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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND PHOTO MASK FOR
MANUFACTURING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0053393, filed on
May 10, 2013, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] The embodiments of the present invention relate to
an organic light-emitting display apparatus and a photo mask
for manufacturing the same.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus
includes two electrodes and an organic emission layer ther-
ebetween. Electrons from one electrode and holes from the
other electrode are combined in the organic emission layer to
form excitons, which emits light as they drop to a lower
energy level.

[0006] Such an organic light-emitting display apparatus
includes a plurality of pixels. Fach pixel includes an organic
light-emitting diode (OLED) that is a self-lighting device, a
plurality of thin film transistors (TFTs) that include a switch-
ing TFT and a driving TFT, and a capacitor that is used for
driving the OLED.

[0007] Itis desired for the gate voltages of the driving TFT
to have a wide driving range so as to allow adequate regula-
tion of the amplitude of gate voltages Vgs of the driving TFTs
to enable abundant gradations of displayed color intensity. To
this end, a design to increase (e.g., maximize) a channel
length of a driving semiconductor layer is desired. When a
driving TFT is designed such that the driving semiconductor
layer has a long channel length in a limited space, it is difficult
for the driving semiconductor layer to have a constant channel
width. When the channel width of the driving semiconductor
layer is not constant, limitation problem may arise in that the
effective channel length may be shorter than a predicted
length (e.g., an expected length) due to carriers that move
along the shortest distance.

SUMMARY

[0008] Aspects of embodiments according to the present
invention are directed toward an organic light-emitting dis-
play apparatus including a driving semiconductor layer with
a substantially constant (e.g., constant) channel width and a
photo mask for manufacturing the organic light-emitting dis-
play apparatus.

[0009] According to anaspect of an embodiment according
to the present invention, there is provided an organic light-
emitting display apparatus including: a switching thin film
transistor (TFT) on a substrate, wherein the switching TFT is
electrically coupled to a scan line and a data line; a driving
TFT electrically coupled to the switching TFT, the driving
TFT including a driving semiconductor layer; and an organic
light-emitting diode (OLED) electrically coupled to the driv-
ing TFT, wherein the driving semiconductor layer includes: a
first region bending from a first direction to a second direction
that intersects with the first direction; a second region bending
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from the second direction to the first direction; and a third
region coupling the first region to the second region, the third
region making an obtuse angle with each of the first region
and the second region.

[0010] Each of the first region and the second region may
include: a fourth region extending in the first direction; a fifth
region extending in the second direction; and a sixth region
coupling the fourth region to the fifth region, the sixth region
having a curvature.

[0011] The sixth region may include an outer corner and an
inner corner that faces the outer comer, and wherein a radius
of curvature of the outer corner is greater than a radius of
curvature of the inner corner.

[0012] The driving semiconductor layer may have a con-
stant width from the first region to the third region.

[0013] A length of the first region or a length of the second
region may be longer than a length of the third region.

[0014] The third region may include a linear portion.
[0015] The third region may include a plurality of curved
portions.

[0016] The organic light-emitting display apparatus may

further include: a first dielectric layer on the substrate to cover
the driving semiconductor layer; and a capacitor on the first
dielectric layer, wherein the capacitor vertically faces the
driving semiconductor layer.

[0017] The capacitor may further include: a first capacitor
electrode on the first dielectric layer, wherein the first capaci-
tor electrode vertically faces the driving semiconductor layer;
asecond dielectric layer covering the first capacitor electrode;
and a second capacitor electrode on the second dielectric
layer, wherein the second capacitor electrode vertically faces
the first capacitor electrode.

[0018] The organic light-emitting display apparatus may
further include a compensation TFT configured to compen-
sate a threshold voltage of the driving TFT, wherein the com-
pensation TFT is electrically coupled to the driving TFT.
[0019] The organic light-emitting display apparatus may
further include a light-emitting control TFT configured to
turn on by a light-emitting control signal that is supplied by a
light-emitting control line, wherein the light-emitting control
TFT s configured to deliver a driving voltage from the driving
TFT to the OLED and is located between the driving TFT and
the OLED.

[0020] The organic light-emitting display apparatus may
further include an operation control TFT configured to turn on
by the light-emitting control signal, wherein the operation
control TFT is configured to deliver a driving voltage to the
driving TFT and is located between a driving voltage line and
the driving TFT.

[0021] The organic light-emitting display apparatus may
further include an initializing TFT configured to turn on
according to a previous scan signal that is delivered through a
previous scan line, wherein the initializing TFT is configured
to deliver an initializing voltage to a driving gate electrode of
the driving TFT and is located between an initializing voltage
line and the driving TFT.

[0022] According to another aspect of an embodiment
according to the present invention, there is provided a photo
mask for manufacturing an organic light-emitting display
apparatus, the photo mask including: a switching opening
pattern corresponding to a switching semiconductor layer;
and a driving opening pattern coupled to the switching open-
ing pattern, the driving opening pattern corresponding to a
driving semiconductor layer and including: a first opening
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pattern bending from a first direction to a second direction
that intersects with the first direction; a second opening pat-
tern bending from the second direction to the first direction;
and a third opening pattern coupling the first opening pattern
to the second opening pattern, the third opening pattern mak-
ing an obtuse angle with each of the first opening pattern and
the second opening pattern.

[0023] Each of the first opening pattern and the second
opening pattern may include an outer corner that is cham-
fered.

[0024] Each of the first opening pattern and the second
opening pattern may further include a corrected pattern hav-
ing an inner corner facing the outer corner, the inner corner
protruding toward the outer corner.

[0025] The driving opening pattern may have a substan-
tially constant width from the first opening pattern to the third
opening pattern.

[0026] Alengthofthe firstopening patternoralength of the
second opening pattern may be longer than a length of the
third opening pattern.

[0027] The third opening pattern may include a linear por-
tion.
[0028] The third opening pattern may include a plurality of

curved portions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features and aspects of the
present invention will become more apparent by describing in
detail example embodiments thereof with reference to the
attached drawings in which:

[0030] FIG. 1 is an equivalent circuit diagram of one pixel
of an organic light-emitting display apparatus, according to
an example embodiment of the present invention;

[0031] FIG. 2 is a detailed plan view of a pixel of the
organic light-emitting display apparatus of FIG. 1, according
to an example embodiment of the present invention;

[0032] FIG. 3isa cross-sectional view taken along the line
1II-11T of the pixel of F1G. 2, according to an example embodi-
ment of the present invention;

[0033] FIG. 4 is an internal plan view of box V of FIG. 2,
according to an example embodiment of the present inven-
tion;

[0034] FIG. 5is a plan view of a photo mask for manufac-
turing the organic light-emitting display apparatus of FIG. 4,
according to an example embodiment of the present inven-
tion;

[0035] FIG. 6 is a plan view of a driving semiconductor
layer of an organic light-emitting display apparatus, accord-
ing to another embodiment of the present invention;

[0036] FIG. 71is a plan view of a photo mask for manufac-
turing a pattern of FIG. 6, according to an example embodi-
ment of the present invention;

[0037] FIG. 8 is a plan view of a driving semiconductor
layer of an organic light-emitting display apparatus, accord-
ing to another embodiment of the present invention;

[0038] FIG.9is a plan view of a photo mask for manufac-
turing a pattern of FIG. 8, according to an example embodi-
ment of the present invention;

[0039] FIG. 10 is a plan view of a driving semiconductor
layer of an organic light-emitting display apparatus, accord-
ing to another embodiment of the present invention;

[0040] FIG. 11 is a plan view of a photo mask for manu-
facturing a pattern of FIG. 10, according to an example
embodiment of the present invention; and
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[0041] FIG. 12 is a plan view of a pattern of a driving
channel region, according to a comparative example of
embodiments according to the present invention.

DETAILED DESCRIPTION

[0042] Expressions such as “at least one of,” when preced-
ing a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0043] For the sake of simplicity and clarity of description,
the present disclosure may not show or describe matters that
are not relevant to the described embodiments of the present
invention. In addition, the accompanying drawings may
expand or exaggerate size, thickness, and width of shown
features to more clearly express several layers and regions.
[0044] The same or similar components have the same ref-
erence numerals throughout the specification. The terms
“first” and “second” are not used herein as limited meanings,
but to distinguish a component from another component. In
addition, when an element such as a film, region, or compo-
nent is referred to as being “on” another element, it can be
directly on the another element or intervening elements may
also be present.

[0045] The embodiment will be described below in more
detail with reference to example embodiments of the present
invention that are shown in the accompanying drawings.
[0046] FIG. 11is an equivalent circuit diagram of one pixel
of an organic light-emitting display apparatus, according to
an embodiment of the present invention. FIG. 2 is a detailed
plan view of a pixel of the organic light-emitting display
apparatus of FIG. 1, according to an embodiment of the
present invention. FIG. 3 is a cross-sectional view taken along
the line III-IIT of the pixel of FIG. 2, according to an embodi-
ment of the present invention. FIG. 4 is an internal plan view
of box V of FIG. 2, according to an embodiment of the present
invention.

[0047] In one embodiment, the organic light-emitting dis-
play apparatus includes a display region that is on a substrate
and displays images, and a surrounding region that surrounds
the display region. A plurality of pixels that emit light and a
plurality of wirings that apply an electrical signal to drive
each pixel are arranged on the display region. For example,
the wirings may include scan lines 121 and 122 that transmit
scan signals Sn and Sn-1, a data line 171 that transmits a data
signal, and a driving voltage line 172 that supplies (e.g.,
transmits) a driving voltage ELVDD. The embodiment is not
limited thereto and may further include an initializing voltage
line 124 that provides (e.g., transmits) an initializing voltage
Vint and a light-emitting control line 123 that provides (e.g,,
transmits) a light-emitting control signal En, as shown in FIG.
1. Each pixel is arranged at a point where a plurality of
wirings that extend in a first direction cross a plurality of
wirings that extend in a second direction that crosses the first
direction.

[0048] Each pixel includes an organic light-emitting diode
(OLED) that emits light and a pixel circuit that receives a
signal from a wiring and drives the OLED. Pixel circuit may
include at least two TFTs and at least one capacitor. The
embodiment is not limited thereto and the pixel circuit may,
for example, include six TFTs and one capacitor, as shown in
FIG. 1.

[0049] The organic light-emitting display apparatus,
according to an embodiment of the present invention, will be
described below with reference to FIGS. 1to 4.
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[0050] Thesix TFTs include a driving TFT T1, a switching
TFT T2, a compensation TFT T3, an initializing TFT T4, an
operation control TFT T5, and a light-emitting control TFT
T6.

[0051] A gate G1 of the driving TFT T1 is electrically
coupled to a terminal Cst1 of a storage capacitor Cst, a source
S1 of the driving TFT T1 is electrically coupled to the driving
voltage line 172 via the operation control TFT T5, and a drain
D1 of the driving TFT T1 is electrically coupled to an anode
of an OLED via the light-emitting control TFT T6. The driv-
ing TFT T1 receives a data signal Dm according to a switch-
ing operation of the switching TFT T2 and supplies a driving
current Id to the OLED.

[0052] A gate G2 of the switching TFT T2 is electrically
coupled to the scan line 121, a source S2 of the switching TFT
T2 is electrically coupled to the data line 171, and a drain D2
of the switching TFT T2 is electrically coupled to the source
S1 of the driving TFT T1 and to the driving voltage line 172
via the operation control TFT T5. The switching TFT T2 is
turned on according to a scan signal Sn transmitted through
the scanline 121 and performs a switching operation in which
the data signal Dm transmitted to the data line 171 is trans-
mitted to the source S1 of the driving TFT T1.

[0053] A gate G3 of the compensation TFT T3 is electri-
cally coupled to the scan line 121, the source S3 of the
compensation TFT T3 is electrically coupled to the drain D1
of the driving TFT T1 and to an anode of the OLED via the
light-emitting control TFT T6, and a drain D3 of the compen-
sation TFT T3 is electrically coupled to the terminal Cstl of
the storage capacitor Cst, a drain D4 of the initializing TFT
T4, and the gate G1 of the driving TFT T1. When the com-
pensation TFT T3 is turned on according to a scan signal Sn
transmitted through the scan line 121, the compensation TFT
Td couples the gate G1 of the driving TFT T1 to the drain D1
thereof to diode couple (e.g., element-couple) the driving
TFT T1, and thus compensates for a threshold voltage of the
driving TFT T1.

[0054] The gate G4 of the initializing TFT T4 is electrically
coupled to a previous scan line 122, a source S4 of the ini-
tializing TFT T4 is electrically coupled to the initializing
voltage line 124, the drain D4 of the initializing TFT T4 is
electrically coupled to the terminal Cstl of the storage capaci-
tor Cst, the drain D3 of the compensation TFT T3, and the
gate G1 of the driving TFT T1. The initializing TFT T4 is
turned on according to a previous scan signal Sn-1 transmit-
ted through the previous scan line 122, and performs an
initializing operation in which the initializing voltage Vint is
transmitted to the gate G1 ofthe driving TFT T1 and a voltage
of the gate G1 of the driving TFT T1 is initialized.

[0055] A gate G5 of the operation control TFT T5 is elec-
trically coupled to the light-emitting control line 123, a source
S5 of the operation control TFT T5 is electrically coupled to
the driving voltage line 172, and a drain D5 of the operation
control TFT T5 is electrically coupled to the source S1 of the
driving TFT F1 and the drain D2 of the switching TFT T2.
The operation control TFT T5 is coupled between the driving
voltage line 172 and the driving TFT T1. The operation con-
trol TFT T5 is turned on by the light-emitting control signal
En transmitted by the light-emitting control line 123 and
transmits the driving voltage ELVDD to the driving TFT T1.
[0056] A gate G6 of the light-emitting control TFT T6 is
electrically coupled to the light-emitting control line 123, a
source S6 of the light-emitting control TFT T6 is electrically
coupled to the drain D1 of the driving TFT T1 and the source
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S3 of the compensation TFT T3, and a drain D6 of the light-
emitting control transistor T6 is electrically coupled to the
anode of the OLED. The light-emitting control TFT T6 is
between the driving TFT T1 and the OLED. The light-emit-
ting control TFT T6 is turned on by the light-emitting control
signal En transmitted by the light-emitting control line 123
and transmits the driving voltage ELVDD from the driving
TFT T1 to the OLED.

[0057] Theoperation control TFT T5 and the light-emitting
control TFT T6 are concurrently (e.g., simultaneously) turned
on according to the light-emitting control signal En transmit-
ted through the light-emitting control signal 123, the driving
voltage ELVDD is transmitted to the OLED, and a driving
current Id flows in the OLED.

[0058] The other terminal Cst2 of the storage capacitor Cst
is electrically coupled to the driving voltage line 172, and a
cathode of the OLED is electrically coupled to a common
voltage ELVSS. Accordingly, the OLED receives the driving
current Id from the driving TFT T1 and emits light to display
an image.

[0059] A detailed operation of one pixel of an organic light-
emitting display apparatus, according to an embodiment of
the present invention, will be described below in detail.
[0060] First, a low-level previous scan signal Sn-1 is sup-
plied through the previous scan line 122 during an initializing
period. Then, the initializing TFT T4 is turned on in response
to the low-level previous scan signal Sn-1, the initializing
voltage Vint from the initializing voltage line 124 is electri-
cally coupled to the gate G1 of the driving TFT T1 through the
initializing TFT T4, and the driving TFT T1 is initialized by
the initializing voltage Vint.

[0061] Subsequently, a low-level scan signal Sn is supplied
through the scan line 121 during a data programming period.
Then, the switching TFT T2 and the compensation TFT T3
are turned on in response to the low-level scan signal Sn.
[0062] As such, the driving TFT T1 is diode-coupled (e.g.,
element-coupled) by the turned-on compensation TFT T3
and is forward-biased.

[0063] Then, a compensation voltage Dm+Vth (where Vth
is a negative value) that is obtained by subtracting the abso-
lute value of the threshold voltage Vth of the driving TFT T1
from the data signal Dm supplied from the data line 171 is
applied to the gate G1 of the driving TFT T1.

[0064] The driving voltage ELVDD and the compensation
voltage Dm+Vth are applied to the terminals Cstl and Cst2,
respectively, of the storage capacitor Cst and electrical
charges corresponding to the voltage difference across the
storage capacitor Cst are stored in the storage capacitor Cst.
Subsequently, the light-emitting control signal En supplied
from the light-emitting control line 123 is changed from a
high level to a low level during a light-emitting period. Then,
the operation control TFT T5 and the light-emitting control
TFT T6 are turned on by the low-level light-emitting control
signal En during the light-emitting period.

[0065] Then, the driving current Id is generated, which
corresponds to the voltage difference between a voltage of the
gate G1 of the driving TFT T1 and the driving voltage
ELVDD, and is supplied to the OLED through the light-
emitting control TFT T6. During the light-emitting period, a
gate-source voltage Vgs of the driving TFT T1 is maintained
as (Dm+Vth)-ELVDD by the storage capacitor Cst, and
according to the current-voltage relation of the driving TFT
T1, the driving current Id is proportional to the square of a
value that is obtained by subtracting the threshold voltage Vth
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from the gate-source voltage Vs, that is, Id is proportional to
(Dm-ELVDD)?. Thus, the driving current Id is not affected
by the threshold voltage Vth of the driving TFT T1.

[0066] A structure of the organic light-emitting display
apparatus will be described below in detail in a stacked order
with reference to FIGS. 2 to 4. In this case, the organic
light-emitting display apparatus is described in terms of the
structure of a TFT, in particular, the driving TFT T1 and the
switching TFT T2. The structures of other TFTs are not
described because they are similar to those of the driving TFT
T1 and the switching TFT T2.

[0067] Referring to FIGS. 2 and 3, a buffer layer 111 is
formed on a substrate 110, which is a dielectric substrate that
may include glass, quartz, ceramic, plastic, and/or the like.

[0068] Inoneembodiment, semiconductor layers 131a and
1315 are formed on the buffer layer 111. The semiconductor
layers 1314 and 1315 are formed in various suitable curved
shapes. The semiconductor layers 131a and 1315 may be
formed of polysilicon. The semiconductor layers 131a and
1315 include a channel region between source and drain
regions, wherein the channel region is not doped with an
impurity and the source and drain regions are doped with
impurities. In this embodiment, an impurity varies depending
on a kind of TFT and may be an N-type impurity or a P-type
impurity. The semiconductor layers 1312 and 1315 include a
driving semiconductor layer 131a, which is formed in the
driving TFT T1, and a switching semiconductor layer 1315,
which is formed in the switching TFT T2, that are electrically
coupled to each other.

[0069] The driving semiconductor layer 131a includes a
driving channel region 131al, and a driving source region
176a and a driving drain region 177a between which the
driving channel region 131al exists and that face each other.
The switching semiconductor layer 1315 includes a switch-
ing source region 1764 and a switching drain region 1775 that
face each other and between which a switching channel
region exists.

[0070] Referring to FIG. 4, the driving channel region
131a1 includes a first region 11 that is bent from a first
direction x and extends in a second direction y that intersects
with the first direction x, a second region 12 that is bent from
the second direction y and extends in the first direction x, and
a third region 13 that couples the first region 11 to the second
region 12. Accordingly, the driving channel region 131al
may be arranged in a shape similar to a zigzag and include a
curved portion.

[0071] Referring to FIGS. 2 and 3, a first dielectric layer
141 is arranged on the substrate 110 to cover the semicon-
ductor layers 131a and 1315. The first dielectric layer 141
may be a multi-layer or single-layer thin film that includes an
inorganic material and/or an organic material.

[0072] A driving gate electrode 125 1s arranged on the first
dielectric layer 141. The storage capacitor Cst is arranged to
vertically face the driving gate electrode 125a.

[0073] The storage capacitor Cst includes a first storage
condensing plate 1254 and a second storage condensing plate
127 between which a second dielectric layer 142 is arranged.
In this embodiment, the driving gate electrode 1254 also
functions as the first storage condensing plate 1254, the sec-
ond gate dielectric layer 142 functions as an insulator, and a
storage capacitance is determined by charges stored in the
storage capacitor Cst and the voltage between both the first
and second storage condensing plates 125a and 127.

Nov. 13,2014

[0074] The first storage condensing plate 125a is separated
from a neighbouring pixel and formed in a quadrilateral
shape. In addition, the first storage condensing plate 125a s at
the same layer as, and formed of the same material as, the scan
line 121, the previous scan line 122, the light-emitting control
line 123, and the switching gate electrode 1254. The second
storage condensing plate 127 is electrically coupled to a
neighbouring pixel and formed of the same material as the
initializing voltage line 124 and on the same layer as it.
[0075] As such, to secure sufficient space for the fabrica-
tion of the storage capacitor Cst, which is otherwise reduced
by the driving semiconductor layer 131a with a curved por-
tion, the storage capacitor Cst is formed on top of (e.g,
formed to vertically face) the driving semiconductor layer
131a and thus it is possible to secure the storage capacitance
even under the space constraints of high resolution devices.
[0076] According to an embodiment of the present inven-
tion, the driving semiconductor layer 131a, including a plu-
rality of curved portions, is formed and thus it is possible to
form the driving semiconductor layer 131a in a long shape in
a narrow space. Thus, because it is possible to form the
driving channel region 131a1 of the driving semiconductor
layer 131a in a long shape, the driving range of the gate
voltage applied to the driving gate electrode 1254 is increased
(e.g., widened). Thus, because the driving range of the gate
voltage is wide, it is possible to more finely control gradations
of light emitted from the OLED by changing the amplitude of
the gate voltage and as a result, it is possible to increase the
resolution of the organic light-emitting display apparatus and
enhance display quality.

[0077] The semiconductor layers 131a and 1315, including
the driving semiconductor layer 1314, are formed by a pho-
tolithography process. In particular, a semiconductor layer
for patterning is formed on the entire substrate and then a
photoresist that is photosensitive is formed on the semicon-
ductor layer. Next, a photo mask with a desired pattern is used
to produce, in the photoresist, a pattern (e.g., a predetermined
pattern) corresponding to that of the photo mask through light
exposure. The semiconductor layer is then etched using a
remaining photoresist pattern as a mask and patterns of the
driving semiconductor layer 131a and the switching semi-
conductor layer 1315 are thus formed.

[0078] Inthe case ofapattern with a complex shape includ-
ing a curved portion such as the driving semiconductor layer
131a, it may be difficult to obtain a desired pattern due to a
number of reasons, such as, the reflow of the photoresist, an
error in an amount of light exposure, and an etching error, in
the photolithography process. Therefore, such a structure has
a limitation in that it is difficult to uniformly obtain an end
product due to process variations (e.g., process dispersion)
that occurs in the photolithography process.

[0079] As the organic light-emitting display apparatus
increase in resolution, the width of a pixel is narrowed and
thus, the shape of the driving semiconductor layer 131ais also
changed to have a narrow width. In this regard, descriptions
will be made with reference to a pattern of a driving channel
layer according to a comparative example of the embodiment
of FIG. 12. When a virtual axis of a third region 3 is perpen-
dicular to those of a first region 1 and a second region 2, like
the comparative example shown in FIG. 12, the following
limitations exist: when the driving channel region has a “2 ”
shape (e.g., an S shape) like the comparative example shown
in FIG. 12, the width of the driving semiconductor layer 131a
becomes non-uniform (e.g., narrower at one region that at
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other regions) and the length of the third region 3 becomes
very short, thus, a definition of a channel width near the third
region 3 becomes unclear. For example, the channel widths of
corners where the third region 3 is electrically coupled to the
first region 1 and the second region 2 are wider than a pre-
dicted width (e.g., an expected width) due to the reflow of
photoresist, an error in an amount of light exposure, an etch-
ing errot, etc., but the channel width at the third region 3 that
is a linear portion may be realized to be relatively narrow.
Thus, it is difficult to realize a uniform channel width over the
entire length of the driving channel region in such a structure.
[0080] To solve such limitations, that is, to increase (e.g.,
maximize) the length of a channel, reduce (e.g., minimize) an
error due to process variations (e.g., process dispersion), and
keep the channel width substantially constant (e.g., constant),
an embodiment of the present invention provides the follow-
ing driving channel region structure and a photo mask for
realizing the same:

[0081] Referring to FIGS. 2 and 4, the driving channel
region 1311, according to an embodiment of the present
invention, includes the first region 11 that is bent from the first
direction x and extends in the second direction y that inter-
sects with the first direction x, the second region 12 that is
bent from the second direction y and extends in the first
direction X, and the third region 13 that couples the first region
11 to the second region 12, as described above.

[0082] One end of the first region 11 is electrically coupled
to the driving source region 176a and the other end of the first
region 11 is electrically coupled to one end of the third region
13.The firstregion 11 includes a fourth region 14 that extends
in the first direction X, a fifth region 15 that extends in the
second direction y, and a sixth region 16 that couples the
fourth region 14 to the fifth region 15 and has a curvature. For
example, the sixth region 16 is arranged between the fourth
region 14 and the fifth region 15, which are arranged almost
perpendicular to each other. The sixth region 16 is formed to
have a smooth curved surface to have a curvature. Because the
driving channel region 131al has a channel width (e.g., a
predetermined channel width) wa, the sixth region 16
includes an outer corner 16a and an inner corner 164 that
faces the outer corner 16a. Thus, both the outer corner 16a
and the inner corner 165 are formed as a curved line having a
curvature.

[0083] One end of the second region 12 is electrically
coupled to one end of the third region 13 and the other end of
the second region 12 is electrically coupled to the driving
drain region 177a. As in the first region 11, the second region
12 includes a fourth region 14 that extends in the first direc-
tion x, a fifth region 15 that extends in the second direction y,
and a sixth region 16 that couples the fourth region 14 to the
fifth region 15 and has a curvature. For example, the sixth
region 16 is arranged between the fourth region 14 and the
fifth region 15, which are arranged almost perpendicular to
each other. The second region 12 has a shape that is obtained
by rotating the first region 11 180 degrees clockwise. The
sixth region 16 is formed to have a smooth curved surface to
have a curvature. Because the driving channel region 131al
has a channel width (e.g., a predetermined channel width) wa,
the sixth region 16 includes an outer corner 16a and an inner
corner 164 that faces the outer corner 16a. Thus, both the
outer corner 16a and the inner corner 165 are formed as a
curved line having a curvature.

[0084] The other end of the first region 11 is electrically
coupled to one end of the second region 12 by the third region
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13. The central axis of the first region 11 is arranged in
parallel with the central axis of the second region 12. In
particular, the central axis of the fifth region 15 of the first
region 11 is arranged in parallel with the central axis of the
fifth region 15 of the second region 12.

[0085] The third region 13 is configured to make an obtuse
angle with the first region 11 and to also make an obtuse angle
with the second region 12. The third region 13 may include a
linear portion, and the central axis of the third region 13
makes an obtuse angle with the central axis of the first region
11 (e.g., with the central axis of the fifth region 15 of the first
region 11). In addition, the central axis of the third region 13
also makes an obtuse angle with the central axis of the second
region 12 (e.g., with the central axis of the fifth region 15 of
the second region 12). Thus, the third region 13 is arranged to
be diagonal to the first direction x and the second direction y
and couples the first region 11 to the second region 12.
[0086] When the third region 13 is configured to make an
obtuse angle with the first region 11 and the second region 12
as in an embodiment of the present invention, it is possible to
reduce process error and process variations (e.g., to decrease
process dispersion and error) at the third region 13 without a
significant decrease in channel length and it is possible to
realize a substantially constant (e.g., a constant) channel
width wa over the entire length of the channel region.
[0087] Thelength ofthe first region 11 or the second region
12 is longer than that of the third region 13. Because the first
region 11 and the second region 12 include bent portions, they
may have a relatively longer channel length (e.g., make up a
relatively longer portion of the channel length) in a limited
space than the third region 13 that includes only a linear
portion.

[0088] FIG. 5 is a plan view of a photo mask 331-1q for
realizing the driving semiconductor layer 131a-1 of FIG. 4,
according to an embodiment of the present invention. The
photo mask 331a-1 includes a switching opening pattern that
corresponds to the switching semiconductor layer 1315, and
a driving opening pattern that is coupled to the switching
opening pattern and corresponds to the driving semiconduc-
tor layer 131a-1. FIG. 5 primarily shows the driving opening
pattern for convenience of description.

[0089] Referring to FIG. 5, the photo mask 331a-1 corre-
sponds to the driving semiconductor layer 131a-1 of FIG. 4
and also includes a first opening pattern 31 that is bent from
the first direction x and extends in the second direction y
intersecting with the first direction x, a second opening pat-
tern 32 that is bent from the second direction y and extends in
the first direction x, and a third opening pattern 33 that
couples the first opening pattern 31 to the second opening
pattern 32 and is configured to make an obtuse angle with
each of the portions of the first opening pattern 31 and the
second opening pattern 32 that extend in the second direction
y.

[0090] The length of the first opening pattern 31 or the
second opening pattern 32 may be longer than that ofthe third
opening pattern 33. Because the first opening pattern 31 and
the second opening pattern 32 include bent portions, they may
have a relatively longer channel length (e.g., make up a rela-
tively longer portion of the channel length) in a limited space
than the third opening pattern 33 that includes only a linear
portion.

[0091] Inaddition, inthe case of the photo mask 331a-1, the
first to third opening patterns 31 to 33 have a substantially
constant (e.g., a constant) width wb to pattern to form the
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driving semiconductor layer 131a-1 with a substantially con-
stant (e.g., constant) channel width wa.

[0092] In an embodiment of FIG. 4, the channel width wa
corresponding to the sixth region 16 may be realized to be a
little wider than channel widths wa of other regions. To over-
come this limitation, FIGS. 6 and 7 respectively show a driv-
ing semiconductor layer 131a-2 where a channel width wa in
FIG. 4 of the sixth region 16 is corrected, and a photo mask
331a-2 where an outer corner 36a of the first opening pattern
31 is corrected. In addition, FIGS. 8 and 9 respectively show
the driving semiconductor layer 131a-3 where the channel
width at the sixth region 16 is corrected. and the photo mask
331a-3 where an inner corner 36 of the first opening pattern
31 is corrected.

[0093] FIG. 6 is a plan view of a driving semiconductor
layer 131a-2 of an organic light-emitting display apparatus,
according to another embodiment of the present invention.
FIG. 7 is a plan view of a photo mask 331a-2 for manufac-
turing a pattern of FIG. 6, according to an embodiment of the
present invention.

[0094] Referring to FIG. 6, a driving channel region 131a1,
according to another embodiment, includes a first region 11
that is bent from the first direction x and extends in the second
direction y intersecting with the first direction X, a second
region 12 that is bent from the second direction y and extends
in the first direction x, and a third region 13 that couples the
first region 11 to the second region 12 and makes an obtuse
angle with each of the portions of the first region 11 and the
second region 12 that extend in the second direction y, as in
the embodiment of F1G. 4. In addition, each of the first region
11 and the second region 12 includes a fourth region 14 that
extends in the first direction x, a fifth region 15 that extends in
the second direction y, and a sixth region 16 that couples the
fourth region 14 to the fifth region 15 and has a curvature.
[0095] In this case, the sixth region 16 includes an outer
corner 16a and an inner corner 165 that faces the outer corner,
and a radius of curvature of the outer corner 16a is greater
than that of the inner corner 16b. The radius of curvature is the
degree of curvature of a curved surface or a curved line and as
the radius of curvature increases, the curvature is less. Thus,
the degree of curvature of the outer corner 164 is less than that
ofthe inner corner 165. This is different from the embodiment
of FIG. 4. When comparing the radius of curvature of the
outer corner 16a of the embodiment of FIG. 4 with the radius
of curvature of the outer corner 16a of the embodiment of
FIG. 6, it may be seen that the outer corner 164 of the embodi-
ment of FIG. 6 has a smaller radius of curvature.

[0096] Because the level of curvature of the outer corner
16aof the sixth region 16 of this embodiment is relatively less
than, for example, that of the corresponding outer corner of
FIG. 4, it is possible to reduce process error and process
variations (e.g., to decrease process dispersion and error) at
the sixth region 16, and itis possible to realize a substantially
constant (e.g., a constant) channel width wa over the entire
driving channel region 131a1. Further, it is possible to solve
the limitation that the channel width at the outer corner 16a is
wider than a predicted width (e.g., an expected width) due to
the reflow of photoresist, an error in an amount of light expo-
sure, an etching error, etc. at the outer corner 16« of the sixth
region 16 and it is possible to realize a substantially constant
(e.g., constant) channel width wa over the entire length of the
driving channel region 131e1.

[0097] FIG. 7 shows a photo mask 331a-2 for realizing a
driving semiconductor layer 131a-2 of FIG. 6, according to
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an embodiment of the present invention. FIG. 7 also primarily
shows a driving opening pattern for convenience of descrip-
tion as in the previous embodiment.

[0098] Referring to FIG. 7, the photo mask 331a-2 also
corresponds to the driving semiconductor layer 131a-2 of
FIG. 6 and includes a first opening pattern 31 that is bent from
the first direction x and extended in the second direction y
intersecting with the first direction x, a second opening pat-
tern 32 that is bent from the second direction y and extends in
the first direction X, and a third opening pattern 33 that
couples the first opening pattern 31 to the second opening
pattern 32 and is configured to make an obtuse angle with
each of the portions of the first opening pattern 31 and the
second opening pattern 32 that extend in the second direction

V.
[0099] Inaddition, an outer corner 364 that each of the first
opening pattern 31 and the second opening pattern 32 of the
photo mask 331a-2 of FIG. 7 includes is chamfered. The
chamfering indicates cutting (e.g., diagonally cutting) edges
or corners to change them to slopes or round shapes. For
example, by chamfering the outer corners 36a of the first
opening pattern 31 and the second opening pattern 32, it is
possible to increase the radius of curvature of the outer corner
16a of the sixth region 16 of FIG. 6.

[0100] FIG. 8 is a plan view of a driving semiconductor
layer 131a-3 of an organic light-emitting display apparatus,
according to another embodiment of the present invention.
FIG. 9 is a plan view of a photo mask 331a-3 for manufac-
turing a pattern of FIG. 8, according to an embodiment of the
present invention.

[0101] Referring to FIG. 8, adriving channel region 131al,
according to another embodiment of the present invention,
includes a first region 11 that is bent from the first direction x
and extends in the second direction y intersecting with the
first direction x, a second region 12 that is bent from the
second direction y and extends in the first direction x, and a
third region 13 that couples the first region 11 to the second
region 12 and makes an obtuse angle with each of the portions
of the first region 11 and the second region 12 that extend in
the second direction y, as in the embodiment of FIG. 6. In
addition, each of the first region 11 and the second region 12
includes a fourth region 14 that extends in the first direction x,
a fifth region 15 that extends in the second direction y, and a
sixth region 16 that couples the fourth region 14 to the fifth
region 15 and has a curvature. In addition, the radius of
curvature of an outer corner 16a of the sixth region 16 is
greater than that of an inner corner 164.

[0102] Inaddition, according to the embodiment of FIG. 8,
the radius of curvature of the inner corner 165 of the sixth
region 16 is less than that of the inner corner of the sixth
region 16 of the embodiment of FIG. 6. Thus, the degree of
curvature of the inner corner 165 of the sixth region 16 of the
embodiment of FIG. 8 is greater than that of the inner corner
165 of the sixth region 16 of the embodiment of FIG. 6.
[0103] When the degree of curvature of the inner corner
165 of the sixth region 16 increases as in the embodiment of
FIG. 8, it is possible to reduce process error and process
variations (e.g., to decrease process dispersion and error) at
the sixth region 16 and it is possible to realize a substantially
constant (e.g., a constant) channel width over the entire length
of the driving channel region 131a1. Further, it is possible to
solve the limitation that a channel width of a corner is wider
than a predicted width (e.g., an expected width) as the bound-
ary of the inner corner 165 becomes unclear due to the reflow
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of photoresist, an error in an amount of light exposure, an
etching error, etc. at the inner corner 165 of the sixth region
16, and it is possible to realize a substantially constant (e.g., a
constant) channel width wa over the entire length of the
driving channel region 131¢1.

[0104] FIG. 9 is a plan view of a photo mask 331a-3 for
realizing the driving semiconductor layer 131a-3 of FIG. 8,
according to an embodiment of the present invention. FIG. 9
also primarily shows a driving opening pattern for conve-
nience of description as in the previous embodiments.
[0105] Referring to FIG. 9, the photo mask 331a-3 also
corresponds to the driving semiconductor layer 131a-3 of
FIG. 8 and includes a first opening pattern 31 that is bent from
the first direction x and extends in the second direction y
intersecting with the first direction x, a second opening pat-
tern 32 that is bent from the second direction y and extends in
the first direction x, and a third opening pattern 33 that
couples the first opening pattern 31 to the second opening
pattern 32 and is configured to make an obtuse angle with
each of the portions of the first opening pattern 31 and the
second opening pattern 32 that extend in the second direction
y. The outer corner 36a that each of the first opening pattern
31 and the second opening pattern 32 includes is chamfered.
[0106] Inaddition, the photo mask 331a-3, according to the
embodiment of FIG. 9, each of the first opening pattern 31 and
the second opening pattern 32 includes a corrected pattern 35,
such that the inner corner 364 facing the outer corner 36a
protrudes toward the outer corner 36a. Because the corrected
pattern 35 that protrudes toward the outer corner 36a is added
to the inner corner 364 of the photo mask 3314-3, itis possible
to regulate the degree of curvature of the inner corner 365 of
a pattern that is formed by the photo mask 331a-3.

[0107] FIG. 10 is a plan view of a driving semiconductor
layer 131a-4 of an organic light-emitting display apparatus,
according to another embodiment of the present invention.
FIG. 11 is a plan view of a photo mask 331a-4 for manufac-
turing a pattern of F1G. 10, according to an embodiment of the
present invention.

[0108] Referring to FIG. 10, a driving channel region
131al according to a another embodiment includes a first
region 11 that is bent from the first direction x and extends in
the second direction y intersecting with the first direction x, a
second region 12 that is bent from the second direction y and
extends in the portions of the first direction X, and a third
region 13 that couples the first region 11 to the second region
12 and makes an obtuse angle with each of the portions of the
first region 11 and the second region 12 that extend in the
second direction y, as in the embodiment of FIG. 4. In addi-
tion, each of the first region 11 and the second region 12
includes a fourth region 14 that extends in the first direction x,
a fifth region 15 that extends in the second direction y, and a
sixth region 16 that couples the fourth region 14 to the fifth
region 15 and has a curvature.

[0109] Furthermore, according to the embodiment of FIG.
10, in order for the driving channel region 13141 to realize a
relatively longer channel length, the third region 13 further
includes a plurality of curved portions as shown, and not only
a linear portion.

[0110] FIG. 12 is a plan view of a pattern of a driving
channel region, according to a comparative example used to
explain embodiments according to the present invention.
[0111] Referring to FIG. 12, the driving channel region of a
driving semiconductor layer 1314', according to the compara-
tive example, has a design in which the vertical axis of a third
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region 3 is perpendicular to those of the first region 1 and the
second region 2. That is, because the driving channel region
has a “2 ” shape (e.g.. an S shape), the width of the driving
semiconductor layer 131a' becomes non-uniform (e.g., nar-
rower at one region that at other regions) and the length of the
third region 3 becomes very short, thus, a definition of the
channel width at the driving channel region near the third
region 3 may become unclear. For example, the channel width
of a corner may be wider than a predicted width (e.g., an
expected width) due to the reflow of photoresist, an error in an
amount of light exposure, an etching error, etc. at the corners
where the third region 3 is electrically coupled to the first
region 1 and the second region 2 but the channel width at the
third region 3 that is a linear portion may thus berealized to be
relatively narrow. Thus, it is difficult to realize a uniform
channel width over the entire length of the driving channel
region in such a structure.

[0112] According to the above-described embodiments of
FIGS. 4 through 9, it is possible to realize a substantially
constant (e.g., constant) channel width over the entire length
of the driving channel region 13141 without a loss in a length
ofthe driving channel region 13141 due to the arrangement of
the third region 13, the correction of the outer corner 16a, and
the correction of the inner corner 164. In addition, according
to the embodiment of FIGS. 10 and 11, it is possible to
increase (e.g., maximize) a length of the driving channel of
the driving channel region 131a1 by adding the curved por-
tions to the third region 13.

[0113] While the present invention has been described
through the above example embodiments, one of ordinary
skill in the art will understand that the embodiments are not
limited thereto and various suitable modifications and varia-
tions may be made within the concept and scope of the present
invention, as defined by the following claims and equivalents
thereof.

What is claimed is:
1. An organic light-emitting display apparatus comprising:
a switching thin film transistor (TFT) on a substrate,

wherein the switching TFT is electrically coupled to a
scan line and a data line;

a driving TFT electrically coupled to the switching TFT,
the driving TFT comprising a driving semiconductor
layer; and

an organic light-emitting diode (OLED) electrically
coupled to the driving TFT,

wherein the driving semiconductor layer comprises:

a first region bending from a first direction to a second
direction that intersects with the first direction;

a second region bending from the second direction to the
first direction; and

a third region coupling the first region to the second region,
the third region making an obtuse angle with each of the
first region and the second region.

2. The organic light-emitting display apparatus of claim 1,
wherein each of the first region and the second region com-
prises:

a fourth region extending in the first direction;

a fifth region extending in the second direction; and

a sixth region coupling the fourth region to the fifth region,
the sixth region having a curvature.

3. The organic light-emitting display apparatus of claim 2,

wherein the sixth region comprises an outer corner and an
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inner comer that faces the outer corer, and wherein a radius
of curvature of the outer corner is greater than a radius of
curvature of the inner corner.

4. The organic light-emitting display apparatus of claim 1,
wherein the driving semiconductor layer has a constant width
from the first region to the third region.

5. The organic light-emitting display apparatus of claim 1,
wherein a length of the first region or a length of the second
region is longer than a length of the third region.

6. The organic light-emitting display apparatus of claim 1,
wherein the third region comprises a linear portion.

7. The organic light-emitting display apparatus of claim 1,
wherein the third region comprises a plurality of curved por-
tions.

8. The organic light-emitting display apparatus of claim 1,
further comprising:

a first dielectric layer on the substrate to cover the driving

semiconductor layer; and

a capacitor on the first dielectric layer, wherein the capaci-
tor vertically faces the driving semiconductor layer.

9. The organic light-emitting display apparatus of claim 8,

wherein the capacitor further comprises:

a first capacitor electrode on the first dielectric layer,
wherein the first capacitor electrode vertically faces the
driving semiconductor layer and functions as a driving
gate electrode;

a second dielectric layer covering the first capacitor elec-
trode; and

asecond capacitor electrode on the second dielectric layer,
wherein the second capacitor electrode vertically faces
the first capacitor electrode.

10. The organic light-emitting display apparatus of claim 1,
further comprising a compensation TFT configured to com-
pensate a threshold voltage of the driving TFT, wherein the
compensation TFT is electrically coupled to the driving TFT.

11. The organic light-emitting display apparatus of claim 1,
further comprising a light-emitting control TFT configured to
turn on by a light-emitting control signal that is supplied by a
light-emitting control line, wherein the light-emitting control
TFT s configured to deliver a driving voltage from the driving
TFT to the OLED and is located between the driving TFT and
the OLED.

12. The organic light-emitting display apparatus of claim
11, further comprising an operation control TFT configured
to turn on by the light-emitting control signal that is delivered
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by the light emitting control line, wherein the operation con-
trol TFT is configured to deliver a driving voltage to the
driving TFT and is located between a driving voltage line and
the driving TFT.

13. The organic light-emitting display apparatus of claim
12, further comprising an initializing TFT configured to turn
on according to a previous scan signal that is delivered
through a previous scan line, wherein the initializing TFT is
configured to deliver an initializing voltage to a driving gate
electrode of the driving TFT and is located between an ini-
tializing voltage line and the driving TFT.

14. A photo mask for manufacturing an organic light-emit-
ting display apparatus, the photo mask comprising:

a switching opening pattern corresponding to a switching

semiconductor layer; and

a driving opening pattern coupled to the switching opening

pattern, the driving opening pattern corresponding to a
driving semiconductor layer and comprising:

a first opening pattern bending from a first direction to a

second direction that intersects with the first direction;

a second opening pattern bending from the second direc-

tion to the first direction; and

a third opening pattern coupling the first opening pattern to

the second opening pattern, the third opening pattern
making an obtuse angle with each of the first opening
pattern and the second opening pattern.

15. The photo mask of claim 14, wherein each of the first
opening pattern and the second opening pattern comprises an
outer corner that is chamfered.

16. The photo mask of claim 15, wherein each of the first
opening pattern and the second opening pattern further com-
prises a corrected pattern having an inner corner facing the
outer corner, the inner corner protruding toward the outer
corner.

17. The photo mask of claim 14, wherein the driving open-
ing pattern has a substantially constant width from the first
opening pattern to the third opening pattern.

18. The photo mask of claim 14, wherein a length of the
first opening pattern or a length of the second opening pattern
is longer than a length of the third opening pattern.

19. The photo mask of claim 14, wherein the third opening
pattern comprises a linear portion.

20. The photo mask of claim 14, wherein the third opening
pattern comprises a plurality of curved portions.
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