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(57) ABSTRACT

A display device includes a switching transistor, a driving
transistor, a storage capacitor connected to the switching and
driving transistors, and an organic light-emitting diode con-
nected to the driving transistor. The driving transistor is
connected to the switching transistor. The driving transistor
includes a semiconductor layer having a channel region, first
doped regions at sides of the channel region, and second
doped regions doped with impurities of a concentration
greater than the first doped regions. A first electrode layer is
over an insulating layer, which covers the semiconductor
layer. The electrode layer includes convex portions extend-
ing toward the first doped regions and covering an end of the
channel region. At least one of the convex portions has a
width greater than or equal to a width of the end of the
channel region.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2016-0036953,
filed on Mar. 28, 2016, and entitled, “Organic Light-Emit-
ting Display Device,” is incorporated by reference herein in
its entirety.

BACKGROUND

[0002] 1. Field

[0003] One or more embodiments relate to an organic
light-emitting display device.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display device includes a
plurality of pixels that emit light to form an image. Fach
pixel includes a pixel circuit, an organic light-emitting
diode, and an organic emission layer between two elec-
trodes. The pixel circuit includes thin film transistors and a
capacitor for driving the organic light-emitting diode. The
transistors include a switching transistor and a driving
transistor. In operation, electron and holes injected from the
electrodes recombine in the organic emission layer to form
excitons. Light is emitted when the excitons change state
and release energy.

[0006] The gray scale value of light emitted from each
pixel may be determined by adjusting the magnitude of a
gate voltage Vs of the driving transistor. The driving range
of the driving transistor is based on the gate voltage Vgs,
which is related to the channel length of a semiconductor
layer of the driving transistor. The semiconductor layer may
include polycrystalline silicon or amorphous silicon. Since
the electron mobility of polycrystalline silicon is greater
than that of amorphous silicon, polycrystalline silicon is
generally used.

[0007] A polycrystalline silicon transistor has an off-
current greater than that of an amorphous silicon transistor.
In an attempt to compensate for the greater off-current of the
polycrystalline silicon transistor, a lightly doped region may
be arranged between heavily doped source and drain regions
and a channel region of the polycrystalline silicon transistor.

SUMMARY

[0008] In accordance with one or more embodiments, an
organic light-emitting display device includes a switching
thin film transistor; a driving thin film transistor electrically
connected to the switching thin film transistor, the driving
thin film transistor including a driving semiconductor layer
which includes a driving channel region, first doped regions
at sides of the driving channel region, and second doped
regions doped with impurities of a concentration greater
than the first doped regions; a storage capacitor electrically
connected to the switching thin film transistor and the
driving thin film transistor; an organic light-emitting diode
electrically connected to the driving thin film transistor; a
first insulating layer covering the driving semiconductor
layer; and a first electrode layer over the first insulating
layer, wherein the first electrode layer includes convex
portions extending toward each of the first doped regions
and covering an end of the driving channel region and
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wherein at least one of the convex portions has a first width
greater than or equal to a width of the end of the driving
channel region.

[0009] The first width may be less than a second width of
the first electrode layer in a same width direction as the first
width at a point, and the point may be a midpoint of a
channel length of the driving channel region. The driving
channel region may be curved. The driving semiconductor
layer may include a plurality of curved portions.

[0010] The display device may include a second insulating
layer overlapping the first electrode layer, a second electrode
layer overlapping the first electrode layer, and the second
insulating layer is between the first and second electrode
layers. The first electrode layer may serve as a driving gate
electrode of the driving thin film transistor and as a plate of
the storage capacitor. The first electrode layer may include
a second convex portion adjacent to at least one of the
convex portions, and the at least one convex portion may be
spaced from the second convex portion. The second convex
portion may extend in a same direction as an extension
direction of the at least one convex portion. The at least one
convex portion may be spaced apart from the second convex
portion in a width direction of the convex portion.

[0011] The switching thin film transistor may include a
switching channel region, third doped regions at sides of the
switching channel region, and fourth doped regions doped
with impurities of a concentration greater than the third
doped regions. The first doped regions and the third doped
regions may include a same material. The length of the
switching channel region is less than a length of the driving
channel region. The first doped regions may not overlap the
convex portions.

[0012] In accordance with one or more other embodi-
ments, a semiconductor device includes a first transistor
including a semiconductor layer, the semiconductor layer
includes first doped regions, a channel region between the
first doped regions, and second doped regions doped with
impurities of a greater concentration than the first doped
regions; an insulating layer covering the semiconductor
layer; and an electrode layer over the insulating layer,
wherein the electrode layer includes one or more convex
portions extending toward the first doped regions, the one or
more convex portions covering an end of the channel region,
and wherein at least one of the convex portions has a first
width greater than or equal to a width of the end of the
channel region.

[0013] The first width may be less than a second width of
the electrode layer in a same width direction as the first
width at a point, and the point may be a midpoint of a
channel length of the driving channel region. The channel
region may be curved. The semiconductor layer may include
a plurality of curved portions. The semiconductor device
may include a storage capacitor connected to the transistor,
wherein the electrode layer serves as a gate electrode of the
transistor and a plate of the storage capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0015] FIG. 1 illustrates an embodiment of an organic
light-emitting display device;

[0016] FIG. 2 illustrates an embodiment of a pixel;
[0017] FIG. 3 illustrates a layout view of the pixel,
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[0018] FIG. 4 illustrates cross-sectional views of the pixel;
[0019] FIG. 5 illustrates a plan view of a portion V in FIG.
3 .

[0020] FIGS. 6a-6¢ illustrate embodiments of a method
for manufacturing a driving thin film transistor and a switch-
ing thin film transistor;

[0021] FIG. 7 illustrates another embodiment of a driving
thin film transistor;

[0022] FIG. 8 illustrates another embodiment of a driving
thin film transistor;

[0023] FIG. 9 illustrates another embodiment of a driving
thin film transistor;

[0024] FIG. 10 illustrates another embodiment of a driving
thin film transistor;

[0025] FIG. 11 illustrates a driving thin film transistor and
a switching thin film transistor according to a comparative
example; and

[0026] FIGS. 12a-12¢ illustrate embodiments of a method
for manufacturing the driving thin film transistor and the
switching thin film transistor of FIG. 11.

DETAILED DESCRIPTION

[0027] Example embodiments are described with refer-
ence to the drawings; 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 convey exemplary implementations to
those skilled in the art. The embodiments (or portions
thereof) may be combined to form additional embodiments.
[0028] In the 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.

[0029] When an element is referred to as being “con-
nected” or “coupled” to another element, it can be directly
connected or coupled to the another element or be indirectly
connected or coupled to the another element with one or
more intervening elements interposed therebetween. In addi-
tion, when an element is referred to as “including” a
component, this indicates that the element may further
include another component instead of excluding another
component unless there is different disclosure.

[0030] FIG. 1 illustrates an embodiment of an organic
light-emitting display device which includes a display area
DA (active area) and a non-display area NDA (dead area).
The display area DA includes a plurality of pixels P emitting
light. Each pixel P emits light of one of a plurality of colors,
e.g., red, green, or blue. The non-display area NDA may
surround the display area DA and include drivers such as a
scan driver and a data driver for transferring a predetermined
signal to the pixels P in the display area DA.

[0031] FIG. 2 illustrates an embodiment of a pixel P,
which may be representative of the pixels in the organic
light-emitting display devices of FIG. 1. Referring to FIG. 2,
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each pixel P includes a pixel circuit for driving an organic
light-emitting diode (OLED). The pixel circuit may include
at least two thin film transistors and at least one storage
capacitor.

[0032] Referring to FIG. 2, the transistors may include a
driving TFT T1, a switching TFT T2, a compensation TFT
T3, an initialization TFT T4, an operation control TFT T5,
and an emission control TFT T6. The driving TFT T1
includes a gate electrode connected to one of electrodes of
a storage capacitor Cst, a source electrode connected to a
driving voltage line 172 via the operation control TFT T5,
and a drain electrode is electrically connected to an anode of
the OLED via the emission control TFT T6. The driving TFT
T1 receives a data signal Dm and supplies a driving current
1d to the OLED based on a switching operation of the
switching TFT T2.

[0033] The switching TFT T2 includes a gate electrode
connected to a scan line 121, a source electrode connected
to a data line 171, and a drain electrode connected to the
source electrode of the driving TFT T1 and simultaneously
connected to the driving voltage line 172 via the operation
control TFT T5. The switching TFT T2 is turned on based on
a scan signal Sn received via the scan line 121 and performs
a switching operation of transferring a data signal Dm from
the data line 171 to the source electrode of the driving TFT
T1.

[0034] The compensation TFT T3 includes a gate elec-
trode connected to the scan line 121, a source electrode
connected to the drain electrode of the driving TFT T1 and
simultaneously connected to the anode of the OLED via the
emission control TFT T6, and a drain electrode connected to
one of the electrodes of the storage capacitor Cst, a drain
electrode of the initialization TFT T4, and the gate electrode
of the driving TFT T1 simultaneously. The compensation
TFT T3 is turned on based on a scan signal Sn transferred
via the scan line 121 and compensates for a threshold
voltage of the driving TFT T1 by connecting the gate
electrode to the drain electrode of the driving TFT T1, and
thus connecting diode-connecting the driving TFT T1.

[0035] The initialization TFT T4 includes a gate electrode
connected to a previous scan line 122, a source electrode
connected to the initialization voltage line 124, and a drain
electrode connected to one end Cstl of the storage capacitor
Cst, the drain electrode of the compensation TFT T3, and the
gate electrode of the driving TFT T1 simultaneously. The
initialization TFT T4 is turned on based on a previous scan
signal Sn-1 transferred via the previous scan line 122 and
performs an initialization operation of initializing the volt-
age of the gate electrode of the driving TFT T1, by trans-
ferring an initialization voltage Vint to the gate electrode of
the driving TFT T1.

[0036] The operation control TFT TS includes a gate
electrode connected to an emission control line 123, a source
electrode of the operation control TFT T5 is connected to the
driving voltage line 172, and a drain electrode of the
operation control TFT TS is connected to the source elec-
trode of the driving TFT T1 and the drain electrode of the
switching TFT T2 simultaneously. The operation control
TFT T5 is between the driving voltage line 172 and the
driving TFT T1. The operation control TFT T5 is turned on
based on an emission control signal En from the emission
control line 123 and transfers a driving voltage ELVDD to
the driving TFT TI1.
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[0037] The emission control TFT T6 includes a gate
electrode connected to the emission control line 123, a
source electrode of the emission control TFT T6 is con-
nected to the drain electrode of the driving TFT T1 and the
source electrode of the compensation TFT T3 simultane-
ously, and a drain electrode of the emission control TFT T6
is electrically connected to the anode of the OLED. The
emission control TET T6 is between the driving TFT T1 and
the OLED. The emission control TFT T6 is turned on based
on an emission control signal En from the emission control
line 123 and transfers the driving voltage ELVDD from the
driving TFT T1 to the OLED.

[0038] In the embodiment of FIG. 2, each pixel P includes
six TFTs. In one embodiment, each pixel P may include a
different number (e.g., seven) of TFTs depending, for
example, on the design of the pixel circuit.

[0039] The other electrode of storage capacitor Cst is
connected to the driving voltage line 172. A cathode of the
OLED is connected to a common voltage ELVSS. The
OLED emits light based on driving current Id from the
driving TFT T1 to display an image.

[0040] During an initialization period, when a previous
scan signal Sn-1 is supplied from the previous scan line 122,
the initialization TFT T4 is turned on based on the previous
scan signal Sn-1 and the driving TFT T1 is initialized by the
initialization voltage Vint from the initialization voltage line
124.

[0041] During a data programming period, when a scan
signal Sn is supplied via the scan line 121, the switching
TFT T2 and the compensation TFT T3 are turned on based
on the scan signal Sn. The driving TFT T1 is then diode-
connected and forward-biased by the turned-on compensa-
tion TFT T3.

[0042] Then, a compensation voltage is applied to the
driving gate electrode of the driving TFT T1. The compen-
sation voltage Dm+Vth (Vth has a (<) value) is reduced by
a threshold voltage Vth of the driving TFT T1 from a data
signal Din supplied from the data line 171. The driving
voltage ELVDD and the compensation voltage Dm+Vth are
applied to ends of the storage capacitor Cst, and a charge
corresponding to a voltage difference between the ends is
stored in the storage capacitor Cst.

[0043] During an emission period, operation control TFT
T5 and emission control TFT T6 are turned on based on an
emission control signal En supplied via the emission control
line 123. A driving current Id is generated based on the
voltage difference between a voltage of the gate electrode of
the driving TFT T1 and the driving voltage ELVDD. The
driving current Id is supplied to the OLED via emission
control TFT T6.

[0044] FIG. 3 illustrates a layout view of a pixel of an
organic light-emitting display device, which pixel may cor-
respond to pixel P. FIG. 4 illustrates a cross-sectional view
of the pixel P taken along lines IVa-IVa and IVb-IVb of FIG.
3.

[0045] Referring to FIG. 3, the pixel P includes the scan
line 121, the previous scan line 122, the emission control
line 123, and the initial voltage line 124 extending in an
X-direction. The data line 171 and the driving voltage line
172 extend in a Y-direction crossing the X-direction. The
pixel P includes the driving TFT T1, the switching TFT T2,
the compensation TFT T3, the initialization TFT T4, the
operation control TFT T5, the emission control TFT T6, and
the storage capacitor Cst connected to these lines. Regarding
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the structure of a pixel P, the driving TFT T1, the switching
TFT T2, and the storage capacitor Cst are mainly described
according to a stacking order. The structure of the other
TFTs may be similar to a stacking structure of the switching
TFT.

[0046] Referring to FIGS. 3 and 4, a buffer layer 101 is on
a substrate 110, which may include a glass material, a
metallic material, or a plastic material such as polyethylene
terephthalate (PET), polyethylene naphthalate (PEN), poly-
imide, etc. The buffer layer 101 may include an oxide layer
such as SiOx and/or a nitride layer such as SiNx.

[0047] The semiconductor layer 131 is on the buffer layer
101. The semiconductor layer 131 may include polycrystal-
line silicon, a channel region not doped with impurities, and
a source region and a drain region doped with impurities in
different sides of the channel region. The semiconductor
layer 131 may include a lightly doped region doped with
impurities of a relatively low concentration between the
channel region and the drain region. In another embodiment,
the impurities may be different depending, for example, on
the kind of TFT. Examples of the impurities include N-type
impurities or P-type impurities.

[0048] The semiconductor layer 131 includes a driving
semiconductor layer 131a of the driving TFT T1 and a
switching semiconductor layer 1315 of the switching TFT
T2. The driving semiconductor layer 131a is connected to
switching semiconductor layer 1315.

[0049] The driving semiconductor layer 131a includes a
driving channel region 131a1 and first doped regions 141a
and 1424 including first impurities. The first doped regions
141a and 142q are at different sides of the driving channel
region 131al. Second doped regions 176a and 1774 include
second impurities with a greater concentration than the first
impurities. The second doped regions 176a and 1774 are at
different sides of the driving channel region 131a1, and the
first doped regions 141a and 142a are therebetween. The
second doped regions 176a and 177a respectively corre-
spond to a source region and a drain region. The source
region and the drain region respectively correspond to a
source electrode and a drain electrode.

[0050] The switching semiconductor layer 1315 includes a
switching channel region 13151, third doped regions 1415
and 1425 including third impurities, the third doped regions
1415 and 1425 at different sides of the switching channel
region 13151, and fourth doped regions 17656 and 1775
including fourth impurities with a greater concentration than
the third impurities. The fourth doped regions 1765 and
1775 are at respective sides of the switching channel region
13151, and the third doped regions 1415 and 1426 are
therebetween.

[0051] The driving channel region 1314l may have a
channel length greater than that of the switching channel
region 13141. For example, the driving channel region
13141 may have a long channel length in a narrow space,
achieved by a plurality of curved portions. Since the driving
channel region 13141 is long, the driving range of a gate
voltage applied to a first electrode 125, which is a driving
gate electrode, widens. Therefore, the gray scale value of
light emitted from the OLED (e.g., FIG. 2) may be more
elaborately controlled and display quality may improve by
changing the gate voltage magnitude.

[0052] The first doped regions 141a and 142¢ of the
driving semiconductor layer 131a and the third doped
regions 1415 and 1425 of the switching semiconductor layer
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1315 may include the same material. The first doped regions
141a and 142a and the third doped regions 1415 and 1425
corresponding to lightly doped regions may reduce charac-
teristic deterioration by a hot carrier effect in the driving
TFT T1 and the switching TFT T2, respectively.

[0053] The second doped regions 176a and 177a of the
driving semiconductor layer 131a and the fourth doped
regions 1765 and 1775 of the switching semiconductor layer
1316 may include the same material.

[0054] A first insulating layer 103 is over substrate 110
and covers the semiconductor layer 131. The first insulating
layer 103 may include multiple layers, or a single thin layer,
including an organic material and/or an inorganic material
including an oxide layer such as SiOx and/or a nitride layer
such as SiNx.

[0055] A first electrode layer 1254 and a switching gate
electrode 125 are on the first insulating layer 103. The first
electrode layer 125a serves as a driving gate electrode. The
switching gate electrode 1256 corresponds to a portion of
the scan line 122.

[0056] The storage capacitor Cst includes the first elec-
trode layer 125a and a second electrode layer 152 which
overlap each, and with a second insulating layer 105 ther-
ebetween. The first electrode layer 125a serves as a plate of
the storage capacitor Cst and the driving gate electrode
simultaneously. The second insulating layer 105 serves as a
dielectric, and a storage capacitance is determined based on
charge accumulated in the storage capacitor and a voltage
between the first and second electrode layers 1254 and 152.
The second insulating layer 105 may include multiple lay-
ers, or a thin layer of a single layer, including an organic
material and/or an inorganic material including an oxide
layer such as SiOx and/or a nitride layer such as SiNx.
[0057] A storage capacitance may be secured, even in high
resolution, by allowing the storage capacitor Cst to overlap
the driving semiconductor layer 131a in order to secure a
region of the storage capacitor Cst, reduced by the driving
semiconductor layer 131a having the curved portions.
[0058] A third insulating layer 107 and a fourth insulating
layer 109 cover the storage capacitor Cst. The data line 171
and the driving voltage line 172, etc., may be between the
third and fourth insulating layers 107 and 109.

[0059] A pixel electrode 210 is on the fourth insulating
layer 109. A pixel-defining layer covers the edge of the pixel
electrode 210, exposes the upper surface of the pixel elec-
trode 210, and is over the fourth insulating layer 109. An
organic emission layer 220 is on the exposed pixel electrode
210. An opposite electrode 230 is on the organic emission
layer 220. The pixel electrode 210 is a reflective electrode
including metal. The opposite electrode 230 is a transparent
conductive oxide (TCQ) such as indium tin oxide (ITO), or
a (semi) transparent electrode including a thin film metal
including Ag and Mg. For example, the pixel electrode 210
is an anode and the opposite electrode 230 may be a cathode.
[0060] The organic emission layer 220 may include a low
molecular or polymer organic material. The organic emis-
sion layer 220 includes an emission layer and may further
include at least one of a hole injection layer (HIL), a hole
transport layer (HTL), an electron transport layer (ETL), or
an electron injection layer (EIL).

[0061] FIG. 5 illustrates an embodiment of a portion V in
FIG. 3, along with driving TFT T1 and the switching TFT T2
in an organic light-emitting display device. Referring to
FIG. 5, the driving semiconductor layer 131a of the driving
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TFT T1 includes the driving channel region 131a1 having a
plurality of curved portions 131ap, the lightly doped first
doped regions 141a and 1424, and the heavily doped second
doped regions 1764 and 177a. The heavily doped second
doped regions 176a and 177a correspond to the source
region and the drain region.

[0062] The first electrode layer 125a overlaps only the
driving channel region 1314l of the driving semiconductor
layer 131a. The first electrode layer 1254 does not overlap
the first and second doped regions 141a, 1424, 1764, and
177a of the driving semiconductor layer 131a. Since the first
electrode layer 125a serves as the plate of the storage
capacitor as well as the driving gate electrode as described
above, the first electrode layer 1254 may have a polygonal
shape with an area greater than the area of the driving
channel region 131al in order to secure a storage capaci-
tance. The first electrode layer 1254 has a polygonal shape
including a convex portion 125ac adjacent to the first doped
regions 141a and 142a.

[0063] The convex portion 125ac of the first electrode
layer 125a covers an end of the driving channel region
131al and is adjacent to the first doped regions 141a and
142q. The first electrode layer 1254 has the convex portion
125ac¢ extending toward the first doped regions 141a and
142a, and concave portions 125ae (which are relatively
concave) arranged at sides of the convex portion 125ac.
Therefore, one lateral surface of the first electrode layer
1254 (e.g., a lateral surface adjacent to each of the first
doped regions 141a and 142a) has unevenness.

[0064] A first width W1 of the convex portion 125a¢ may
be equal to or greater than a width W0 of the end of the
driving channel region 131a1. The first width W1 may also
be less than a second width W2 of the first electrode layer
1254 in the width direction of the convex portion 125ac. The
second width W2 may correspond, for example, to an
imaginary line passing through a point hp (referred to as a
half point). The point hp may be at a location that corre-
sponds, for example, to about the midpoint of the channel
length of the driving channel region 131a1.

[0065] The width direction of the convex portion 125ac
may correspond to a direction perpendicular to a length
direction LD of the driving channel region 131a1 in the end
of the driving channel region 131al. Since the length
direction LD of the driving channel region 131a1 in the end
of the driving channel region 13141 is an X-direction in FIG.
5, the width direction of the convex portion 125a¢ corre-
sponds to a Y-direction.

[0066] The switching semiconductor layer 1315 of the
switching TFT T2 includes switching channel region 13151,
lightly-doped third regions 14156 and 142b, and heavily
doped fourth regions 1765 and 177b corresponding to the
source and drain regions.

[0067] The switching gate electrode 1254 is a portion of
the scan line 121, overlaps the switching channel region
13151, and does not overlap the third and fourth doped
regions 1415, 142b, 176, and 1775.

[0068] As described above, the driving TFT T1 and the
switching TFT T2 including lightly-doped regions may be
formed by a process corresponding to the first electrode
layer 1254 and the switching gate electrode 1255.

[0069] FIG. 6 illustrates an embodiment of a process for
manufacturing a driving thin film transistor and a switching
thin film transistor. For example, in FIG. 6A, the driving
semiconductor layer 131a and the switching semiconductor
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layer 1316 are formed, the first insulating layer 103 is
formed, and then a metallic layer is formed over the entire
surface of substrate 110. Subsequently, a photoresist with a
photosensitive characteristic is formed over the metallic
layer. Next, first and second photoresist patterns 11 and 12
are formed by arranging a photo mask including a desired
pattern and exposing and developing the photo mask. First
and second metallic layers 1254' and 1254' are formed by
patterning the metallic layer using the first and second
photoresist patterns 11 and 12 as a mask. The source and
drain regions 176a, 177a, 1765, and 1776 are formed by
doping with high concentration impurities using first and
second metallic layers 1254¢" and 1255' as a mask.

[0070] Next, as illustrated in FIG. 6B, the first and second
photoresist patterns 11 and 12 are ashed. The first electrode
layer 125a and the switching gate electrode 1255 are formed
by etching a portion of the first and second metallic layers
1254" and 1254' exposed via the first and second photoresist
patterns 13 and 14 after the ashing operation. By this
etching, only the area of the first electrode layer 125q is
reduced to the same shape as the first metallic layer 1254'.
Only the area of the switching gate electrode 1255 is reduced
to the same shape as the second metallic layer 1255’

[0071] Referring to FIG. 6C, the first and third doped
regions 141a, 142a, 1415, and 1425 are formed by removing
the first and second photoresist patterns 13 and 14 after the
ashing and doping with low concentration impurities using
the first metallic layer 1254 and the switching gate electrode
1255 as a mask.

[0072] Referring to the above-described process, the
length of the first doped regions 141a and 142a, which are
lightly doped regions, is determined based on the difference
between the width of the first metallic layer 1254' and the
width of the first metallic layer 125a4. The difference
between the width of the first metallic layer 1254' and the
width of the first metallic layer 125a is determined based on
a reduction amount Adl between the width of the first
photoresist pattern 13 before ashing and the width of the first
photoresist pattern 13 after ashing.

[0073] The length of the third doped regions 14156 and
142b, which are lightly doped regions, is determined based
on the difference between the width of the second metallic
layer 1254" and the width of the switching gate electrode
125b. The difference between the width of the second
metallic layer 1254' and the width of the switching gate
electrode 1255 is determined based on a reduction amount
Ad2 between the second photoresist pattern 12 before ashing
and the second photoresist pattern 14 after ashing.

[0074] The reduction amounts Ad1 and Ad2 in the width of
the photoresist pattern according to the ashing process are
influenced by a lateral tapered angle of the photoresist
pattern. The lateral tapered angle of the photoresist pattern
is influenced by the area and the shape of a layer below the
photoresist pattern.

[0075] FIG. 11 illustrates a driving thin film transistor and
a switching thin film transistor of an organic light-emitting
display device according to a comparative example. FIG. 12
illustrates a method for manufacturing the driving thin film
transistor and the switching thin film transistor of FIG. 11.

[0076] Referring to FIG. 11, a driving semiconductor layer
1131a of a driving TFT TRI includes a driving channel
region 1131a1, lightly doped regions 1141a and 11424, and
heavily doped regions 1176a and 1177a. Unlike the first
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electrode layer 125¢ described with reference to FIG. 5, a
first electrode layer 11254 does not include a convex portion.
[0077] A switching TFT TR2 includes a switching semi-
conductor layer 11315 including a switching channel region
113151, lightly doped regions 11415 and 11425, heavily
doped regions 117656 and 11774, and a switching gate
electrode 11255, which is a portion of the scan line 121. The
switching TFT TR2 has the same configuration as the
switching TFT T2 described with reference to FIG. 5.
[0078] The driving TFT TR1 and the switching TFT TR2
according to the comparative example are manufactured by
the same process as the process for manufacturing the
driving TFT T1 and the switching TFT T2 of the organic
light-emitting display device described with reference to
FIGS. 6A to 6C.

[0079] Referring to FIG. 12A, a metallic layer is formed
and first and second photoresist patterns PR1 and PR2 are
formed over the metallic layer by exposing and developing
process. First and second metallic layers 11254' and 11255’
are formed by patterning the metallic layer using the first and
second photoresist patterns PR1 and PR2 as a mask. Sub-
sequently, heavily doped regions 1176qa, 1177a, 11765, and
11776 are formed by doping the driving and switching
semiconductor layers 1131a and 11315 with high concen-
tration impurities using the first and second metallic layers
11254 and 11258 as a mask.

[0080] Referring to FIG. 12B, the first and second photo-
resist patterns PR1 and PR2 are ashed. The first electrode
layer 1125a and the switching gate electrode 11256 are
formed by etching a portion of the first and second metallic
layers 1125q"' and 11254' using first and second photoresist
patterns PR3 and PR4 after the ashing operation as a mask.
Only the area of the first electrode layer 11254 is reduced to
the same shape as the first metallic layer 1125a". Only the
area of the second metallic layer 11255 is reduced to the
same shape as the second metallic layer 11256' by the
etching.

[0081] Referring to FIG. 12C, lightly doped regions
1141a, 11424, 11415, and 11425 are formed by removing the
first and second photoresist patterns PR3 and PR4 after
ashing, and doping the driving and switching semiconductor
layers 11314 and 11315 with low concentration impurities
using the first electrode layer 11254 and the switching gate
electrode 11255 as a mask.

[0082] In the above-described manufacturing process, a
lateral tapered angle @1 of the first photoresist pattern PR1
on the first metallic layer 11254" having a relatively large
area is less than a lateral tapered angle ®2 of the second
photoresist pattern PR2 on the second metallic layer 11254’
having a relatively small area. Since the lateral tapered angle
d1 of the first photoresist pattern PR1 on the first metallic
layer 11254' is small, reduction amounts in the widths of the
first and second photoresist patterns PR1 and PR2 are
different from each other, even when the same ashing
process is performed. Thus, the reduction amount AD1 in the
width of the first photoresist pattern PR1 on the first metallic
layer 11254" is greater than the reduction amount AD?2 in the
width of the second photoresist pattern PR2 on the second
metallic layer 11254'. As a result, the length L1 of the lightly
doped regions 1141¢ and 1142¢ of the driving TFT TRI1 is
greater than the length [.2 of the lightly doped regions 11415
and 11424 of the switching TFT TR2.

[0083] Since the lightly doped regions 11415 and 11425
having the long length increases resistance, they influence
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the characteristic of the driving TFT TR1 and reduce the
resolution of the organic light-emitting display device.
[0084] Inattempt to resolve this, a method for reducing the
area of the first metallic layer 11254' has been suggested.
However, in this case, the area of the first electrode layer
1125q formed by the first metallic layer 1125¢' is reduced.
Thus, it is difficult to secure a storage capacitance.

[0085] In accordance with one or more embodiments, this
problem may be solved. For example, the first electrode
layer 125a is designed to include the convex portion 125ac
adjacent to the first doped regions 141a and 1424, which are
lightly doped regions.

[0086] As described above with reference to FI1G. 5, when
the first electrode layer 125q includes the convex portion
125ac with the first width W1 less than the second width
W2, a lateral taper angle (e.g., see FIG. 6) of the first
photoresist pattern 11 on the first metallic layer 1254' (e.g.,
see FIG. 6) for forming the first electrode layer 125a is
greater than the lateral taper angle @1 (e.g., see FIG. 12) of
the first photoresist pattern PR1 (e.g., see FIG. 12) according
to the comparative example.

[0087] Therefore, the reduction amount Adl (e.g., see
FIG. 6) in the width of the first photoresist pattern 11 by the
ashing operation is less than the reduction amount AD1 in
the width of the first photoresist pattern PR1 according to a
comparative example. Thus, the length of the first doped
regions 141a and 1424, which are lightly doped regions, of
the driving TFT T1 may be reduced. In this case, the length
of the first doped regions 141¢ and 142a may be finely
adjusted by changing the first width W1 of the convex
portion 125ac (W1<W2).

[0088] FIGS. 7 and 8 illustrate other embodiments of a
driving thin film transistor of an organic light-emitting
display device. The organic light-emitting display devices in
FIGS. 7 and 8 may be substantially the same as the organic
light-emitting display device in FIG. 5, except the first
electrode layer 125a.

[0089] Referring to FIGS. 7 and 8, the first electrode layer
125a may include the convex portion 125ac and a second
convex portion 125ad. The first width W1 of the convex
portion 125ac is equal to or greater than the width W0 of the
end of the driving channel region 131a1. The first width W1
of the convex portion 125ac is also less than the second
width W2 passing through the half point hp of the driving
channel region 13141 in the width direction (e.g. Y-direc-
tion) of the convex portion 125ac.

[0090] Like the convex portion 125ac, the second convex
portion 125ad extends toward the lengthwise direction (e.g.
X-direction) of the driving channel region 131al from the
end of the driving channel region 131a1. In the embodiment
of FIG. 7, the second convex portion 125ad may extend such
that a short side of the second convex portion 125ad is
arranged on the same line as a line on which a short side of
the convex portion 125ac is arranged. In the embodiment of
FIG. 8, the second convex portion 125ad may extend such
that a short side of the second convex portion 125ad is
arranged on a line different from a line on which a short side
of the convex portion 125ac is arranged.

[0091] The second convex portion 125ad is spaced apart
by a predetermined interval from the convex portion 125a¢
in the width direction of the convex portion 125ac. A
concave portion 125ae (which is relatively concave) is
between the convex portion 125ac¢ and the second convex
portion 125ad. The width of the second convex portion

Sep. 28,2017

125ad is in the width direction of the convex portion 125ad
and is less than the second width W2. The lateral side of the
first electrode layer 1254 adjacent to the first doped regions
141a and 142a has unevenness as a result of the convex
portion 125ac, second convex portion 125ad, and concave
portion 125ae, which is relatively concave.

[0092] As illustrated in FIGS. 7 and 8, when the first
electrode layer 125a further includes the second convex
portion 125ad, storage capacitance may advantageously be
increased. In FIGS. 7 and 8, the second convex portion
125ad is formed at different sides of the convex portion
125ac. In one embodiment, the second convex portion
125ad may be formed at only one side of the convex portion
125ac.

[0093] FIGS. 9 and 10 illustrate other embodiments of a
driving thin film transistor of an organic light-emitting
display device. The embodiments in FIGS. 9 and 10 are
substantially the same as the organic light-emitting display
device in FIG. 5, except the driving channel region 131a1.
[0094] Referring to FIGS. 9 and 10, the first electrode
layer 125a includes the convex portion 125ac. The first
width W1 of the convex portion 125ac is equal to or greater
than the width W0 of the end of the driving channel region
131a1 and less than the second width W2 of the first
electrode layer 125ac¢, which passes through the half point
hp of the driving channel region 13141 in the width direction
(e.g. Y-direction) of the convex portion 125ac.

[0095] The driving channel region 13141 may be curved
to have, for example, four curved portions 131ap. For
example, as illustrated in FIGS. 9 and 10, the curved shape
may be an omega () shape or an alphabet “S” shape. The
driving channel region 131a1 may have a different curved
shape in another embodiment.

[0096] 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 elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise indicated.
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. An organic light-emitting display device, comprising:

a switching thin film transistor;

a driving thin film transistor electrically connected to the
switching thin film transistor, the driving thin film
transistor including a driving semiconductor layer
which includes a driving channel region, first doped
regions at sides of the driving channel region, and
second doped regions doped with impurities of a con-
centration greater than the first doped regions;

a storage capacitor electrically connected to the switching
thin film transistor and the driving thin film transistor;

an organic light-emitting diode electrically connected to
the driving thin film transistor;

a first insulating layer covering the driving semiconductor
layer; and
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a first electrode layer over the first insulating layer,
wherein the first electrode layer includes convex pot-
tions extending toward each of the first doped regions
and covering an end of the driving channel region and
wherein at least one of the convex portions has a first
width greater than or equal to a width of the end of the
driving channel region.

2. The organic light-emitting display device as claimed in

claim 1, wherein:

the first width is less than a second width of the first
electrode layer in a same width direction as the first
width at a point, and

the point is a midpoint of a channel length of the driving
channel region.

3. The organic light-emitting display device as claimed in

claim 1, wherein the driving channel region is curved.

4. The organic light-emitting display device as claimed in
claim 3, wherein the driving semiconductor layer includes a
plurality of curved portions.

5. The organic light-emitting display device as claimed in
claim 1, further comprising:

a second insulating layer overlapping the first electrode

layer,

a second electrode layer overlapping the first electrode
layer, and

the second insulating layer is between the first and second
electrode layers.

6. The organic light-emitting display device as claimed in
claim 1, wherein the first electrode layer serves as a driving
gate electrode of the driving thin film transistor and as a
plate of the storage capacitor.

7. The organic light-emitting display device as claimed in
claim 1, wherein:

the first electrode layer includes a second convex portion
adjacent to at least one of the convex portions, and

the at least one convex portion spaced from the second
convex portion.

8. The organic light-emitting display device as claimed in
claim 7, wherein the second convex portion extends in a
same direction as an extension direction of the at least one
convex portion.

9. The organic light-emitting display device as claimed in
claim 7, wherein the at least one convex portion is spaced
apart from the second convex portion in a width direction of
the convex portion.

10. The organic light-emitting display device as claimed
in claim 1, wherein the switching thin film transistor
includes:
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a switching channel region,

third doped regions at sides of the switching channel
region, and

fourth doped regions doped with impurities of a concen-
tration greater than the third doped regions.

11. The organic light-emitting display device as claimed
in claim 10, wherein the first doped regions and the third
doped regions include a same material.

12. The organic light-emitting display device as claimed
in claim 10, wherein a length of the switching channel
region is less than a length of the driving channel region.

13. The organic light-emitting display device of claim 1,
wherein the first doped regions do not overlap the convex
portions.

14. A semiconductor device, comprising:

a first transistor including a semiconductor layer, the
semiconductor layer includes first doped regions, a
channel region between the first doped regions, and
second doped regions doped with impurities of a
greater concentration than the first doped regions;

an insulating layer covering the semiconductor layer; and

an electrode layer over the insulating layer, wherein the
electrode layer includes one or more convex portions
extending toward the first doped regions, the one or
more convex portions covering an end of the channel
region, and wherein at least one of the convex portions
has a first width greater than or equal to a width of the
end of the channel region.

15. The semiconductor device as claimed in claim 14,

wherein:

the first width is less than a second width of the electrode
layer in a same width direction as the first width at a
point, and

the point is a midpoint of a channel length of the channel
region.

16. The semiconductor device as claimed in claim 14,

wherein the channel region is curved.

17. The semiconductor device as c¢laimed in ¢laim 14,
wherein the semiconductor layer includes a plurality of
curved portions.

18. The semiconductor device as claimed in claim 14,
further comprising:

a storage capacitor connected to the transistot,

wherein the electrode layer serves as a gate electrode of
the transistor and a plate of the storage capacitor.
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