawings, in which embodi-
ments of the invention are shown. This invention may, how-
ever, be embodied in many different forms, and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. Like refer-
ence numerals refer to like elements throughout.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled to”
another element or layer, the element or layer can be directly
on, connected or coupled to the other element or layer or
intervening elements or layers may be present. In contrast,
when an element is referred to as being “directly on,”
“directly connected to” or “directly coupled to” another ele-
ment or layer, there are no intervening elements or layers
present. Like numbers refer to like elements throughout. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items.

Tt will be understood that, although the terms first, second,
third, etc., may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
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components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer ot section
without departing from the teachings of the invention.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation, in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. 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. It will be
further understood that the terms “includes” and/or “includ-
ing.” when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, ele-
ments, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

Embodiments of the invention are described herein with
reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing. For example, a region illustrated or
described as flat may, typically, have rough and/or nonlinear
features. Moreover, sharp angles that are illustrated may be
rounded. Thus, the regions illustrated in the figures are sche-
matic in nature and their shapes are not intended to illustrate
the precise shape of a region and are not intended to limit the
scope of the claims set forth herein.

All methods described herein can be performed in a suit-
able order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.
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Hereinafter, exemplary embodiments of the invention will
be described in further detail with reference to accompanying
drawings.

FIG. 1 is an equivalent circuit diagram of a pixel 1 of an
exemplary embodiment of an organic light emitting display
apparatus, according to the invention, and FIG. 2 is a plan
view of a pixel circuit 2 of the pixel 1 of FIG. 1.

In an exemplary embodiment, the organic light emitting
display apparatus includes a plurality of pixels arranged sub-
stantially in a matrix form and connected to a plurality of scan
lines and a plurality of data lines.

The pixel 1 shown in FIGS. 1 and 2 is one of the pixels
arranged in an n-th pixel row, and are connected to a first scan
line SLn corresponding to the n-th pixel row and a second
scan line SLn-1 corresponding to an (n-1)-th pixel row before
the n-th pixel row. In an exemplary embodiment, as shown in
FIG. 1, the pixel 1 may be connected to a scan line corre-
sponding to a corresponding pixel row and a scan line of a
previous pixel row, but not being limited thereto. In an alter-
native exemplary embodiment, the pixel 1 may be connected
to any two of the scan lines.

In an exemplary embodiment, the pixel 1 of the organic
light emitting display apparatus includes the pixel circuit 2
including a plurality of thin film transistors (“TFI’s) and a
storage capacitor Cst. In such an embodiment, the pixel 1
further includes an organic light emitting diode OLED that
emits light by receiving a driving current through the pixel
circuit 2.

In an exemplary embodiment, as shownin FIG. 1, the TFTs
of the pixel circuit 2 include a driving TFT T1, a switching
TFT T2, a compensation TFT T3, an initialization TFT T4, a
first light emission control TFT T5 and a second light emis-
sion control TFT T6.

The pixel 1 includes the first scan line SLn for transmitting
a first scan signal Sn to the switching TFT T2 and the com-
pensation TEFT T3, the second scan line SLn-1 for transmit-
ting a second scan signal Sn-1 constituting a previous scan
signal to the initialization TFT T4, a light emission control
line ELn for transmitting a light emission control signal En to
the first light emission control TFT T5 and the second light
emission control TFT T6, a data line DLm for transmitting a
data signal Dm, which is crossing the first scan line SLn, a
driving voltage line PL for transmitting a first power voltage
ELVDD and extending substantially parallel to the data line
DLm, and an initialization voltage line VL for transmitting an
initialization voltage Vint for initializing the driving TFT T1
and extending substantially parallel to the second scan line
SLa-1.

In an exemplary embodiment, as shown in FIG. 2, the
driving TFT T1, the switching TFT T2, the compensation
TFT T3, the initialization TFT T4, the first light emission
control TFT T5 and the second light emission control TFT T6
are disposed along an active layer 112, where the active layer
112 is bent in any one of various shapes. The active layer 112
includes polysilicon, and includes a channel region on which
an impurity is not doped, and source and drain regions pro-
vided by doping impurities on both sides of the channel
region. In such an embodiment, the impurities may be deter-
mined based on a type of TFT. In an exemplary embodiment,
the impurities may be an N-type impurity or a P-type impu-
rity, for example.

In an exemplary embodiment, as shown in FIGS. 1 and 2,
a gate electrode G1 of the driving TFT T1 is connected to a
first electrode Cstl of the storage capacitor Cst. A source
electrode S1 of the driving TFT T1 is connected to the driving
voltage line PL through the first light emission control TFT
T5. A drain electrode D1 of the driving TFT T1 is electrically
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6
connected to an anode of the organic light emitting diode
OLED through the second light emission control TFT T6. The
driving TFT T1 receives the data signal Dm based on a
switching operation of the switching TFT T2, and supplies a
driving current loled to the organic light emitting diode
OLED.

In such an embodiment, a gate electrode G2 of the switch-
ing TFT T2 is connected to the first scan line SLn. A source
electrode S2 of the switching TFT T2 is connected to the data
line DLm. A drain electrode D2 of the switching TFT T2 is
connected to the source electrode S1 of the driving TFT T1
and is connected to the driving voltage line PL through the
first light emission control TFT T5. The switching TFT T2 is
turned on based on the first scan signal Sn received through
the first scan line SLn, and performs a switching operation for
transmitting the data signal Dm transmitted to the data line
DLm to the source electrode S1 of the driving TFT T1.

In such an embodiment, a gate electrode G3 of the com-
pensation TFT T3 is connected to the first scan line SLn. A
source electrode S3 of the compensation TFT T3 is connected
to the drain electrode D1 of the driving TFT T1, and is
connected to the anode of the organic light emitting diode
OLED through the second light emission control TFT T6. A
drain electrode D3 of the compensation TFT T3 is connected
to the first electrode Cstl of the storage capacitor Cst, a drain
electrode D4 of the initialization TFT T4 and the gate elec-
trode G1 of the driving TFT T1. The compensation TFT T3 is
turned on based on the first scan signal Sn received through
the first scan line SLn, and diode-connects the driving TFT by
connecting the gate electrode G1 and the drain electrode D1
of the driving TFT T1.

In such an embodiment, a gate electrode G4 of the initial-
ization TFT T4 is connected to the second scan line SLn-1. A
source electrode S4 of the initialization TFT T4 is connected
to the initialization voltage line VL. The drain electrode D4 of
the initialization TFT T4 is connected to the first electrode
Cstl of the storage capacitor Cst, the drain electrode D3 of the
compensation TFT T3 and the gate electrode G1 of the driv-
ing TFT T1. The initialization TFT T4 is turned on based on
the second scan signal Sn-1 received through the second scan
line SLn-1, and performs an initialization operation for ini-
tializing a voltage of the gate electrode G1 of the driving TFT
T1 by transmitting the initialization voltage Vint to the gate
electrode G1 of the driving TFT T1.

In such an embodiment, a gate electrode G5 of the fifth
light emission control TFT T5 is connected to the light emis-
sion control line ELn. A source electrode S5 of the first light
emission control TFT T5 is connected to a driving voltage line
PL. A drain electrode D5 of the first light emission control
TFT T5 is connected to the source electrode S1 of the driving
TFT T1 and the drain electrode D2 of the switching TFT T2.

In such an embodiment, a gate electrode G6 of the second
light emission control TFT T6 is connected to the light emis-
sion control line ELn. A source electrode S6 of the second
light emission control TFT T6 is connected to the drain elec-
trode D1 of the driving TFT T1 and the source electrode S3 of
the compensation TFT T3. A drain electrode D6 of the second
light emission control TFT T6 is electrically connected to the
anode of the organic light emitting diode OLED. The first
light emission control TFT T5 and the second light emission
control TFT T6 are simultaneously turned on based on the
light emission control signal En received through the light
emission control line ELn, and thus the first power voltage
ELVDD is transmitted to the organic light emitting diode
OLED such that the driving current loled flows through the
organic light emitting diode OLED.
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In such an embodiment, a second electrode Cst2 of the
storage capacitor Cst is connected to the driving voltage line
PL. The first electrode Cstl of the storage capacitor Cst is
connected to the gate electrode G1 of the driving TFT T1, the
drain electrode D3 of the compensation TFT T3 and the drain
electrode D4 of the initialization TFT T4.

In such an embodiment, a cathode of the organic light
emitting diode OLED is connected to a second power voltage
ELVSS source. The organic light emitting diode OLED dis-
plays an image by emitting light upon receiving the driving
current loled from the driving TFT T1. The first power voltage
ELVDD may be a high level voltage, and the second power
voltage FLVSS may be a voltage lower than the first power
voltage ELVDD or may be a ground voltage.

Operations of the pixel 1 of an exemplary embodiment of
the organic light emitting display apparatus, according to the
invention, will now be described in detail.

In an exemplary embodiment, the second scan signal Sn-1
at a low level is supplied through the second scan line SL.n-1
during an initialization period. Then, the initialization TFT
T4 is turned on by the second scan signal Sn-1 at the low level,
the initialization voltage Vint is transferred to the gate elec-
trode G1 of the driving TFT T1 from the initialization voltage
line VL through the initialization TFT T4, and the driving
TFT T1 is initialized by the initialization voltage Vint.

In an exemplary embodiment, the first scan signal Sn at a
low level is supplied through the first scan line SLn during a
data programming period. Accordingly, the switching TFT
T2 and the compensation TFT T3 are turned on by the first
scan signal Sn at the low level.

In such an embodiment, the driving TFT T1 is diode-
connected by the turned-on compensation TFT T3, and is
biased in a forward direction.

Accordingly, a compensation voltage (Dm+Vth) obtained
by adding a threshold voltage (Vth) of the driving TFT T1 to
the data signal Dm supplied from the data line DLm is applied
to the gate electrode G1 of the driving TFT T1. In such an
embodiment, Vth may be a negative value.

The first power voltage ELVDD and the compensation
voltage (Dm+Vth) are respectively applied to two ends (e.g.,
the first and second electrodes Cts1 and Cst2) of the storage
capacitor Cst, and a charge corresponding to a difference
between the first power voltage ELVDD and the compensa-
tion voltage (Dm+Vth) is stored in the storage capacitor Cst.
Then, the light emission control signal En supplied from the
light emission control line ELn is changed from a high level
to a low level. Accordingly, the first light emission control
TFT T5 and the second light emission control TFT T6 are
turned on by the light emission control signal En at the low
level during a light emission period.

Then, the driving current loled is generated based on a
voltage difference between a voltage of the gate electrode G1
of the driving TFT T1 and the first power voltage ELVDD,
and is supplied to the organic light emitting diode OLED
through the second light emission control TFT T6. A gate-
source voltage (Vgs) of the driving TFT T1 is maintained at a
voltage of (Dm+Vth)-ELVDD by the storage capacitor Cst
during the light emission period, and the driving current loled
is substantially proportional to a voltage of (Dm-ELVDD)?,
i.e., a square of a voltage obtained by subtracting the thresh-
old voltage Vth from the source-gate voltage (Vgs), corre-
sponding to a current-voltage relation of the driving TFT T1.
Accordingly, the driving current loled is determined indepen-
dently of the threshold voltage (Vth) of the driving TFT T1.

FIGS. 3 through 6 are plan views showing an exemplary
embodiment of a method of forming the pixel circuit of the
pixel 1 of FIGS. 1 and 2.
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Referring to FIG. 3, the active layer 112 of the pixel 1 is
provided, e.g., formed. on a substrate. The active layer 112
may be formed by depositing a semiconductor layer on the
substrate, and patterning and crystallizing the semiconductor
layer along an active layer pattern. In an exemplary embodi-
ment, the semiconductor layer may be first patterned and then
crystallized, or vice versa. Crystallization may be performed
via any one of various methods, such as a rapid thermal
annealing (“RTA”) method, a solid phase crystallization
(“SPC”) method, an excimer laser annealing (“ELA™)
method, a metal induced crystallization (“MIC”) method, a
metal induced lateral crystallization (“MILC”) method, a
sequential lateral solidification (“SLS”) method, and an
advanced sequential lateral solidification (“ASLS”) method,
for example.

In an alternative exemplary embodiment, a buffer layer
(not shown) may be further provided on the substrate before
providing the active layer 112,

ATFT of the pixel circuit 2 is formed along the active layer
112. In an exemplary embodiment, active layers Al through
A6 of the driving TFT T1, the switching TFT T2, the com-
pensation TFT T3, the initialization TFT T4, the first light
emission control TFT T5 and the second light emission con-
trol TFT T6 are provided on the active layer 112.

The active layer 112 may have a bent structure including in
any one of various shapes. In an exemplary embodiment, the
active layer A1 of the driving TFT T1 may be a plurality of
bent portions in an ‘S’ shape. In an alternative exemplary
embodiment, the active layer Al of the driving TFT T1 may
have a plurality of bent portions in a ‘=’ shape, ‘M’ shape,
‘W’ shape or a zigzag shape.

According to an exemplary embodiment of the invention,
by providing the active layer A1 of the driving TFT T1 to have
a bent structure, instead of providing the active layer Al ina
straight line, a length of the active layer Al provided in a
predetermined space may be increased. In such an embodi-
ment, a channel region of the active layer A1 may be long,
such that a driving range of a gate voltage applied to the gate
electrode G1 may be wide. In such an embodiment, where the
driving range of the gate voltage is wide, a grayscale of light
emitted from the organic light emitting diode OLED may be
further precisely controlled by changing a size of the gate
voltage, thereby increasing resolution and display quality of
the organic light emitting display apparatus.

A first gate insulating film is provided, e.g., formed, on the
substrate where the active layer 112 is provided. The first gate
insulating film may include an organic insulating material or
an inorganic insulating material, or may have a multilayer
structure in which an organic insulating material and an inor-
ganic insulating material are alternately stacked on each
other.

Referring to FIG. 4, a first gate conductive layer is pro-
vided, e.g., formed, on the first gate insulating film. The first
gate conductive layer includes the first scan line SLn, the
second scan line SLn-1, the light emission control line ELn
and the first electrode Cstl of the storage capacitor Cst. The
first gate conductive layer may include a low resistance metal
material, such as aluminum (A1) or copper (Cu), for example.

A portion of the first scan line SLn operates as the gate
electrode G2 of the switching TFT T2, and a portion protrud-
ing and extending from the first scan line SLn operates as the
gate electrode G3 of the compensation TFT T3. A portion
protruding and extending from the second scan line SLn-1
operates as the gate electrode G4 of the initialization TFT T4.
A portion of the light emission control line ELn operates as
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the gate electrode G6 of the second light emission control
TFT T6 and the gate electrode G5 of the first light emission
control TFT T5.

The first electrode Cstl of the storage capacitor Cst opet-
ates as the gate electrode G1 of the driving TFT T1. The first
electrode Cstl of the storage capacitor Cst is separated from
the first scan line SLn, the second scan line SLn-1 and the
light emission control line ELn, and overlaps the channel
region of the active layer Al of the driving TFT T1 in a form
of a floating electrode. The first electrode Cst1 of the storage
capacitor Cst has substantially a rectangular shape from
which a region corresponding to an active pattern of a vertical
component is cut-out or removed from the active layer A1 of
the driving TFT T1. Accordingly, in such an embodiment, a
cut-out is defined (e.g., formed) in the first electrode Cstl of
the storage capacitor Cst.

In an exemplary embodiment, a second gate insulating film
is provided, e.g., formed, on the substrate where the first gate
conductive layer is provided. The second gate insulating film
operates as a dielectric material of the storage capacitor Cst.
The second gate insulating film may include an organic insu-
lating material or an inorganic insulating material, or may
have a multilayer structure in which an organic insulating
material and an inorganic insulating material are alternately
stacked on each other.

Then, the active layer 112 on the substrate, where the first
gate conductive layer is provided, is doped with an impurity
such that a channel region is provided on a portion of the
active layers A1 through A6, where the impurity is not doped,
and source and drain regions are provided on both sides of the
channel region in the active layers Al through A6, where the
impurity is doped. In such an embodiment, the impurity may
be determined based on a type of a TFT. In such an embodi-
ment, the impurity may be an N-type or P-type impurity.

The source and drain regions where the active layer A1 of
the driving TFT T1 is doped with the impurity correspond to
the source electrode S1 and the drain electrode D1, respec-
tively. The source and drain regions where the active layer A2
of the switching TFT T2 is doped with the impurity corre-
spond to the source electrode 82 and the drain electrode D2,
respectively. The source and drain regions where the active
layer A3 of the compensation TFT T3 is doped with the
impurity correspond to the source electrode S3 and the drain
electrode D3, respectively. The source and drain regions
where the active layer A4 of the initialization TFT T4 is doped
with the impurity correspond to the source electrode S4 and
the drain electrode D4, respectively. The source and drain
regions where the active layer AS of the first light emission
control TFT T5 is doped with the impurity is doped corre-
spond to the source electrode 85 and the drain electrode D5,
respectively. The source and drain regions where the active
layer A6 ofthe second light emission control TFT T6 is doped
with the impurity correspond to the source electrode S6 and
the drain electrode D6, respectively.

Referring to FIG. 5, a second gate conductive layer is
provided, e.g., formed, on the second gate insulating film. The
second gate conductive layer may include the second elec-
trode Cst2 of the storage capacitor Cst. In such an embodi-
ment, the second gate conductive layer may include a low
resistance metal material, such as Al or Cu, for example.

In such an embodiment, the second electrode Cst2 is pro-
vided to overlap the entire first electrode Cstl, thereby pro-
viding the storage capacitor Cst. Accordingly, the storage
capacitor Cst perpendicularly overlaps the driving TFT T1,
that is, overlaps when viewed from a top view. In such an
embodiment, the storage capacitor Cst is provided to overlap
the active layer A1 of the driving TFT T1 to obtain a space for
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the storage capacitor Cst, which is reduced by the active layer
Al of the driving TFT T1, which has a bent shape, such that
storage capacitance in high resolution may be provided. The
second electrode Cst2 of the storage capacitor Cst may have
a mesh structure as adjacent pixels in horizontal and vertical
directions are connected to each other. A first opening H1 may
be formed in a portion of the second electrode Cst2 of the
storage capacitor Cst. The first opening H1 overlaps the first
electrode Cstl of the storage capacitor Cst.

An overlay deviation between the first and second elec-
trodes Cstl and Cst2 of the storage capacitor Cst may occur
during a manufacturing process of the organic light emitting
display apparatus. Here, when two or more layers are pro-
vided to overlap each other, and each layer is shifted in a top,
bottom, left or right direction, an overlapping region differs
from a predetermined overlapping region that is initially
designed, and the overlay deviation means a difference
between such overlapping regions. The overlay deviation
may occur due to misalignment between a substrate and a
mask or between a substrate and a stepper while providing a
conductive layer throughout the substrate and patterning the
conductive layer via a photolithography process. Such an
overlay deviation may be generated within an error range of a
process apparatus in a system that simultaneously manufac-
tures a massive amount of large panels. When an overlay
deviation is generated in the first and second electrodes Cstl
and Cst2 of the storage capacitor Cst, capacitance is different
from a predetermined value that is initially designed. When
the capacitance is different from the predetermined value, a
low grayscale stain or color distortion may occur, and the
quality of the organic light emitting display apparatus may be
substantially deteriorated.

According to an exemplary embodiment of the invention,
when the first opening H1 is formed in the second electrode
Cst2 of the storage capacitor Cst, the second electrode Cst2
overlaps the entire first electrode Cstl, and thus even when an
overlay deviation is generated in the first and second elec-
trodes Cstl and Cst2, the capacitance may be maintained
substantially constant.

Next, aninterlayer insulating film is provided, e.g., formed,
on the substrate where the second gate conductive layer is
provided. In such an embodiment, the interlayer insulating
film may include an organic insulating material or an inor-
ganic insulating material, or may have a multilayer structure
in which an organic insulating material and an inorganic
insulating material are alternately stacked on each other.

Referring to FIG. 6, a data line DL, the driving voltage line
PL, a connection wiring 120 that connects a first contact hole
Cntl and a second contact hole Cnt2, and first and second
cover metals CM1 and CM2 that cover sixth and seventh
contact holes Cnt6 and Cnt7, respectively, are provided on the
substrate where the interlayer insulating film is provided.

The data line DL is provided, e.g., disposed, substantially
in a horizontal direction on the left or right side of a pixel. The
data line DL is connected to the switching TFT T2 through a
fourth contact hole Cnt4 exposing the source region of the
switching TFT T2 by being formed through the first gate
insulating film, the second gate insulating film and the inter-
layer insulating film.

The driving voltage line PL is adjacently provided, e.g,,
disposed, to the data line DL substantially in the horizontal
direction on the left or right side of the pixel. The driving
voltage line PL is connected to the second electrode Cst2 of
the storage capacitor Cst through a third contact hole Cnt3
exposing a part of the second electrode Cst2 by being formed
through the interlayer insulating film. Also, the driving volt-
age line PL is connected to the first light emission control TFT
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T5 through a fifth contact hole Cnt5 exposing the source
region of the first light emission control TFT T5 by being
formed through the first gate insulating film, the second gate
insulating film and the interlayer insulating film.

The connection wiring 120 connects the first electrode
Cstl of the storage capacitor Cst to the compensation TFT T3
and the initialization TFT T4. The connection wiring 120
penetrates through the first opening H1 of the second elec-
trode Cst2 of the storage capacitor Cst, and connects the first
contact hole Cntl exposing the part of the first electrode Cst1
of the storage capacitor Cst by being formed through the
second gate insulating film and the interlayer insulating film
and the second contact hole Cnt2 exposing the drain regions
of the compensation TFT T3 and initialization TFT T4 by
being formed through the first gate insulating film, the second
gate insulating film and the interlayer insulating film.

The first cover metal CM1 contacts the sixth contact hole
Cat6 exposing the drain region of the second light emission
control TFT T6 by being formed in the first gate insulating
film, the second gate insulating film, and the interlayer insu-
lating film. The second cover metal CM2 contacts the seventh
contact hole Cnt7 exposing the source region of the initial-
ization TFT T4 by being formed in the first gate insulating
film, the second gate insulating film and the interlayer insu-
lating film.

The data line DL, the driving voltage line PL, the connec-
tion wiring 120, and the first and second cover metals CM1
and CM2 may be provide, e.g., formed, on the same layer and
using a same material as each other.

Next, a protection film covering the data line DL, the driv-
ing voltage line PL, the connection wiring 120, and the first
and second cover metals CM1 and CM2 is provided, e.g.,
formed, on the interlayer insulating film. First and second via
holes VH1 and VH2 exposing portions of the first and second
cover metals CM1 and CM2, respectively, are formed through
the protection film.

Although not shown in FIG. 6, in such an embodiment, a
pixel electrode of the organic light emitting diode OLED is
provided while covering the first via hole VHI to be con-
nected to the second light emission control TFT T6. In such an
embodiment, the initialization voltage line VL is provided,
e.g., formed, substantially parallel to the first and second scan
lines SLn and SLn-1 while covering the second via hole VH2
to be connected to the initialization TFT T4.

A pixel defining film is provided, e.g., formed, on an edge
of the pixel electrode and on the protection film, and a pixel
opening exposing the pixel electrode is formed in the pixel
defining film. The pixel defining film may include of an
organic material, such as polyacrylates resin or polyimides, or
a silica-based inorganic material, for example. An organic
emission layer is provide, e.g., formed, on the pixel electrode
exposed by the pixel opening, and a common electrode is
formed on the organic emission layer throughout the sub-
strate. As such, the organic light emitting diode OLED includ-
ing the pixel electrode, the organic emission layer and the
common electrode is provided, e.g., formed.

In an exemplary embodiment, the pixel electrode may be
an anode that is a hole injection electrode, and the common
electrode may be a cathode that is an electron injection elec-
trode, but not being limited thereto. In an alternative exem-
plary embodiment, the pixel electrode may be a cathode, and
the common electrode may be an anode based on a method of
driving an organic light emitting display apparatus. Holes and
electrons are injected into the organic emission layer respec-
tively from the pixel electrode and the common electrode, and
light is emitted when excitons that are generated when the
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holes and electrons combine with each other are changed
from an excited state to a ground state.

The organic emission layer may include a low molecular
organic material or a high molecular organic material, such as
poly(3,4-ethylenedioxythiophene) (“PEDOT”). The organic
emission layer may have a multilayer including an emission
layer and at least one of a hole injection layer (“HIL”), a hole
transport layer (“HTL”), an electron transport layer (“ETL”)
and an electron injection layer (“EIL”). In an exemplary
embodiment, where the organic emission layer includes the
emission layer, HIL, HTL, ETL and EIL, the HIL is disposed
on the pixel electrode, and the HTL, the emission layer, the
ETL and the EIL are sequentially disposed, e.g., stacked, on
the HIL. In an exemplary embodiment, where the common
electrode includes a reflective conductive material, the
organic light emitting display apparatus is a bottom emission
type. In such an embodiment, the reflective conductive mate-
rial may include lithium (L1), calcium (Ca), lithium fluoride/
calcium (LiF/Ca), lithium fluoride/aluminum (LiF/Al), Al,
silver (Ag), magnesium (Mg), gold (Au) or a combination
thereof.

FIG.7A is a plan view of an exemplary embodiment of the
driving TFT T1 and the storage capacitor Cst, according to the
invention, and FIG. 7B is a cross-sectional view taken along
line B-B' of FIG. 7A.

Referring to FIGS. 7A and 7B, the active layer Al of the
driving TFT T1 is formed in a bent shape that is an ‘S’ shape
on a substrate SUB, in an exemplary embodiment according
to the invention. The active layer Al includes a plurality of
horizontal components 122, 124 and 126 extending substan-
tially in a first direction, and a plurality of vertical compo-
nents 123 and 125 extending substantially in a second direc-
tion. The vertical components 123 and 125 connect the
horizontal components 122, 124 and 126.

A first gateinsulating film GI11s provided, e.g., formed, on
the active layer Al on the substrate SUB, and the gate elec-
trode G1 of the driving TFT T1 that also operates as the first
electrode Cstl of the storage capacitor Cst is provided, e.g,,
formed, on the first gate insulating film GI1. Regions of the
gate electrode G1 of the driving TFT T1 corresponding to the
vertical components 123 and 125 of the active layer Al are
removed, and thus the gate electrode G1 overlaps the hori-
zontal components 122, 124 and 126 and does not overlap the
vertical components 123 and 125. Accordingly, the horizontal
components 122,124 and 126 operate as channel regions, and
the vertical components 123 and 125 operate as nodes con-
necting the channel regions. The vertical components 123 and
125 are doped with an impurity along with source and drain
regions while doping the impurity on the active layer Al.

A second gate insulating film G12 is provided, e.g., formed,
on the gate electrode G1 of the driving TFT T1, and the
second electrode Cst2 of the storage capacitor Cst is pro-
vided, e.g., formed, on the second gate insulating film GI2.
Accordingly, the driving TFT T1 and the storage capacitor
Cst substantially perpendicularly overlap each other. In such
an embodiment, an interlayer insulating film ILD is provided,
e.g., formed, on the second electrode Cst2 of the storage
capacitor Cst.

FIG. 8 is a diagram showing a crystallization of a semicon-
ductor layer in an exemplary embodiment of the driving TFT
via an ELA method, according to the invention.

When a semiconductor layer on a large panel is crystallized
via the ELA method, a laser divides a panel PA into regions
and irradiates a laser beam to each region of the panel PA by
scanning the semiconductor layer in a direction indicated by
an arrow with a scanning speed from one side of the panel PA,
as shown in FIG. 8. Since the laser beam is locally irradiated
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on the regions of the panel PA, there may be a region where a
first shot of the laser beam is not irradiated. Also, shots of the
laser beam overlap and crystallize the semiconductor layer as
the laser or the panel PA moves by a predetermined distance
(e.g.,apitch width). Accordingly, a characteristic distribution
of the semiconductor layer may be periodically generated on
the panel PA, thereby generating a periodic characteristic
distribution of a TFT. Thus, an image having a stain in peri-
odic diagonal line shapes may be displayed.

In an exemplary embodiment, the driving TFT T1 includes
the active layer Al having the horizontal components 122,
124 and 126 (e.g., the components in the first direction) and
the vertical component 123 and 125 (e.g., the components in
the second direction). In general, the vertical components 123
and 125 of the active layer A1 mainly cause the characteristic
distribution of the driving TFT T1 during crystallization of
the semiconductor layer due to overlapping of the shots of the
laser beam. Accordingly, a stain caused by the ELA may be
effectively prevented when a ratio of vertical components to
horizontal components is low in the active layer Al of the
driving TFT T1.

In an exemplary embodiment, the gate electrode G1 is not
provided in regions corresponding to the vertical components
123 and 125 of'the active layer A1 of the driving TFT T1, such
that the horizontal components 122, 124 and 126 operate as
channel regions and the vertical components 123 and 125
operate as nodes connecting the channel regions. Accord-
ingly, in such an embodiment, a stain caused by ELA may be
effectively prevented.

The switching TFT T2 may be a transistor that performs a
quick switching operation, and the driving TFT T1 may be a
transistor that has a wide driving range of a gate voltage. In an
exemplary embodiment, lengths of channel regions are long
and a node is formed between the channel regions, such that
the driving TFT T1 has anincreased delay, and adriving range
of a gate voltage applied to the gate electrode G1 is thereby
increased. Accordingly, in such an embodiment, thus a gray-
scale of light emitted from the organic light emitting diode
OLED may be further precisely controlled.

In such an embodiment, only the regions of the gate elec-
trode G1 corresponding to the vertical components 123 and
125 of the active layer Al are removed, such that a capaci-
tance loss of the storage capacitor Cst substantially perpen-
dicularly overlapping the driving TFT T1 may be substan-
tially reduced.

FIG. 7C is an equivalent circuit diagram of the driving TFT
T1 of FIG. 7A.

Referring to FIG. 7C, in an exemplary embodiment, where
the gate electrode G1 is removed from the vertical compo-
nents 123 and 125 of the active layer A1, the driving TFT T1
includes a plurality of TFTs T1_1, T1_2 and T1_3 that are
connected in series. The vertical components 123 and 125,
that is exposed by the gate electrode G1, define nodes N1 and
N2 connecting the channel regions. Accordingly, the driving
TFT T1 has a structure in which the TFTs T1_1, T1_2 and
T1_3 in the number equal to the number of the horizontal
components 122, 124 and 126 of the active layer Al are
connected in series by the nodes N1 and N2. In such an
embodiment, by reducing the channel regions of the vertical
components 123 and 125 of the active layer Al of the driving
TFT T1, characteristic deviation of the driving TFT T1 caused
by the crystallization by the ELA may be substantially
reduced.

FIG. 9 is a plan view of an alternative exemplary embodi-
ment of the driving TFT T1 and the storage capacitor Cst,
according to the invention.
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The driving TFT T1 and the storage capacitor Cst of FIG.
9 are substantially the same as the driving TFT T1 and the
storage capacitor Cst of FIG. 7A except for the portions ofthe
gate electrode G1 and first electrode Cstl that expose the
actively layer A1 of the driving TFT T1.

As shownin FIG. 9, in an exemplary embodiment, a second
opening H2 and a third opening H3 are respectively formed in
regions of the gate electrode G1 corresponding to the vertical
components 123 and 125 of the active layer Al. In an alter-
native exemplary embodiment, as shown in FIG. 7A, the
regions corresponding to the vertical components 123 and
125 ofthe active layer A1 are removed from an outer region of
the gate electrode G1. In an exemplary embodiment shown in
FIG. 9, the regions to be removed from the gate electrode G1
may be reduced by removing portions of the gate electrode
G1 to define a hole.

In such an embodiment shown in FIG. 9, a stain caused by
the ELA may effectively be prevented by exposing the verti-
cal components 123 and 125 of the active layer Al, and a
capacitance loss of the storage capacitor Cst substantially
perpendicularly overlapping the driving TFT T1 may be sub-
stantially minimized by reducing the area of the portion that
expose the actively layer Al of the driving TFT T1.

In an exemplary embodiment, as shown in FIG. 1, the
organic light emitting display apparatus may be a six transis-
tor-one capacitor (“6Tr-1 Cap”) structure active matrix (AM)
type organic light emitting display apparatus that includes six
TFTs and one capacitor per pixel, but the invention is not
limited thereto. Accordingly, a display apparatus may include
a plurality of TFTs and at least one capacitor per pixel, and
may have any one of various structures. In one alternative
exemplary embodiment, for example, a separate wiring may
be further provided or an existing wiring may be omitted.

As described herein, exemplary embodiments of an
organic light emitting display apparatus may obtain a driving
range of a driving TFT, may have a reduced capacitance loss,
and a stain caused by the ELA may be effectively prevented.

While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the following claims.

What is claimed is:

1. A thin film transistor array substrate comprising;

a driving thin film transistor comprising:

an active layer having a bent shape, wherein the active layer
comprises:

a first active pattern extending substantially in a first direc-
tion; and

a second active pattern extending substantially in a second
direction perpendicular to the first direction and con-
nected to the first active pattern; and

a gate electrode disposed on the active layer, wherein gate
electrode overlaps the first active pattern and exposes the
second active pattern; and

a capacitor comprising:

a first electrode defined by the gate electrode of the driving
thin film transistor; and

a second electrode disposed on the first electrode, wherein
the second electrode overlaps substantially an entire sur-
face of the first electrode.

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

wherein

a hole is defined in a region of the gate electrode corre-

sponding to the second active pattern.
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3. The thin film transistor array substrate of claim 1,
wherein an opening is defined in the second electrode of the
capacitor.

4. The thin film transistor array substrate of claim 3, further
comptrising:

a first insulating film which covers the active layer;

asecond insulating film which covers the first electrode of
the capacitor; and

an interlayer insulating film which covers the second elec-
trode of the capacitor.

5. The thin film transistor array substrate of claim 4, further

comprising:

a connection wiring disposed on the interlayer insulating
film, wherein the connection wire connects the first elec-
trode of the capacitor and a thin film transistor through a
contact hole defined through the second insulating film
and the interlayer insulating film in a region correspond-
ing to the opening in the second electrode of the capaci-
tor.

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

comptrises:

a compensation thin film transistor which compensates a
threshold voltage of the driving thin film transistor; and

an initialization thin film transistor which transmits an
initialization voltage to the gate electrode of the driving
thin film transistor.

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

wherein

a gate electrode of the compensation thin film transistor
and a gate electrode of the initialization thin film tran-
sistorare disposed in a same layer as the first electrode of
the capacitor.

8. The thin film transistor array substrate of claim 5, further

comprises:

a driving voltage line disposed in a same layer as the
connection wiring and connected to the second electrode
of the capacitor,

wherein the driving voltage line transmits a driving voltage
to the second electrode of the capacitor.

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

wherein

the active layer comprises a crystallized semiconductor
material.

10. A thin film transistor array substrate coniprising:

a driving thin film transistor defined by a plurality of thin
film transistors connected in series, wherein the driving
thin film transistor comprises:

an active layer comprising:

a plurality of channel regions extending substantially in a
first direction; and

a plurality of nodes extending substantially in a second
direction perpendicular to the first direction, wherein the
plurality of nodes connects the plurality of channel
regions; and

agate electrode disposed overlapping the plurality of chan-
nel regions, wherein the gate electrode exposes the plu-
rality of nodes; and

a capacitor comprising;

afirst electrode defined by the gate electrode of the driving
thin film transistor; and

asecond electrode disposed on the first electrode, wherein
the second electrode overlaps the driving thin film tran-
sistor.

11. The thin film transistor array substrate of claim 10,

wherein
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a cut-out is defined in a region of the gate electrode corre-
sponding to the plurality of nodes, wherein the cut-out
extends from a side of the gate electrode.

12. The thin film transistor array substrate of claim 10,

wherein

a hole is defined in the region of the gate electrode corre-
sponding to the plurality of nodes.

13. An organic light emitting display apparatus compris-

ing:

a driving thin film transistor comprising:

an active layer having a bent shape, wherein the active layer
comprises:

a first active pattern extending substantially in a first direc-
tion; and

a second active pattern extending substantially in a second
direction perpendicular to the first direction and con-
nected to the first active pattern; and

a gate electrode disposed on the active layer, wherein the
gate electrode overlaps the active layer and exposes the
second active pattern;

a capacitor comprising:

a first electrode defined by the gate electrode; and

a second electrode disposed on the first electrode, wherein
the second electrode overlaps substantially an entire sur-
face of the first electrode; and

an organic light emitting diode which emits light by receiv-
ing a driving current from the driving thin film transistor.

14. The organic light emitting display apparatus of claim

13, wherein a hole is defined in a region of the gate electrode
corresponding to the second active pattern.

15. The organic light emitting display apparatus of claim

13, wherein

an opening is defined in the second electrode of the capaci-
tor.

16. The organic light emitting display apparatus of claim

13, further comprising:

a first insulating film which covers the active layer;

a second insulating film which covers the first electrode of
the capacitor; and

an interlayer insulating film which covers the second elec-
trode of the capacitor.

17. The organic light emitting display apparatus of claim

16, further comprising:

a connection wiring disposed on the interlayer insulating
film, wherein the connection wire connects the first elec-
trode of the capacitor and a thin film transistor through a
contact hole defined through the second insulating film
and the interlayer insulating film in a region correspond-
ing to the opening in the second electrode of the capaci-
tor.

18. The organic light emitting display apparatus of claim

17, further comprising;

a compensation thin film transistor which compensates a
threshold voltage of the driving thin film transistor; and

an initialization thin film transistor which transmits an
initialization voltage to the gate electrode of the driving
thin film transistor.

19. The organic light emitting display apparatus of claim

18, wherein

a gate electrode of the compensation thin film transistor
and a gate electrode of the initialization thin film tran-
sistor are disposed in a same layer as the first electrode of
the capacitor.

20. The organic light emitting display apparatus of claim

17, further comprising:
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a driving voltage line disposed in a same layer as the
connection wiring and connected to the second electrode
of the capacitor,

wherein the driving voltage line transmits a driving voltage
to the second electrode of the capacitor. 5
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