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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND PHOTOMASK FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2013-0107505,
filed on Sep. 6, 2013, and entitled “Organic Light-Emitting
Display Apparatus and Photomask For Manufacturing The
Same,” is incorporated by reference herein in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Oneormore embodiments described hereinrelate to
a display apparatus.

[0004] 2. Description of the Related Art

[0005] Various display apparatuses use thin-film transistors
(TFTs), capacitor, and associated wiring to display images.
Examples of these apparatuses include but are not limited to
organic light-emitting diode (OLED) display apparatus and
liquid crystal display (LCD) apparatuses.

[0006] During manufacture, a substrate is formed to
include fine patterns that include complex connections
among the TFTs, capacitors, and wiring. The demand for
higher resolution displays and compact displays for use in
smaller portable devices has made space efficiency a goal for
product designers.

SUMMARY

[0007] In accordance with one embodiment, a display
apparatus includes a switching thin-film transistor (TFT) ona
substrate and connected to a scan line and a data line, a driving
TFT connected to the switching TFT, and a display device
connected to the driving TFT. The driving TFT includes a
driving semiconductor layer includes a first region extending
in a first direction, a first curved portion curved at an end of the
first region and which changes direction, a second region
extending in a second direction and having an end connected
to the first curved portion, a third region extending in the
second direction, a second curved portion curved at an end of
the third region and which changes direction, a fourth region
extending in the first direction and having an end connected to
the second curved portion, and a connecting region to connect
the second and third regions, and wherein widths of the sec-
ond and third regions are narrower than widths of the first and
fourth regions.

[0008] Also, the widths of the first and fourth regions may
be substantially equal. The widths of the second and third
regions may be substantially equal. The connecting region
may include a region extending in the first direction. The
connecting region may extend to form an obtuse angle rela-
tive to each of the second and third regions.

[0009] Also, each of the first and second curved portions
may include an inner corner corresponding to an outer corner,
and a radius of curvature of the outer corner 1s greater than a
radius of curvature of the inner corner.

[0010] Also, a width of the connecting region may be sub-
stantially equal to the widths of the first and fourth regions. A
width of the connecting region may be substantially equal to
widths of the second and third regions. Lengths of the first and
fourth regions may be longer than lengths of the second and
third regions.
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[0011] Also, the apparatus may include a first semiconduc-
tor pattern connected to another end of the first region and
extending in the second direction, and a second semiconduc-
tor pattern connected to another end of the fourth region and
extending in the second direction. A distance between the first
semiconductor pattern and the third region may be substan-
tially equal to a distance between the second semiconductor
pattern and the second region.

[0012] Also, the apparatus may include a first insulating
film on the substrate and overlapping the driving semicon-
ductor layer, and a capacitor on the first insulating film and
overlapping the driving semiconductor layer. The capacitor
may include a first electrode on the first insulating film, over-
lapping the driving semiconductor layer, and performing
functions of a driving gate electrode; a second insulating film
overlapping the first electrode; and a second electrode on the
second insulating film and overlapping the first electrode. The
display device may be an organic light-emitting device which
includes an organic emission layer between first and second
electrodes.

[0013] In accordance with another embodiment, a photo-
mask for manufacturing a display apparatus includes a
switching opening pattern corresponding to a switching semi-
conductor layer, and a driving opening pattern connected to
the switching opening pattern and corresponding to a driving
semiconductor layer. The driving opening pattern includes a
first region extending in a first direction, a first corer portion
connected to an end of the first region and which changes
direction, a second region extending in a second direction and
having an end connected to the first corner portion, a third
region extending in the second direction, a second corner
portion connected to an end of the third region and which
changes a direction, a fourth region extending in the first
direction and having an end connected to the second corner
portion, and a connecting region to connect the second region
and the third region. Widths of the second and third regions
are narrower than widths of the first and fourth regions.
[0014] Also, the connecting region may include a region
extending in the first direction. The connecting region may be
at an obtuse angle relative to each of the second and third
regions. Each of the first and second corner portions may
include an inner corner corresponding to and outer corner,
and the outer corner is chamfered.

[0015] Also, the widths of the second and third regions may
be substantially equal. The connecting region may have a
width that is substantially equal to the widths of the second
and third regions.

[0016] In accordance with another embodiment, a semi-
conductor device includes a substrate, and a semiconductor
layer over the substrate, wherein the semiconductor layer
changes direction at least twice and has at least two different
widths in a same plane, and wherein a length of a current path
through the semiconductor layer is greater than a shortest
path in the same plane.

[0017] Also, the semiconductor layer may have at least
three segments, a second segment is between first and third
segments, and a width of the second segment is different from
widths of the first and third segments. The width of the second
segment may be less than widths of the first and third seg-
ments.

[0018] Also, the first and third segments extend in a first
direction, and the second segment extends in a second direc-
tion. The first direction may be substantially perpendicular to
the second direction. The semiconductor layer may have a
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rounded corner in the same plane. The semiconductor layer
may be included in a pixel of in an image display area.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Features will become apparent to those of ordinary
skill in the art by describing in detail exemplary embodiments
with reference to the attached drawings in which:

[0020] FIG. 1 illustrates an embodiment of a pixel in an
OLED apparatus;

[0021] FIG. 2 illustrates a plan view of the pixel;

[0022] FIG. 3illustrates a view taken along a section line in
FIG. 2;

[0023] FIG. 4 illustrates region IV in FIG. 2;

[0024] FIG. 5illustrates examples of average driving range

of a gate voltage and a process variation that may correspond
to an embodiment of an OLED apparatus;

[0025] FIG. 6 illustrates an example of a photomask for
preparing the pattern in FIG. 4;

[0026] FIG. 7 illustrates an embodiment of a driving semi-
conductor layer of an OLED apparatus;

[0027] FIG. 8 illustrates an example of a photomask for
preparing the pattern in FIG. 7,

[0028] FIG. 9 illustrates another embodiment of a driving
semiconductor layer of an OLED apparatus;

[0029] FIG. 10 illustrates an example of a photomask for
preparing the pattern in FIG. 9;

[0030] FIG. 11 illustrates another embodiment of a driving
semiconductor layer of an OLED apparatus;

[0031] FIG. 12 illustrates an example of a photomask for
preparing the pattern in FIG. 11; and

[0032] FIG. 13 illustrates a Comparative Examiner of a
driving semiconductor layer.

DETAILED DESCRIPTION

[0033] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the art.
[0034] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between’ two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0035] The drawings discussed below include a 6Tr-1Cap
structure active matrix (AM) type organic light-emitting dis-
play apparatus. In this apparatus, six thin-film transistors
(TFT) and one capacitor is included in one pixel. Accord-
ingly, a display apparatus may be formed to include a plural-
ity of TFTs and at least one capacitor for one pixel, and/or
may include additional wiring. A pixel may be considered to
be a unit for displaying an image. In one embodiment, each
pixel includes a plurality of sub-pixels. In other embodi-
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ments, the pixel may be the minimum unit for displaying an
image. A display apparatus, thus, displays images using a
plurality of pixels.

[0036] FIG. 1 illustrates an embodiment of a pixel in an
organic light-emitting display apparatus. The organic light-
emitting display apparatus includes a display region for dis-
playing an image and a peripheral region disposed around the
display region. The display region and the peripheral region
are defined on a substrate. A plurality of pixels emitting light
and a plurality of wirings applying an electric signal to drive
each pixel are disposed in the display region.

[0037] Asillustrated in FIG. 1, the wirings may include, for
example, scan lines SLn and SLn-1 for transmitting scan
signals Sn and Sn-1, a data line DLm for transmitting a data
signal Dm, and a driving voltage line PL for transmitting a
driving voltage ELVDD. The wirings may further include an
initialization voltage line VL for transmitting an initialization
voltage VINT, and an emission control line EMLn for trans-
mitting an emission control signal EMn. Pixels are disposed
at respective locations where a plurality of wirings extending
in a first direction and a plurality of wirings extending in a
second direction cross each other.

[0038] Each pixel includes an organic light-emitting device
emitting light and a pixel circuit for driving the organic light-
emitting device. The pixel circuit drives the device, at least in
part, based on signals received from the wirings. In one
example application, the pixel circuit includes at least two
TFTs and at least one capacitor. Alternatively, as shown in
FIG. 1, the pixel circuit may include six TFTs and one capaci-
tor. In other embodiments, a different number of transistors,
capacitors, and/or wirings may be included,

[0039] In the pixel circuit of FIG. 1, the TFTs includes a
driving TFT T1,a switching TFT T2, acompensating TFT T3,
an initialization TFT T4, an operation control TFT T5, and an
emission control TFT T6.

[0040] A gate electrode G1 of the driving TFT T1 is con-
nected to a first capacitor electrode Cstl of a storage capacitor
Cst. A source electrode S1 of the driving TFT T1 is connected
to the driving voltage line PL through operation control TFT
T5. A drain electrode D1 of the driving TFT T1 is electrically
connected to an anode of an organic light-emitting device
OLED through emission control TFT T6. The driving TFT T1
receives data signal Dm according to a switching operation of
the switching TFT T2, to supply a driving current Ioled to the
organic light-emitting device OLED.

[0041] A gate electrode G2 of the switching TFT is con-
nected to the scan line SLn and 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, while also being
connected to the driving voltage line PL through the operation
control TFT T5. The switching TFT T2 performs a switching
operation of transmitting the data signal Dm received from
the data line DLm to the source electrode S1 of the driving
TFT T1 by being turned on according to the scan signal Sn
received through the scan line SLn.

[0042] A gateelectrode G3 of the compensating TFT T3 is
connected to the scan line SLn. A source electrode S3 of the
compensating TFT T3 is connected to a drain electrode D1 of
the driving TFT T1, while also being connected to the anode
of the organic light-emitting device OLED through the emis-
sion control TFT T6. A drain electrode D3 of the compensat-
ing TFT T3 is connected to the first capacitor electrode Cstl
of the storage capacitor Cst, a drain electrode D4 of the
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initialization TFT T4, and the gate electrode G1 of the driving
TFT T1. The compensating TFT T3 is turned on according to
the scan line Sn received through the scan line SLn. When
turned on, the compensating TFT T3 connects the gate and
drain electrodes G1 and D1 of the driving TFT T1, thereby
diode-connecting the driving TFT T1 to compensate for a
threshold voltage of the driving TFT T1.

[0043] A gate electrode G4 of the initialization TFT T4 is
connected to the scan line SLn-1 and 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 capacitor electrode Cstl of
the storage capacitor Cst, the drain electrode D3 of the com-
pensating TFT T3, and the gate electrode G1 of the driving
TFT T1. The initialization TFT T4 performs an initialization
operation which includes initializing a voltage of the gate
electrode G1 of the driving TFT T1. This may be performed
by coupling initialization voltage VINT to the gate electrode
G1 ofthe driving TFT T1. Theinitialization TFT T4 is turned
onaccording to the scan signal Sn-1 received through the scan
line SLn-1.

[0044] A gateelectrode G5 of the operation control TFT T5
is connected to the emission control line EMLn. A source
electrode S5 of the operation control TFT T5 is connected to
the driving voltage line PL, and a drain electrode D5 of the
operation 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. The operation control TFT T5 is between
the driving voltage line PL and the driving TFT T1. The
operation control TFT T5 is turned on according to the emis-
sion control signal EMn received from the emission control
line EMLn, for the purpose of coupling driving voltage
ELVDD to the driving TFT T1.

[0045] A gate electrode G6 of the emission control TFT T6
is connected to the emission control line EMLn. A source
electrode S6 of the emission control TFT T6 is connected to
the drain electrode D1 of the driving TFT T1 and the source
electrode S3 of the compensating TFT T3. A drain electrode
D6 of the emission control TFT T6 is electrically connected to
the anode of the organic light-emitting device OLED. The
emission control TET T6 is between the driving TFT T1 and
the organic light-emitting device OLED. The emission con-
trol TFT T6 is turned on according to the emission control
signal EMn received through the emission control line
EMLn. When turned on, the emission control TFT T6 trans-
mits the driving voltage ELVDD from the driving TFT T1 to
the organic light-emitting device OLED.

[0046] The operation control TFT T5 and emission control
TFT T6 are simultaneously turned on according to the emis-
sion control signal EMn received through the emission con-
trol line EMLn. When turned on, the driving voltage EVL.DD
is reaches the organic light-emitting device OLED. As a
result, the driving current Ioled flows through the organic
light-emitting device OLED.

[0047] A second capacitor electrode Cst2 of the storage
capacitor Cst is connected to the driving voltage line PL. A
cathode of the organic light-emitting device OLED is con-
nected to a common voltage ELVSS. Accordingly, the organic
light-emitting device OLED displays an image by receiving
the driving current Ioled from the driving TFT T1 and emit-
ting light.

[0048] FIG. 2 illustrates a plan view of the pixel of FIG. 1,
and FIG. 3 illustrates a cross-sectional view taken along a line
1II-1IT of FIG. 2. Referring to FIGS. 2 and 3, a semiconductor
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layer 1112 curved in various ways is disposed on a substrate
110. The semiconductor layer 1112 may include a semicon-
ductor material such as poly-silicon, and may include a chan-
nel region on which an impurity is not doped. Source and
drain regions may be disposed on respective sides of the
channel region in areas on which impurities are doped.
[0049] A buffer layer 111 for preventing penetration of
impure elements and flattening a surface may be disposed
between the substrate 110 and the semiconductor layer 1112.
[0050] The semiconductor layer 1112 may include a driv-
ing semiconductor layer 112 in the driving TFT T1 and a
switching semiconductor layer in the switching TFT T2. In
FIG. 3, only the driving semiconductor layer 1112 is illus-
trated.

[0051] The driving semiconductor layer 112 may include a
driving channel region 112a. A driving source region 1125
and a driving drain region 112¢ are respectively formed on
ends of the driving channel region 112a. In order to lengthen
the driving channel region 112« in a small space, the driving
channel region 112a may have a curved shape such as “ 2"
with curved portions.

[0052] A first insulating layer 113 is disposed on the sub-
strate 110 to cover the semiconductor layer 1112. The first
insulating layer 113 may be a multilayer or single layer thing
film including inorganic or organic material.

[0053] A driving gate electrode 114 is disposed in a region
corresponding to the driving semiconductor layer 112 on the
first insulating layer 113. The driving gate electrode 114 may
operate as the first capacitor electrode Cstl of the storage
capacitor Cst, and therefore may be referred to as the first
capacitor electrode 114.

[0054] Thestorage capacitor Cst includes the first capacitor
electrode 114 and a second capacitor electrode 116. The
second capacitor electrode Cst2 is disposed on a second insu-
lating layer 115. The capacitance of the storage capacitor Cst
is determined based on an area of a region in which the first
and second capacitor electrodes 114 and 116 overlap, and
also based on a dielectric constant of the second insulating
layer 115.

[0055] The driving semiconductor layer 112 has curved
portions to increase the length of the driving channel region
112a. The storage capacitor Cst may have sufficient capaci-
tance at high resolution by forming the storage capacitor Cst
to overlap the driving semiconductor layer 112, to thereby
form a region for the storage capacitor Cst reduced by the
driving semiconductor layer 112.

[0056] A third insulating layer 117 is disposed on the sec-
ond insulating layer 115 to cover the second capacitor elec-
trode 116, the data line DLm is disposed on the third insulat-
ing layer 117, and a fourth insulating layer 119 is disposed on
the third insulating layer 117 to cover the data line DLm.

[0057] A firstelectrode 120, an organic emission layer 121,
and a second electrode 122 of the organic light-emitting
device OLED are disposed on the fourth insulating layer 119.
Atleast one of ahole injection layer, a hole transport layer, an
electron transport layer, or an electron injection layer may be
disposed between the first and second electrodes 120 and 122,
as well as the organic emission layer 121. Also, other function
layers may be disposed between the first and second elec-
trodes 120 and 122.

[0058] The first electrode 120 of the organic light-emitting
device OLED may be electrically connected to the driving
TFT T1 through a via hole VIA shown in FIG. 2.
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[0059] When the organic light-emitting device OLED is a
full color organic light-emitting device OLED, the organic
emission layer 121 may be patterned to correspond to a red
emission layer, a green emission layer, and a blue emission
layer, respectively, according to a red sub-pixel, a green sub-
pixel, and a blue sub-pixel.

[0060] The organic emission layer 121 may have a multi-
layer structure, in which a red emission layer, a green emis-
sion layer, and a blue emission layer are stacked on each other.
Alternatively, the organic emission layer 121 may have a
single-layer structure including a red emission layer, a green
emission layer, and a blue emission layer to emit white light.
The organic light-emitting device OLED including organic
emission layer 121 may further include a red color filter, a
green color filter, and a blue color filter to display full color.
[0061] As previously indicated, the driving semiconductor
layer 112 has curved portions to increase the length of the
driving channel region 112¢ in a small space. The curved
portions may cause the driving semiconductor layer to form
various curved patterns. An example of one curved pattern
has a shape of “ 2 .” In other embodiments, the driving semi-
conductor layer may have a different curved pattern with a
fewer or greater number of curves.

[0062] Because the driving channel region 1124 of the driv-
ing semiconductor layer 112 may be long, a driving range of
agate voltage applied to the driving gate electrode 114 may be
increased. Since the driving range of the gate voltage is
increased, a gray scale value of light emitted from the organic
light-emitting device OLED may be more precisely con-
trolled by changing the gate voltage. Thus, the resolution and
display quality of the organic light-emitting display apparatus
may be increased.

[0063] The driving semiconductor layer 112 including the
semiconductor layer 1112 may be formed, for example, using
a photolithography method. In such a method, the semicon-
ductor layer 1112 that needs to be patterned is formed
throughout the substrate 110. Then, a photoresist having a
photosensitive property is formed on the semiconductor layer
1112. Then, a photomask having a desired pattern is disposed
and exposed to light, so that the photoresist has the desired
pattern corresponding to the photomask. Next, the remaining
pattern of the photoresist is used as a mask to etch the semi-
conductor layer 1112, to thereby form a pattern or shape of the
driving semiconductor layer 112.

[0064] A pattern having a complex shape which includes
curved portions, such as may correspond to the driving semi-
conductor layer 112, may be difficult to form during a pho-
tolithography process, for example, due to reflow, an expo-
sure amount error, and an etching error of a photoresist. In
other words, the final product formed by this process may not
be uniform due to process variations (e.g., process disper-
sions) generated during a photolithography process.

[0065] Moreover, when the resolution of the organic light-
emitting display apparatus is to be increased. a left and right
width of a pixel may be decreased. Thus, a space where the
driving semiconductor layer 112 may be limited.

[0066] FIG. 13 illustrates a pattern of a driving semicon-
ductor layer 112" according to Comparative Example. When
widths W1' through W4' of first through fourth regions 11'
through 14' are the same (or substantially the same), and a
space where the driving semiconductor layer 112' is disposed
is small, an actual path of a current flowing from a driving
source region 1124' to a driving drain region 112¢' becomes
P2 instead of P1. Consequently, the driving range in the
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semiconductor layer 112" may not be wide. A driving range
may be further reduced if a space where a driving semicon-
ductor layer is reduced.

[0067] However, when the overall width of a driving semi-
conductor layer is reduced, process variations tend to sub-
stantially increase. Thus, the quality of the display apparatus
may deteriorate. One or more of the embodiments disclosed
herein form a satisfactory current path in the driving channel
region and also reduce process variations, thereby producing
improved image quality from the display device.

[0068] FIG. 4 is an enlarged view of region IV in FIG. 2,
and FIG. 5 illustrates a non-limiting example of an average
gate-voltage driving range and process variations according
to a width of driving semiconductor layer 112.

[0069] Referring to FIG. 4, semiconductor layer 112
includes a first region 11 extending in a first (X) direction, a
first curved portion 15 which curves at one end of the first
region 11 to change direction, and a second region 12 extend-
ing in a second (Y) direction having one end connected to the
first curved portion 15. The semiconductor layer 112 also
includes a third region 13 extending in the second direction, a
second curved portion 16 curved at one end of the third region
13 to change direction, a fourth region 14 extending in the first
direction and having one end connected to the second curved
portion 16, and a connecting portion 17 connecting the sec-
ond and third regions 12 and 13. As shown in FIG. 4, widths
W2 and W3 of the second and third regions 12 and 13 are
narrower than widths W1 and W4 of the first and fourth
regions 11 and 14.

[0070] The driving semiconductor layer 112 includes the
driving channel region 1124, the driving source region 1125,
and the driving drain region 112¢. A region adjacent to the
other end of the fourth region 14 corresponds to the driving
source region 1125 on which an impurity is doped. A region
adjacent to the other end of the first region 11 corresponds to
the driving drain region 112¢, on which an impurity is doped.
Accordingly, current may flow from the driving source region
1125 to the driving drain region 112¢ through the driving
channel region 112a.

[0071] According to this embodiment, the driving channel
region 112a of the driving semiconductor layer 112 has a
shape of “& . This shape allows the length of the driving
channel region 112a through which current flows to be
increased within a small space. As a result, the driving range
of the gate voltage may be increased.

[0072] In one embodiment, the first and fourth regions 11
and 14 extending in the first direction X may have substan-
tially the same widths W1 and W4. The second and third
regions 12 and 13 extending in the second direction Y may
have substantially the same widths W2 and W3. Also, the
widths W1 and W4 of the first and fourth regions 11 and 14
may be wider than the widths W2 and W3 of the second and
third regions 12 and 13. Also, lengths L1 and L4 of the first
and fourth regions 11 and 14 may be longer than lengths .2
and L3 of the second and third regions 12 and 13.

[0073] The driving semiconductor layer 112 also includes
connecting portion 17 which connects the second and third
regions 12 and 13. The connecting portion 17 may include a
region extending in the first direction X. In other words, an
extending direction of the second and third regions 12 and 13
may be approximately perpendicular to an extending direc-
tion of the connecting portion 17 in one non-limiting embodi-
ment.
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[0074] The connecting portion 17 may have a width W5
which is substantially the same as the widths W1 and W4 of
the first and fourth regions 11 and 14.

[0075] Inother words, the region of driving semiconductor
layer 112 extending in the second direction Y may have a
narrow width. Thus an actual path of current flowing through
the driving channel region 112a may be lengthened.

[0076] As shown in FIG. 9, current does not move along a
center line of the driving channel region 1124, but tends to
move in a shortest path within a defined region. Accordingly,
by forming the region to extend in the second direction Y to be
narrow according to the current embodiment, a path of a
current may be prevented from being shortened, as current
flows along an inner edge of the second and third regions 12
and 13. Thus, the length of the connecting portion 17 may be
increased. In other words, the driving semiconductor layer
112 is disposed in a limited space for high resolution. The
driving semiconductor layer 112 may have a curved shape
(e.g., “=27), where the widths of one or more regions are
formed to be narrower than the widths of one or more other
regions. As a result, the driving range of the gate voltage is
increased.

[0077] Also, because the second and third regions 12 and
13 have shorter lengths than the first and fourth regions 11 and
14 and do not have a curved portion, process variation may
not be increased compared to when the widths W1 through
W4 are the same. This is so even when the widths W2 and W3
of the second and third regions 12 and 13 are narrow.

[0078] Referring to FIG. 5, Case 1 corresponds to when
widths of first through fourth regions are 3 um. Case 2 corre-
spond to when widths of first and fourth regions are 3 pum and
widths of second and third regions are 2 pm. Case 3 corre-
sponds to when widths of first and fourth regions are 3 pm and
widths of second and third regions are 1.5 um. Case 4 corre-
sponds to when widths of first through fourth regions are 2
pm.

[0079] Also, in FIG. 5, the left vertical axis is a bar graph
which denotes an average driving voltage [V] of a gate volt-
age. The right vertical graph corresponds to a line graph
which denotes a deviation [V] of a driving voltage according
to a process variation. From these graphs, when widths W2
and W3 of the second and third regions 12 and 13 are narrow
as in the driving semiconductor layer 112 of the current
embodiment, driving voltages increase up to about 9% (Case
2) and about 14% (Case 3), but process variation barely
increases.

[0080] However, when overall widths of the driving semi-
conductor layer are decreased to 2 um, the driving range
increases but process variation remarkably increases accord-
ing to the decreased overall width. The quality of images
produced from the display device may therefore deteriorate.
[0081] Referring back to FIG. 4, the organic light-emitting
display apparatus according to the current embodiment may
include a first semiconductor pattern 1112a connected to the
other end of the first region 11 in the driving semiconductor
layer 112. A second semiconductor pattern 11125 is con-
nected to the other end of the fourth region 14. The first and
second semiconductor patterns 1112¢ and 11125 extend in
the second direction Y.

[0082] In other words, semiconductor layer 1112 includes
the driving semiconductor layer 112, the first semiconductor
pattern 1112a, and the second semiconductor pattern 11125.
One region of each of the first and second semiconductor
patterns 1112a and 11125 may be another TFT included in the
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organic light-emitting display apparatus, for example, a semi-
conductor layer of a switching TFT.

[0083] While forming the semiconductor layer 1112, adja-
cent lines are spaced from each other by a minimum or pre-
determined distance. Thus, a space where the driving semi-
conductor layer 112 is disposed may be determined by the
first and second semiconductor patterns 1112a and 11125.
[0084] In order to increase the space where the driving
semiconductor layer 112 is disposed, the second and third
regions 12 and 13 may be disposed to reduce a distance L5
between the first semiconductor pattern 1112a and the third
region 13 and/or to reduce a distance L6 between the second
semiconductor pattern 11125 and the second region 12. In
other words, the distances L5 and L6 may be the same.
[0085] According to one embodiment, a minimum distance
may be about 5 pm, where distance L5 denotes a distance
between a side of the first semiconductor pattern 1112a oppo-
site to a direction where the driving semiconductor layer 112
is disposed and an outer side of the third region 13. The
distance L6 denotes a distance between a side of the second
semiconductor pattern 11125 opposite to a direction where
the driving semiconductor layer 112 is disposed and an outer
side of the second region 12.

[0086] The first curved portion 15 changes direction by
being curved at the end of the first region 11. The second
curved portion 16 changes direction by being curved at the
end of the third region 13. In other words, the first curved
portion 15 connects the first and second regions 11 and 12,
and the second curved portion 16 connects the third and
fourth regions 13 and 14.

[0087] FIG. 6 illustrates an example of a photomask for
preparing the pattern shown in FI1G. 4. Referring to F1G. 6, the
photomask includes a switching opening pattern correspond-
ing to a switching semiconductor layer, and a driving opening
pattern M 112 connected to the switching opening pattern and
corresponding to the driving semiconductor layer 112.
[0088] The driving opening pattern M112 includes a first
region M11 extending in the first direction X, a first corner
portion M15 connected to one end of the first region M 11 and
which changes direction, a second region M12 extending in
the second direction Y and having one end connected to the
first corner portion M15, a third region M13 extending in the
second directionY, a second corner portion M16 connected to
one end of the third region M13 and which changes direction,
a fourth region M14 extending in the first direction X and
having one end connected to the second corner portion M16,
and a connecting portion M17 connecting the second and
third regions M12 and M13. Widths Wb and Wc of the second
and third regions M 12 and M 13 are narrower than widths Wa
and Wd of the first and fourth regions Ml 1 and M14.

[0089] Referring to the driving semiconductor layer 112 of
FIG. 4, the first region 11, the second region 12, the third
region 13, the fourth region 14, the first curved portion 15, the
second curved portion 16, and the connecting portion 17 of
the driving semiconductor layer 112 may respectively corre-
spond to the first region M11, the second region M12, the
third region M13, the fourth region M14, the first corner
portion M15, the second corner portion M16, and the con-
necting portion M17 of the driving opening pattern M112.
[0090] Thewidths Waand Wd of the firstand fourth regions
M11 and M14 extending in the first direction X may be
substantially the same. The widths Wb and We of the second
and third regions M12 and M13 extending in the second
direction’ Y may be substantially the same. The widths Wa and
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Wd ofthe first and fourth regions M11 and M 14 may be wider
than the widths Wb and We of the second and third regions
M12 and M13. Lengths La and Ld of the first and fourth
regions M 11 and M 14 may be longer than lengths Lb and L¢
of the second and third regions M12 and M13.

[0091] The widths Wa through Wd of the first through
fourth regions M11 through M14 may respectively corre-
spond to the widths W1 through W4 of the first through fourth
regions 11 through 14 of the driving semiconductor layer 112.
These widths may have substantially have the same value
within an error range during a patterning process.

[0092] The driving opening pattern M112 according to the
current embodiment includes connecting portion M17 con-
necting the second and third regions M12 and M13. The
connecting portion M17 may include a region extending in
the first direction X. In other words, an extending direction of
the second and third regions M12 and M13 may be approxi-
mately perpendicular to an extending direction of the con-
necting portion M17. The connecting portion M17 may have
awidth We which may be substantially the same as the widths
Wa and Wd of the first and fourth regions M11 and M14.
[0093] FIG. 7 illustrates another embodiment of a driving
semiconductor layer 212 of an organic light-emitting display
apparatus, and FIG. 8 illustrates an example of a photomask
for preparing a pattern shown in FIG. 7.

[0094] Referring to FIG. 7, the driving semiconductor layer
212 includes a first region 21 extending in the first direction
X, afirstcurved portion 25 curved at one end of the first region
21 and which changes direction, a second region 22 extending
in the second direction Y and having one end is connected to
the first curved portion 25, a third region 23 extending in the
second direction'Y, a second curved portion 26 curved at one
end of the third region 23 and which changes direction, a
fourth region 24 extending in the first direction X and having
one end connected to the second curved portion 26, and a
connecting portion 27 connecting the second and third
regions 22 and 23. The widths W2 and W3 of the second and
third regions 22 and 23 are narrower than widths W1 and W4
of the first and fourth regions 21 and 24.

[0095] The driving semiconductor layer 212 is different
from the driving semiconductor layer 112 of FIG. 4 in the first
and second curved portions 25 and 26. In other words, the first
and second curved portions 25 and 26 respectively include
outer corners 25a and 26a, and inner corners 2556 and 265
respectively corresponding to the outer corners 25a and 26a.
Radii of curvatures ra of the outer corners 25¢ and 26a are
higher than radii of curvatures rb of the inner corners 255 and
26b. (A radius of curvature denotes a curvature of a curved
surface or a curved line). When the radius of curvature is high,
the curvature is gradual. Accordingly, the outer corners 25a
and 26a are more gradually curved than the inner corners 255
and 26H.

[0096] By gradually forming the outer corners 25a and 26a
ofthe first and second curved portions 25 and 26 of the driving
semiconductor layer 212, process variations (e.g. process
dispersion and error) that may occur while preparing driving
semiconductor layer 212 may be reduced. Also, since current
flowing through the first and second curved portions 25 and
26 in a driving channel region 2124 is biased in a direction of
the inner corners 255 and 265, a space where the current does
not flow may be removed, thereby making efficient use of
space.

[0097] FIG. 8 illustrates an example of a photomask for
forming the driving semiconductor layer 212 of FIG. 7. The

Mar. 12,2015

driving opening pattern M112 of the photomask includes a
first region M21 extending in the first direction X, a first
corner portion M25 connected to one end of the first region
M21 and which changes direction, a second region M22
connected to the first corner portion M25 and extending in the
second direction Y, a third region M23 extending in the sec-
ond direction, a second corner portion M26 connected to one
end of the third region M23 and which changes direction, a
fourth region M24 connected to the second corner portion
M26 and extending in the first direction X, and a connecting
portion M27 connecting the second and third region M22 and
M23. The widths Wb and We of the second and third regions
M22 and M23 are narrower than widths Waand Wd of the first
and fourth regions M21 and M24.

[0098] A driving opening pattern M212 is different from
the driving opening pattern M112 of FIG. 6 in the first and
second corner portions M25 and M26. Inother words, the first
and second corner portions M25 and M26 respectively
include outer corners M25a and M26a, and inner corners
M25b and M26b respectively corresponding to the outer cor-
ners M25a and M26a. The outer corners M25a and M26a may
be chamfered, e.g., an edge or corner is obliquely cut to form
a slope or a round shape. By chamfering the outer corners
M25a and M26a of the driving opening pattern M212, outer
corners 25q and 264 of the driving semiconductor layer 212
of FIG. 7 may be formed to gradually curve using the driving
opening pattern M212.

[0099] FIG. 9 illustrates another embodiment of a driving
semiconductor layer 312 of an organic light-emitting display
apparatus, and FIG. 10 illustrates an example of a photomask
for preparing a pattern shown in FIG. 9.

[0100] Referring to FIG. 9, the driving semiconductor layer
312 includes a first region 31 extending in the first direction
X, afirstcurved portion 35 curved at one end of the first region
31 and which changes direction, a second region 32 extending
in the second directionY and having one end connected to the
first curved portion 35, a third region 33 extending in the
second directionY, a second curved portion 36 curved at one
end of the third region 33 and which changes direction, a
fourth region 34 extending in the first direction X and having
one end is connected to the second curved portion 36, and a
connecting portion 37 connecting the second and third
regions 32 and 33. The widths W2 and W3 of the second and
third regions 32 and 33 are narrower than widths W1 and W4
of the first and fourth regions 31 and 34.

[0101] Driving semiconductor layer 312 is different from
the driving semiconductor layer 112 of FIG. 4 in the connect-
ing portion 37. In other words, the widths W2 and W3 of the
second and third regions 32 and 33 may be substantially the
same, and a width W5 of the connecting portion 37 may be
substantially the same as the widths W2 and W3 of the second
and third regions 32 and 33.

[0102] By forming the width W5 of the connecting portion
37 to be narrow, current flowing through driving channel
region 312a of driving semiconductor layer 312 may be pre-
vented from flowing through a shortest path in a connecting
portion having a wide width. Thus, the moving path of the
current may be further increased.

[0103] FIG. 10 illustrates an example of a photomask for
forming the driving semiconductor layer 312 of FIG. 9. A
driving opening pattern M312 of the photomask includes a
first region M31 extending in the first direction X, a first
corner portion M35 connected to one end of the first region
M31 and which changes direction, a second region M32
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connected to the first corner portion M35 and extending in the
second direction Y, a third region M33 extending in the sec-
ond direction Y, a second corner portion M36 connected to
one end of the third region M33 and which changes a direc-
tion, a fourth region M34 connected to the second corner
portion M36 and extending in the first direction X, and a
connecting portion M37 connecting the second and third
region M32 and M33. The widths Wb and Wc of the second
and third regions M32 and M33 are narrower than widths Wa
and Wd of the first and fourth regions M31 and M34.

[0104] The widths Wb and Wc of the second and third
regions M32 and M33 may be substantially the same. A width
We of the connecting portion M37 may be substantially the
same as the widths Wb and Wc¢ ofthe second and third regions
M32 and M33. The width We of the connecting portion M37
corresponds to the width W5 of the connecting portion 37 in
driving semiconductor layer 312 of FIG. 9, and may have the
same value within a process error range.

[0105] FIG. 11 illustrates another embodiment of a driving
semiconductor layer 412 of an organic light-emitting display
apparatus, and F1G. 12 illustrates an example of a photomask
for preparing a pattern in FIG. 11.

[0106] Referring to FIG. 11, driving semiconductor layer
412 includes a first region 41 extending in the first direction
X, afirstcurved portion 45 curved at one end of the first region
41 and which changes direction, a second region42 extending
in the second direction Y and having one end is connected to
the first curved portion 45, a third region 43 extending in the
second direction Y, a second curved portion 46 curved at one
end of the third region 43 and which changes direction, a
fourth region 44 extending in the first direction X and having
one end connected to the second curved portion 46, and a
connecting portion 47 connecting the second and third
regions 42 and 43. The widths W2 and W3 of the second and
third regions 42 and 43 are narrower than widths W1 and W4
of the first and fourth regions 41 and 44.

[0107] The driving semiconductor layer 412 is different
from the driving semiconductor layer 112 of FIG. 4 in the
connecting portion 47. That is, connecting portion 47 may
extend to form an obtuse angle relative to each of the second
and third regions 42 and 43. In other words, the connecting
portion 47 includes a linear portion which has a center axis
that forms an obtuse angle with a center axis of the second
region 42 and which forms an obtuse angle with a center axis
of third region 43. Accordingly, the connecting portion 47 is
disposed in an oblique line with respect to the second direc-
tion'Y to connect the second and third regions 42 and 43.
[0108] Also, in this embodiment, a sufficient length of a
driving channel region 412a of the driving semiconductor
layer 412 is obtained when a space where driving semicon-
ductor layer 412 is disposed is narrow in the first direction X
and is spaced in the second direction Y. Thus, the driving
range of the gate electrode is increased. Also, since curves of
a region where the second region 42 and the connecting
portion 47 are connected and of a region where the third
region 43 and the connecting portion 47 are connected are
gradual, process variations (e.g. process deviation and error)
may be reduced.

[0109] FIG. 12 illustrates an example of a photomask for
forming driving semiconductor layer 412 of FIG. 11. As
shown in FIG. 12, driving opening pattern M412 of the pho-
tomask includes a first region M41 extending in the first
direction X, a first corner portion M45 connected to one end
of the first region M41 and which changes direction, a second
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region M42 connected to the first corner portion M45 and
extending in the second direction Y, a third region M43
extending in the second direction Y, a second corner portion
M46 connected to one end of the third region M43 and which
changes direction, a fourth region M44 connected to the sec-
ond corner portion M46 and extending in the first direction X,
and a connecting portion M47 connecting the second and
third region M42 and M43. The widths Wb and We of the
second and third regions M42 and M43 are narrower than
widths Wa and Wd of the first and fourth regions M41 and
M44.

[0110] The connecting portion M47 may extend to have an
obtuse angle relative to each of the second and third regions
M42 and M43. Thus, the connecting portion M47 may be
suitable for obtaining a long driving channel length in a
limited space in the first direction X.

[0111] FIG. 13 illustrates a driving semiconductor layer
112" according to Comparative Example. Referring to FIG.
13, the driving semiconductor layer 112" includes first region
11' extending in the first direction X, second region 13'
extending in the second direction Y, third region 13' extending
in the second direction Y, and fourth region 14' extending in
the first direction X. The widths W1' through W4' of the first
through fourth regions 11' through 14" are substantially the
same.

[0112] Moreover, driving semiconductor layer 112" has a
shape of “ =" and thus has a driving channel region with a
long length. However, when a space where the driving semi-
conductor layer 112" is disposed is small, the current path is
P2 instead of P1, i.e., the current path P2 is shorter than a
desired current path P1. Thus, the driving range may not be
increased.

[0113] Also, when the space of the driving semiconductor
layer is further decreased, the driving range may be further
decreased. Also, when the overall width of the driving semi-
conductor layer is reduced to prevent a small driving range,
process variations are significantly increased, as previously
described with reference to FIG. 5. Thus, the quality of
images displayed by the display device may be deteriorated.
[0114] In contrast, according to the aforementioned
embodiments illustrated in FIGS. 4, 7, 9, and 11, the width of
the region extending in the second direction Y is decreased.
As a result, the driving range of a gate voltage is increased
because the actual current path is increased. As a result,
process variation is decreased to thereby produce a display
device that is able to generate images of improved quality.
Also, according to one or more of the above embodiments, an
organic light-emitting display apparatus may be provided to
have a small dispersion and a wide driving range.

[0115] Also, while many of the aforementioned embodi-
ments have been described relative to an OLED display
device, other embodiments may be applied to other types of
display devices including but not limited to liquid crystal
display devices.

[0116] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as would
be apparent to one of ordinary skill in the art as of the filing of
the present application, features, characteristics, and/or ele-
ments described in connection with a particular embodiment
may be used singly or in combination with features, charac-
teristics, and/or elements described in connection with other
embodiments unless otherwise specifically indicated.
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Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made without
departing from the spirit and scope of the present invention as
set forth in the following claims.

What is claimed is:

1. A display apparatus comprising:

a switching thin-film transistor (TFT) on a substrate and

connected to a scan line and a data line;

adriving TFT connected to the switching TFT; and

adisplay device connected to the driving TFT, wherein the

driving TFT includes a driving semiconductor layer
which includes:

a first region extending in a first direction;

afirst curved portion curved atan end of the first region and

which changes direction;

asecond region extending in a second direction and having

an end connected to the first curved portion;

a third region extending in the second direction;

asecond curved portion curved at an end of the third region

and which changes direction;

a fourth region extending in the first direction and having

an end connected to the second curved portion; and

a connecting region to connect the second and third

regions, and wherein widths of the second and third
regions are narrower than widths of the first and fourth
regions.

2. The apparatus as claimed in claim 1, wherein the widths
of the first and fourth regions are substantially equal.

3. The apparatus as claimed in claim 1, wherein the widths
of the second and third regions are substantially equal.

4. The apparatus as claimed in claim 1, wherein the con-
necting region includes a region extending in the first direc-
tion.

5. The apparatus as claimed in claim 1, wherein the con-
necting region extends to form an obtuse angle relative to
each of the second and third regions.

6. The apparatus as claimed in claim 1, wherein:

each of the first and second curved portions includes an

inner corner corresponding to an outer corner, and

a radius of curvature of the outer corner is greater than a

radius of curvature of the inner corner.

7. The apparatus as claimed in claim 1, wherein lengths of
the first and fourth regions are longer than lengths of the
second and third regions.

8. The apparatus as claimed in claim 1, further comprising:

a first semiconductor pattern connected to another end of

the first region and extending in the second direction;
and

a second semiconductor pattern connected to another end

of the fourth region and extending in the second direc-
tion.

9. The apparatus as claimed in claim 8, wherein a distance
between the first semiconductor pattern and the third region is
substantially equal to a distance between the second semicon-
ductor pattern and the second region.

10. The apparatus as claimed in claim 1, further compris-
ing:

a first insulating film on the substrate and overlapping the

driving semiconductor layer; and

a capacitor on the first insulating film and overlapping the

driving semiconductor layer.

11. The apparatus as claimed in claim 10, wherein the
capacitor comprises:
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a first electrode on the first insulating film, overlapping the
driving semiconductor layer, and performing functions
of a driving gate electrode;

asecond insulating film overlapping the first electrode; and

a second electrode on the second insulating film and over-
lapping the first electrode.

12. The apparatus as claimed in claim 1, wherein the dis-
play device is an organic light-emitting device which includes
an organic emission layer between first and second elec-
trodes.

13. A photomask for manufacturing a display apparatus,
the photomask comprising:

a switching opening pattern corresponding to a switching

semiconductor layer; and

a driving opening pattern connected to the switching open-
ing pattern and corresponding to a driving semiconduc-
tor layer, wherein the driving opening pattern includes:

a first region extending in a first direction;

a first corner portion connected to an end of the first region
and which changes direction;

a second region extending in a second direction and having
an end connected to the first corner portion;

a third region extending in the second direction;

a second corner portion connected to an end of the third
region and which changes a direction;

a fourth region extending in the first direction and having
an end connected to the second corner portion; and

a connecting region to connect the second region and the
third region, and wherein widths of the second and third
regions are narrower than widths of the first and fourth
regions.

14. The photomask as claimed in claim 13, wherein the
connecting region includes a region extending in the first
direction.

15. The photomask as claimed in claim 13, wherein the
connecting region is at an obtuse angle relative to each of the
second and third regions.

16. The photomask as claimed in claim 13, wherein:

each of the first and second cormer portions includes an
inner corner corresponding to and outer corner, and

the outer corner is chamfered.

17. The photomask as claimed in claim 13, wherein the

widths of the second and third regions are substantially equal.

18. The photomask as claimed in claim 17, wherein the
connecting region has a width that is substantially equalto the
widths of the second and third regions.

19. A semiconductor device, comprising:

a substrate; and

asemiconductor layer over the substrate, wherein the semi-
conductor layer changes direction at least twice and has
atleast two different widths in a same plane, and wherein
a length of a current path through the semiconductor
layer is greater than a shortest path in the same plane.

20. A semiconductor device, comprising:

a substrate;

asemiconductor layer over the substrate, wherein the semi-
conductor layer changes direction at least twice and has
atleast two different widths in a same plane, and wherein
the semiconductor layer has at least three segments, a
second segment is between first and third segments, and
awidth of the second segment is different from widths of
the first and third segments.
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