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(57) ABSTRACT

An organic light emitting diode display device includes a
substrate, first and second active patterns, and first and
second sub-pixel structures. The substrate has a first sub-
pixel circuit region including a first driving transistor region
and a second sub-pixel circuit region including a second
driving transistor region. The first active pattern is disposed
in the first sub-pixel circuit region and has a first bent portion
in the first driving transistor region. The second active
pattern is disposed in the second sub-pixel circuit region and
has a second bent portion in the second driving transistor
region. In a direction in a plan surface, the first active pattern
has a first recess formed by the first bent portion, and the
second active pattern has a second recess formed by the
second bent portion. An area of the second recess is less than
that of the first recess.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority under 35 USC §
119 to Korean Patent Applications No. 10-2018-0050907,
filed on May 2, 2018 in the Korean Intellectual Property
Office (KIPO), the disclosure of which is incorporated
herein in its entirety by reference.

BACKGROUND

1. Field

[0002] Example embodiments of the present disclosure
relate generally to an organic light emitting diode display
device, more particularly, to an organic light emitting diode
display device having sub-pixels.

2. Description of the Related Art

[0003] A flat panel display (“FPD”) device is widely used
as a display device of an electronic device because the FPD
device is lightweight and thin compared to a cathode-ray
tube (“CRT”) display device. Typical examples of the FPD
device are a liquid crystal display (“L.LCD”) device and an
organic light emitting diode (“OLED”) display device.
Compared to the LCD device, the OLED display device has
many advantages such as higher luminance and a wider
viewing angle. In addition, the OLED display device can be
made thinner because the OLED display device does not
require a backlight unit. In the OLED display device,
electrons and holes are injected into an organic thin layer
through a cathode and an anode, and then recombined in the
organic thin layer to generate excitons, thereby emitting a
light of a certain wavelength.

[0004] The OLED display device may include a plurality
of sub-pixels, for example, sub-pixels emitting a red color of
light, a green color of light, and a blue color of light. When
the OLED display device displays an image (e.g., a black
color) at a low gradation, a defect caused by multiple time
programming (hereinafter referred to as an “MTP defect”)
may occur due to an insufficient data output voltage of the
blue sub-pixel because a voltage margin of a blue sub-pixel
is relatively small. In addition, when a driving range of a
driving transistor is increased to improve a mura effect while
the OLED display device displays the image, the MTP
defect may adversely occur.

SUMMARY

[0005] Some example embodiments of the present disclo-
sure provide an organic light emitting diode (“OLED”)
display device including sub-pixels.

[0006] According to one aspect of example embodiments,
an OLED display device includes a substrate, a first active
pattern, a second active pattern, a first sub-pixel structure,
and a second sub-pixel structure. The substrate has a first
sub-pixel circuit region including a first driving transistor
region and a second sub-pixel circuit region including a
second driving transistor region. The first sub-pixel circuit
region is located adjacent to the second sub-pixel circuit
region. The first active pattern is disposed in the first
sub-pixel circuit region on the substrate and has a first bent
portion in the first driving transistor region. The first active
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pattern has a first recess formed by the first bent portion in
a direction of a plan surface. The second active pattern is
disposed in the second sub-pixel circuit region on the
substrate and has a second bent portion in the second driving
transistor region. The second active pattern has a second
recess formed by the second bent portion in the direction in
the plan surface. An area of the second recess is less than an
area of the first recess. The first sub-pixel structure is
disposed on the first active pattern, and the second sub-pixel
structure is disposed on the second active pattern.

[0007] In example embodiments, the first bent portion
may include a first extension extending in a first direction
that is perpendicular to an upper surface of the substrate, a
second extension extending from a first distal end of the first
extension in a second direction that is perpendicular to the
first direction, and a third extension extending from a first
distal end of the second extension in a third direction that is
perpendicular to the second direction and is opposite to the
first direction. The first, second, and third extensions may be
integrally formed.

[0008] In example embodiments, a space formed by the
first, second, and third extensions may be defined as the first
recess.

[0009] In example embodiments, the first active pattern
may have a shape that is bent in the first direction in the first
driving transistor region.

[0010] In example embodiments, the second bent portion
may include a fourth extension extending in the first direc-
tion, a fifth extension extending from a first distal end of the
fourth extension in the second direction, and a sixth exten-
sion extending from a first distal end of the fifth extension
in the third direction. The fourth, fifth, and sixth extensions
may be integrally formed.

[0011] In example embodiments, a space formed by the
fourth, fifth, and sixth extensions may be defined as the
second recess.

[0012] Inexample embodiments, the second active pattern
may have a shape that is bent in the first direction in the
second driving transistor region.

[0013] In example embodiments, the first bent portion
may have a first width, and the second bent portion may have
a second width that is less than the first width.

[0014] In example embodiments, the first sub-pixel circuit
region may further include a first switching transistor region
surrounding the first driving transistor region, and the sec-
ond sub-pixel circuit region may further include a second
switching transistor region surrounding the second driving
transistor region.

[0015] In example embodiments, the first active pattern
may further include a seventh extension and a first protru-
sion. The seventh extension may be disposed in the first
switching transistor region, and may be spaced apart from
the first bent portion in a fourth direction that is opposite to
the second direction. The seventh extension may extend in
the first direction. The first protrusion may be protruded
from the seventh extension in the second direction, and may
be coupled to a second distal end that is opposite to the first
distal end of the first extension. The seventh extension, the
first protrusion, and the first bent portion may be integrally
formed.

[0016] Inexampleembodiments, the second active pattern
may further include an eighth extension and a second
protrusion. The eighth extension may be disposed in the
second switching transistor region, and may be spaced apart
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from the second bent portion in the fourth direction. The
eighth extension may extend in the first direction. The
second protrusion may be protruded from the eighth exten-
sion in the second direction, and may be coupled to a second
distal end that is opposite to the first distal end of the fourth
extension. The eighth extension, the second protrusion, and
the second bent portion may be integrally formed.

[0017] In example embodiments, the OLED display
device may further include a first gate wiring extending in
the second direction on the seventh extension of the first
active pattern and the eighth extension of the second active
pattern.

[0018] In example embodiments, a first switching transis-
tor may be disposed in a portion where the first gate wiring
crosses the seventh extension, and a second switching tran-
sistor may be defined in a portion where the first gate wiring
crosses the eighth extension.

[0019] In example embodiments, the OLED display
device may further include a first gate electrode and a second
gate electrode. The first gate electrode may be disposed on
the first bent portion, and the first gate electrode and the first
bent portion may form a first driving transistor. The second
gate electrode may be disposed on the second bent portion,
and the second gate electrode and the second bent portion
may form a second driving transistor.

[0020] In example embodiments, the first and second
active patterns may have a same shape.

[0021] In example embodiments, a first area where the
first gate electrode overlaps the first bent portion may be
greater than a second area where the second gate electrode
overlaps the second bent portion.

[0022] In example embodiments, a distance of the first
active pattern that overlaps the first gate electrode may be
greater than a distance of the second active pattern that
overlaps the second gate electrode.

[0023] In example embodiments, the first sub-pixel struc-
ture may include a first lower electrode and a first light
emitting layer disposed on the first lower electrode, and the
second sub-pixel structure may include a second lower
electrode and a second light emitting layer disposed on the
second lower electrode.

[0024] In example embodiments, the first light emitting
layer may emit a red color of light or a green color of light,
and the second light emitting layer may emit a blue color of
light.

[0025] In example embodiments, the first driving transis-
tor and the first active pattern may form a first sub-pixel
circuit, and the second driving transistor and the second
active pattern may form a second sub-pixel circuit.

[0026] As the second active pattern of the OLED display
device according to example embodiments has a relatively
small second area and/or a relatively short second distance
in the second driving transistor region, an MTP defect of the
OLED display device may be improved, thereby improving
visibility of the OLED display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Example embodiments of the present disclosure
can be understood in more detail from the following descrip-
tion taken in conjunction with the accompanying drawings,
in which:

[0028] FIG. 1 is a plan view illustrating an organic light
emitting diode (“OLED”) display device in accordance with
example embodiments;
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[0029] FIG. 2 is a circuit diagram illustrating a sub-pixel
circuit and an OLED disposed in a sub-pixel circuit region
of FIG. 1,

[0030] FIG. 3 is a layout diagram illustrating a first
sub-pixel circuit region and a second sub-pixel circuit region
of a substrate included in the OLED display device of FIG.
1

[0031] FIGS. 4 and 5 are layout diagrams for describing
active patterns disposed in driving transistor regions of FIG.
3;

[0032] FIG. 6 is a layout diagram for describing active
patterns of FIG. 3;

[0033] FIGS. 7 through 11 are layout diagrams for
describing the OLED display device of FIG. 1;

[0034] FIG. 12 is a cross-sectional view taken along a line
I-I' and a line II-II' of FIG. 11;

[0035] FIG. 13 is a layout diagram illustrating an example
of an active pattern included in an OLED display device in
accordance with example embodiments;

[0036] FIG. 14 is a layout diagram illustrating another
example of an active pattern included in an OLED display
device in accordance with example embodiments; and
[0037] FIG. 15 is a layout diagram illustrating still another
example of an active pattern included in an OLED display
device in accordance with example embodiments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0038] Hereinafter, embodiments of the present inventive
concept will be explained in detail with reference to the
accompanying drawings.

[0039] FIG. 1 is a plan view illustrating an organic light
emitting diode (“OLED”) display device in accordance with
example embodiments.

[0040] Referring to FIG. 1, an OLED display device 500
may include a substrate 50, and the substrate 50 may have
a plurality of pixel circuit regions 40. The pixel circuit
regions 40 may be arranged in a first direction D1 and a
second direction D2 on the entire substrate 50. The first
direction D1 may be perpendicular to an upper surface of the
substrate 50, and the second direction D2 may be perpen-
dicular to the first direction D1. In addition, each of the pixel
circuit regions 40 may include first, second, and third
sub-pixel circuit regions 10, 20, and 30, and one pixel circuit
region 40 includes the first, second, and third sub-pixel
circuit regions 10, 20 and 30.

[0041] Although the example embodiment shown in FIG.
1 illustrates one pixel circuit region 40 that includes three
sub-pixel circuit regions, but the present disclosure is not
limited thereto. For example, one pixel circuit region 40 may
include two sub-pixel circuit regions or at least four sub-
pixel circuit regions.

[0042] First, second, and third sub-pixel circuits may be
disposed in the first, second, and third sub-pixel circuit
regions 10, 20, and 30, respectively. For example, the first
sub-pixel circuit disposed in the first sub-pixel circuit region
10 may be coupled to (or connected to) a first sub-pixel
structure capable of emitting a red color of light, the second
sub-pixel circuit disposed in the second sub-pixel circuit
region 20 may be coupled to a second sub-pixel structure
capable of emitting a green color of light, and the third
sub-pixel circuit disposed in the third sub-pixel circuit
region 30 may be coupled to a third sub-pixel structure
capable of emitting a blue color of light. In addition, various
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wirings may be disposed in the first, second, and third
sub-pixel circuit regions 10, 20, and 30 on the substrate 50.
For example, the wirings may include data signal wirings,
scan signal wirings, light emission signal wirings, data
initialization signal wirings, and power supply voltage wit-
ings. In other words, the OLED display device 500 may
include a plurality of sub-pixel circuits, a plurality of sub-
pixel structures, and a plurality of wirings.

[0043] In example embodiments, the first sub-pixel struc-
ture may be disposed to overlap the first sub-pixel circuit
region 10, the second sub-pixel structure may be disposed to
overlap the second sub-pixel circuit region 20, and the third
sub-pixel structure may be disposed to overlap the third
sub-pixel circuit region 30. Alternatively, the first sub-pixel
structure may be disposed to overlap a portion of the first
sub-pixel circuit region 10 and a portion of another sub-pixel
circuit region that is different from the first sub-pixel circuit
region 10, the second sub-pixel structure may be disposed to
overlap a portion of the second sub-pixel circuit region 20
and a portion of another sub-pixel circuit region that is
different from the second sub-pixel circuit region 20, and the
third sub-pixel structure may be disposed to overlap a
portion of the third sub-pixel circuit region 30 and a portion
of another sub-pixel circuit region that is different from the
third sub-pixel circuit region 30.

[0044] For example, the first, second, and third sub-pixel
structures may be arranged using a red, green and blue
(RGB) stripe pattern where sub-pixels of tetragons having
the same size are sequentially arranged, a s-stripe pattern
that includes a blue sub-pixel structure having a relatively
large area, a white, red, green and blue (WRGB) pattern that
includes a white sub-pixel structure in addition to the red,
green, and blue sub-pixel structures, and a pen-tile pattern
that is repeatedly arranged in an red-green (RG)-green-blue
(GB) pattern.

[0045] In addition, at least one driving transistor, at least
one switching transistor, and at least one capacitor may be
disposed in each of the first, second, and third sub-pixel
circuit regions 10, 20, and 30. In example embodiments, one
driving transistor, eight switching transistors, and one
capacitor may be disposed in each of the first, second, and
third sub-pixel circuit regions 10, 20, and 30.

[0046] In example embodiments, each of the first, second,
and third sub-pixel circuit regions 10, 20, and 30 and the
pixel circuit regions 40 has a plan shape of a tetragon, but
the present disclosure is not limited thereto. For example,
each of the first, second, and third sub-pixel circuit regions
10, 20, and 30 and the pixel circuit regions 40 may have a
plan shape of a substantially triangle, a plan shape of a
substantially diamond, a plan shape of a substantially poly-
gon, a plan shape of a substantially circle, a plan shape of a
substantially athletic track, or a plan shape of a substantially
oval.

[0047] FIG. 2 is a circuit diagram illustrating a sub-pixel
circuit and an OLED disposed in a sub-pixel circuit region
of FIG. 1.

[0048] Referring to FIG. 2, a sub-pixel circuit, wirings,
and an OLED (e.g., a sub-pixel structure) may be disposed
in each of the first, second, and third sub-pixel circuit
regions 10, 20, and 30 of the OLED display device 500. The
sub-pixel circuit may include a first transistor TR1, a second
transistor TR2, third transistors TR3_1 and TR3_2, fourth
transistors TR4_1 and TR4_2, a fifth transistor TRS, a sixth
transistor TR6, and a seventh transistor TR7 and a storage
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capacitor CST, and the wirings may include a high power
supply voltage ELVDD wiring, a low power supply voltage
BLVSS wiring, an initialization voltage VINT wiring, a data
signal DATA wiring, a scan signal GW wiring, a data
initialization signal GI wiring, a light emission signal EM
wiring, and a diode initialization signal GB wiring. In
addition, the sub-pixel circuit may further include one or
more active patterns (e.g., first and second active patterns
100_1 and 100_2 of FIG. 3) that connect the first through
seventh transistors TR1, TR2, TR3_1, TR3_2, TR4_1, TR4_
2, TR5, TR6, and TR7 and the storage capacitor CST.

[0049] The OLED (e.g., the first sub-pixel structure 200_1
or the second sub-pixel structure 200_2 illustrated in FIG.
12) may emit light based on a driving current ID. The OLED
may include a first terminal and a second terminal. In
example embodiments, the second terminal of the OLED
receives a low power supply voltage ELVSS. For example,
the first terminal of the OLED is an anode terminal, and the
second terminal of the OLED is a cathode terminal. Alter-
natively, the first terminal of the OLED may be a cathode
terminal, and the second terminal of the OLED may be an
anode terminal. In example embodiments, the anode termi-
nal of the OLED may correspond to the lower electrodes
291_1 and 291_2 of FIG. 12, and the cathode terminal of the
OLED may correspond to the upper electrode 340 of FIG.
12.

[0050] The first transistor TR1 (e.g., the first transistor
TR1 illustrated in FIG. 12) may include a gate terminal, a
first terminal, and a second terminal. In example embodi-
ments, the first terminal of the first transistor TR1 is a source
terminal, and the second terminal of the first transistor TR1
is a drain terminal. Alternatively, the first terminal of the first
transistor TR1 may be a drain terminal, and the second
terminal of the first transistor TR1 may be a source terminal.

[0051] The driving current ID may be generated by the
first transistor TR1. In example embodiments, the first
transistor TR1 operates in a saturation region. In this case,
the first transistor TR1 may generate the driving current 1D
based on a voltage difference between the gate terminal and
the source terminal, and a gradation may be implemented
based on an amount of the driving current ID that is
generated by the first transistor TR1. Alternatively, the first
transistor TR1 operates in a linear region. In this case, a
gradation may be implemented based on an amount of time
during which the first transistor TR1 provides the driving
current 1D to the OLED within one frame.

[0052] The second transistor TR2 may include a gate
terminal, a first terminal, and a second terminal. The scan
signal GW may be applied to the gate terminal of the second
transistor TR2. The first terminal of the second transistor
TR2 may receive the data signal DATA. The second terminal
of the second transistor TR2 may be connected to the first
terminal of the first transistor TR1. In example embodi-
ments, the first terminal of the second transistor TR2 is a
source terminal, and the second terminal of the second
transistor TR2 is a drain terminal. Alternatively, the first
terminal of the second transistor TR2 may be a drain
terminal, and the second terminal of the second transistor
TR2 may be a source terminal.

[0053] The second transistor TR2 may provide the data
signal DATA to the first terminal of the first transistor TR1
while the scan signal GW is activated. In this case, the
second transistor TR2 operates in a linear region.
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[0054] The third transistors TR3_1 and TR3_2 may be
connected in series serving as a dual transistor. For example,
when the dual transistor is turned-off, a leakage current may
be decreased. Herein, the third transistors TR3_1 and TR3_2
may be collectively referred to as a third transistor TR3 or
a dual transistor TR3. The third transistor TR3 may include
a gate terminal, a first terminal, and a second terminal. The
gate terminal of the third transistor TR3 may receive the
scan signal GW. The first terminal of the third transistor TR3
may be connected to the gate terminal of the first transistor
TR1. The second terminal of the third transistor TR3 may be
connected to the second terminal of the first transistor TR1.
In example embodiments, the first terminal of the third
transistor TR3 is a source terminal, and the second terminal
of the third transistor TR3 is a drain terminal. Alternatively,
the first terminal of the third transistor TR3 may be a drain
terminal, and the second terminal of the third transistor TR3
may be a source terminal.

[0055] The third transistor TR3 may connect the gate
terminal of the first transistor TR1 to the second terminal of
the first transistor TR1 while the scan signal GW is acti-
vated. In this case, the third transistor TR3 may operate in
a linear region. That is, the third transistor TR3 may form a
diode connection of the first transistor TR1 while the scan
signal GW is activated. A voltage difference that corre-
sponds to a threshold voltage of the first transistor TR1
between the first terminal of the first transistor TR1 and the
gate terminal of the first transistor TR1 may occur due to the
diode connection of the first transistor TR1. As a result, a
sum of the voltage corresponding to the data signal DATA
that is provided to the first terminal of the first transistor TR1
through the second transistor TR2 and the voltage difference
(i.e, the threshold voltage) may be applied to the gate
terminal of the first transistor TR1 while the scan signal GW
is activated. Thus, the data signal DATA applied to the first
transistor TR1 may be compensated as much as the threshold
voltage of the first transistor TR1. The compensated data
signal DATA may be applied to the gate terminal of the first
transistor TR1. As a result, uniformity of the driving current
ID may be improved because an effect by the threshold
voltage of the first transistor TR1 is reduced.

[0056] The fourth transistor TR4_1 and the fourth transis-
tor TR4_2 may be connected in series serving as a dual
transistor. For example, when the dual transistor is turned-
off, a leakage current may be decreased. Herein, the fourth
transistors TR4_1 and TR4_2 may be collectively referred to
as a fourth transistor TR4 or a dual transistor TR4. The
fourth transistor TR4 may include a gate terminal, a first
terminal, and a second terminal. An input terminal of an
initialization voltage VINT is connected to the first terminal
of the fourth transistor TR4 and a first terminal of the
seventh transistor TR7, and an output terminal of the ini-
tialization voltage VINT is connected to the second terminal
of the fourth transistor TR4 and a first terminal of the storage
capacitor CST.

[0057] The gate terminal of the fourth transistor TR4 may
receive the data initialization signal GI. The initialization
voltage VINT may be applied to the first terminal of the
fourth transistor TR4. The second terminal of the fourth
transistor TR4 may be connected to the gate terminal of the
first transistor TR1. In example embodiments, the first
terminal of the fourth transistor TR4 is a source terminal,
and the second terminal of the fourth transistor TR4 is a
drain terminal. Alternatively, the first terminal of the fourth
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transistor TR4 may be a drain terminal, and the second
terminal of the fourth transistor TR4 may be a source
terminal.

[0058] The fourth transistor TR4 may apply the initializa-
tion voltage VINT to the gate terminal of the first transistor
TR1 while the data initialization signal GI is activated. In
this case, the fourth transistor TR4 may operate in a linear
region. Thus, the fourth transistor TR4 may initialize the
gate terminal of the first transistor TR1 to the initialization
voltage VINT while the data initialization signal GI is
activated. In example embodiments, a voltage level of the
initialization voltage VINT is sufficiently lower than a
voltage level of the data signal DATA that is maintained by
the storage capacitor CST in a previous frame. In this case,
the first transistor TR1 may be a P-channel metal oxide
semiconductor (PMOS) type transistor, and the initialization
voltage VINT may be applied to the gate terminal of the first
transistor TR1. In some example embodiments, a voltage
level of the initialization voltage VINT is sufficiently higher
than the voltage level of the data signal DATA that is
maintained by the storage capacitor CST in a previous
frame. In this case, the first transistor TR1 may be an
N-channel metal oxide semiconductor (NMOS) type tran-
sistor, and the initialization voltage VINT may be applied to
the gate terminal of the first transistor TR1.

[0059] In example embodiments, the data initialization
signal GI is identical to the scan signal GW, but is advanced
by one horizontal time period. For example, the data ini-
tialization signal GI is applied to sub-pixels located in an
(n)-th row among a plurality of sub-pixels included in the
OLED display device 500 (where n is an integer of 2 or
more), and the scan signal GW is applied to sub-pixels
located in a (n—1)-th row among a plurality of the sub-pixels.
This is, the data initialization signal GI may be applied to the
sub-pixels located in the (n)-th row among the sub-pixels by
applying the scan signal GW to the sub-pixels located in the
(n-1)-th row among the sub-pixels. As a result, the gate
terminal of the first transistor TR1 included in the sub-pixels
located in the (n)-th row among the sub-pixels may be
initialized to the initialization voltage VINT when the data
signal DATA is applied to sub-pixels located in the (n-1)-th
row among the sub-pixels.

[0060] The fifth transistor TR5 may include a gate termi-
nal, a first terminal, and a second terminal. The light
emission signal EM may be applied to the gate terminal of
the fifth transistor TRS. The high power supply voltage
ELVDD may be applied to the first terminal of the fifth
transistor TRS. The second terminal of the fifth transistor
TR5 may be connected to the first terminal of the first
transistor TR1. In example embodiments, the first terminal
of the fifth transistor TR5 is a source terminal, and the
second terminal of the fifth transistor TRS is a drain termi-
nal. Alternatively, the first terminal of the fifth transistor TRS
may be a drain terminal, and the second terminal of the fifth
transistor TR5 may be a source terminal.

[0061] The fifth transistor TR5 may apply the high power
supply voltage ELVDD to the first terminal of the first
transistor TR1 while the light emission signal EM is acti-
vated. On the other hands, the fifth transistor TRS does not
apply the high power supply voltage ELVDD while the light
emission signal EM is inactivated. In this case, the fifth
transistor TRS may operate in a linear region. The fifth
transistor TR5 may apply the high power supply voltage
ELVDD to the first terminal of the first transistor TR1 while
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the light emission signal EM is activated such that the first
transistor TR1 generates the driving current ID. In addition,
the fifth transistor TR5 does not apply the high power supply
voltage ELVDD while the light emission signal EM is
inactivated such that the data signal DATA that is applied to
the first terminal of the first transistor TR1 is applied to the
gate terminal of the first transistor TR1.

[0062] The sixth transistor TR6 (e.g., the sixth transistor
TR6 illustrated in FIG. 12) may include a gate terminal, a
first terminal, and a second terminal. The light emission
signal EM may be applied to the gate terminal of the sixth
transistor TR6. The first terminal of the sixth transistor TR6
may be connected to the second terminal of the first tran-
sistor TR1. The second terminal of the sixth transistor TR6
may be connected to the first terminal of the OLED. In
example embodiments, the first terminal of the sixth tran-
sistor TR6 is a source terminal, and the second terminal of
the sixth transistor TR6 is a drain terminal. Alternatively, the
first terminal of the sixth transistor TR6 may be a drain
terminal, and the second terminal of the sixth transistor TR6
may be a source terminal.

[0063] The sixth transistor TR6 may provide the driving
current ID generated by the first transistor TR1 to the OLED
while the light emission signal EM is activated. In this case,
the sixth transistor TR6 may operate in a linear region. That
is, the sixth transistor TR6 may provide the driving current
ID generated by the first transistor TR1 to the OLED while
the light emission signal EM is activated such that the OLED
emits light. In addition, the sixth transistor TR6 may dis-
connect the first transistor TR1 from the OLED while the
light emission signal EM is inactivated such that the com-
pensated data signal DATA that is applied to the second
terminal of the first transistor TR1 is applied to the gate
terminal of the first transistor TR1.

[0064] The seventh transistor TR7 may include a gate
terminal, a first terminal, and a second terminal. The diode
initialization signal GB may be applied to the gate terminal
of the seventh transistor TR7. The initialization voltage
VINT may be applied to the first terminal of the seventh
transistor TR7. The second terminal of the seventh transistor
TR7 may be connected to the first terminal of the OLED. In
example embodiments, the first terminal of the seventh
transistor TR7 is a source terminal, and the second terminal
of the seventh transistor TR7 is a drain terminal. Alterna-
tively, the first terminal of the seventh transistor TR7 may be
a drain terminal, and the second terminal of the seventh
transistor TR7 may be a source terminal.

[0065] The seventh transistor TR7 may apply the initial-
ization voltage VINT to the first terminal of the OLED while
the diode initialization signal GB is activated. In this case,
the seventh transistor TR7 may operate in a linear region.
That is, the seventh transistor TR7 may initialize the first
terminal of the OLED to the initialization voltage VINT
while the diode initialization signal GB is activated.

[0066] According to some embodiments, the data initial-
ization signal GI and the diode initialization signal GB are
the substantially same signal. An initialization operation of
the gate terminal of the first transistor TR1 may not affect an
initialization operation of the first terminal of the OLED.
That is, the initialization operation of the gate terminal of the
first transistor TR1 and the initialization operation of the first
terminal of the OLED may be independent from each other.
When the data initialization signal GI is used as the diode
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initialization signal GB or vice versa, thereby improving the
manufacturing efficiency of the sub-pixel circuit.

[0067] The storage capacitor CST may include the first
terminal and the second terminal, and may be connected
between the high power supply voltage ELVDD wiring and
the gate terminal of the first transistor TR1. For example, the
first terminal of the storage capacitor CST may be connected
to the gate terminal of the first transistor TR1, and the second
terminal of the storage capacitor CST may be connected to
the high power supply voltage ELVDD wiring. The storage
capacitor CST may maintain a voltage level of the gate
terminal of the first transistor TR1 while the scan signal GW
is inactivated. The light emission signal EM may be acti-
vated while the scan signal GW is inactivated. The driving
current ID generated by the first transistor TR1 may be
provided to the OLED while the light emission signal EM is
activated. Therefore, the driving current ID generated by the
first transistor TR1 may be provided to the OLED based on
the voltage level maintained by the storage capacitor CST.
[0068] FIG. 3 is a layout diagram illustrating a first
sub-pixel circuit region and a second sub-pixel circuit region
of a substrate included in the OLED display device of FIG.
1, and FIGS. 4 and 5 are layout diagrams for describing
active patterns disposed in driving transistor regions of FIG.
3. FIG. 6 is a layout diagram for describing active patterns
of FIG. 3. For the convenience of description, elements
included in the OLED display device 500 of FIG. 1 may not
be illustrated in FIGS. 3 through 6.

[0069] Referring to FIGS. 3,4, 5, and 6, the OLED display
device 500 may include a first active pattern 100_1 and a
second active pattern 100_2. In example embodiments, the
first active pattern 100_1 may include a first bent portion
150_1, and a first recess 155_1 in a direction of a plan
surface (e.g., the first direction D1) may be formed in the
first bent portion 150_1. Similarly, the second active pattern
100_2 may include a second bent portion 150_2, and a
second recess 155_2 in the direction of the plan surface may
be formed in the second bent portion 150_2. Referring to
FIG. 5, the first recess 155_1 may have a first area Al, and
the second recess 155_2 may have a second area A2. In some
embodiments, the second area A2 may be less than the first
area Al. Further, the first active pattern 100_1 may have a
first distance (or length) L1 in a first driving transistor region
60, and the second active pattern 100_2 may have a second
distance (or length) L.2 in a second driving transistor region
70. In some embodiments, the second distance 1.2 may be
less than the first distance L1.

[0070] As the second active pattern 100_2 of the OLED
display device 500 has a relatively small second area A2 or
a relatively small second distance L2 in the second driving
transistor region 70, the OLED display device 500 may
serve as an OLED display device capable of improving a
visibility.

[0071] As illustrated in FIG. 3, the OLED display device
500 (or the substrate 50 of the OLED display device 500)
may have a sub-pixel circuit region 10 and another sub-pixel
circuit region 30. FIG. 3 shows only two sub-pixel circuit
regions 10 and 30 omitting the second sub-pixel circuit
region 20 of FIG. 1, it is understood that the sub-pixel circuit
region 10 of FIG. 3 may represent either the first sub-pixel
circuit region 10 or the second sub-pixel circuit region 20 of
FIG. 1. Hereinafter, for the convenience of description, the
sub-pixel circuit region 10 illustrated in FIG. 3 may be
referred to as the first sub-pixel circuit region 10 represent-
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ing either the first sub-pixel circuit region 10 or the second
sub-pixel circuit region 20 of FIG. 1, and the sub-pixel
circuit region 30 of FIG. 3 is referred to as the second
sub-pixel circuit region 30 representing the third sub-pixel
circuit region 30 of FIG. 1. For further clarification, the first
sub-pixel circuit region 10 of FIG. 3 may correspond to a
region where 1) the first sub-pixel circuit and the first
sub-pixel structure capable of emitting a red color of light or
i) the second sub-pixel circuit and second sub-pixel struc-
ture capable of emitting a green color of light are disposed,
and the second sub-pixel circuit region 30 of FIG. 3 may
correspond to a region where the third sub-pixel circuit and
the third sub-pixel structure capable of emitting a blue color
of light is disposed. In other words, the red or green color of
light may be emitted in the first sub-pixel circuit region 10
of FIG. 3, and the blue color of light may be emitted in the
second sub-pixel circuit region 30 of FIG. 3. The first
sub-pixel circuit region 10 may include the first driving
transistor region 60, and a region except for the first driving
transistor region 60 of the first sub-pixel circuit region 10 (or
a region surrounding the first driving transistor region 60)
may be defined as a first switching transistor region. Simi-
larly, the second sub-pixel circuit region 30 may include the
second driving transistor region 70, and a region except for
the second driving transistor region 70 of the second sub-
pixel circuit region 30 (or a region surrounding the second
driving transistor region 70) may be defined as a second
switching transistor region. The first active pattern 100_1
may be disposed in the first sub-pixel circuit region 10, and
the second active pattern 100_2 may be disposed in the
second sub-pixel circuit region 30. The first bent portion
150_1 of the first active pattern 100_1 may be located in the
first driving transistor region 60, and the second bent portion
150_2 of the second active pattern 100_2 may be located in
the second driving transistor region 70. Switching transis-
tors, which will be described below, may be disposed in each
of the first and second switching transistor regions.

[0072] As illustrated in FIGS. 4 and 5, in the first driving
transistor region 60 of the first sub-pixel circuit region 10,
the first bent portion 150_1 may include a first extension
151_1, a second extension 152_1, and a third extension
153_1. The first extension 151_1 may extend in the first
direction D1 that is petpendicular to an upper surface of the
substrate 50, and the second extension 152_1 may extend
from a first distal end of the first extension 151_1 in the
second direction D2 that is perpendicular to the first direc-
tion D1. The third extension 153_1 may extend from a first
distal end of the second extension 152 _1 in a third direction
D3 that is perpendicular to the second direction D2 and is
opposite to the first direction D1. The first extension 151_1,
the second extension 152_1, and the third extension 153_1
may be integrally formed. A space (e.g., the first area Al of
FIG. 5) formed by the first extension 151_1, the second
extension 152_1, and the third extension 153_1 may be
defined as the first recess 155_1. For example, the first active
pattern 100_1 may have a shape that is bent in the first
direction D1 in the first driving transistor region 60.

[0073] The first active pattern 100_1 may have the first
distance L1 in the first driving transistor region 60, and the
first transistor TR1 disposed in the first driving transistor
region 60 may have a relatively large driving range because
the first distance L1 is longer than the second distance 1.2.
For example, a first gate electrode (e.g., the first gate
electrode 105_1 illustrated in FIG. 7) may be disposed in the
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first driving transistor region 60 overlapping the first active
pattern 100_1, and the first active pattern 100_1 that over-
laps the first gate electrode may serve as a channel of a first
driving transistor. That is, a distance of the first active
pattern 100_1 that overlaps the first gate electrode may
correspond to the first distance L1.

[0074] In the second driving transistor region 70 of the
second sub-pixel circuit region 30, the second bent portion
150_2 may include a fourth extension 151_2, a fifth exten-
sion 152_2, and a sixth extension 153_2. The fourth exten-
sion 151_2 may extend in the first direction D1, and the fifth
extension 152_2 may extend from a first distal end of the
fourth extension 151_2 in the second direction D2. The sixth
extension 153_2 may extend from a first distal end of the
fifth extension 152_2 in the third direction D3. The fourth
extension 151_2, the fifth extension 152_2, and the sixth
extension 153_2 may be integrally formed. A space (e.g., the
second area A2 of FIG. 5) formed by the fourth extension
151_2, the fifth extension 152_2, and the sixth extension
153_2 may be defined as the second recess 155_2. For
example, the second active pattern 100_2 may have a shape
that is bent in the first direction D1 in the second driving
transistor region 70.

[0075] The second active pattern 100_2 may have the
second distance L2 in the second driving transistor region
70, and the first transistor TR1 disposed in the second
driving transistor region 70 may have a relatively small
driving range because the second distance L2 is shorter than
the first distance L1. For example, a second gate electrode
(e.g., the second gate electrode 105_2 illustrated in FIG. 7)
may be disposed in the second driving transistor region 70
overlapping the second active pattern 100_2, and the second
active pattern 100_2 that overlaps the second gate electrode
may serve as a channel of a second driving transistor, which
will be described below. That is, a distance of the second
active pattern 100_2 that overlaps the second gate electrode
may correspond to the second distance L2.

[0076] A correlation between luminance and gradation
data of the OLED display device 500 may be defined
according to a gamma curve. An accurate gamma setting
may be required for the OLED display device 500 to
maintain a stable display quality. When an error occurs in the
gamma setting, a deviation may occur between an actual
luminance and the luminance corresponding to the gradation
data. To minimize this deviation, multi-time programming
(“MTP”) may be performed to program a reference gamma
voltage in real time. The reference gamma voltage may be
a voltage input to a driving circuit that generates a data
signal where the luminance is determined. According to the
gradation data, the driving circuit may generate a data signal
using the reference gamma voltage, and the OLED may emit
light according to the data signal.

[0077] In the OLED display device 500 using a full scale
data (“FSD”) method, when the OLED display device 500
displays an image at a low gray level (or a low gradation, a
low gray scale), the MTP defect may occur due to an
insufficient data output voltage of the blue sub-pixel because
a data margin of a blue sub-pixel (e.g., the blue sub-pixel
disposed in the second sub-pixel circuit region 30 of FIG. 3)
is relatively small. To improve the MTP defect, a driving
range of the driving transistor (e.g., the first transistor TR1
disposed in the second sub-pixel circuit region 30 of FIG. 3)
included in the blue sub-pixel may be reduced. As a distance
(e.g., the second distance L2 of the second active pattern
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100_2 located in the second driving transistor region 70 of
FIG. 5) of an active pattern of the driving transistor is
decreased, the driving range may be reduced. In this case, a
voltage margin of the blue sub-pixel may be correspond-
ingly increased. In example embodiments, when a distance
of an active pattern of the driving transistor (e.g., the second
distance L2 of the second active pattern 100_2 illustrated in
FIG. 5) is decreased from about 23.3 micrometers (e.g., a
distance of a conventional active pattern) to about 21.3
micrometers, the data voltage margin of the blue sub-pixel
may be increased from about 0.03 volts to about 0.3 volts.
Accordingly, when the OLED display device 500 displays
an image at a low gray level (e.g., a black color), the MTP
defect of the OLED display device 500 may be improved.

[0078] As illustrated in FIG. 6, the first active pattern
100_1 may further include a seventh extension 158_1 and a
first protrusion 156_1. The seventh extension 158 _1 may be
spaced apart from the first bent portion 150_1 in a fourth
direction D4 that is opposite to the second direction D2, and
may extend in the first direction D1. The first protrusion
156_1 may be protruded from the seventh extension 158_1
in the second direction D2. For example, the seventh exten-
sion 158_1 may be disposed in the switching transistor
region of the first sub-pixel circuit region 10, and the first
protrusion 156_1 may be disposed in a portion of the
switching transistor region of the first sub-pixel circuit
region 10 and a portion of the first driving transistor region
60. The first protrusion 156_1 may be coupled to a second
distal end of the first extension 151_1 that is opposite to the
first distal end of the first extension 151_1. The first bent
portion 150_1, the seventh extension 158 1, and the first
protrusion 156_1 may be integrally formed.

[0079] The second active pattern 100_2 may further
include an eighth extension 158_2 and a second protrusion
156_2. The eighth extension 158_2 may be spaced apart
from the second bent portion 150_2 in the fourth direction
D4, and may extend in the first direction D1. The second
protrusion 156_2 may be protruded from the eighth exten-
sion 158_2 in the second direction D2. For example, the
eighth extension 158_2 may be disposed in the switching
transistor region of the second sub-pixel circuit region 30,
and the second protrusion 156_2 may be disposed in a
portion of the switching transistor region of the second
sub-pixel circuit region 30 and a portion of the second
driving transistor region 70. The second protrusion 156_2
may be coupled to a second distal end of the fourth extension
151_2 that is opposite to the first distal end of the fourth
extension 151_2. The second bent portion 150_2, the eighth
extension 158_2, and the second protrusion 156_2 may be
integrally formed.

[0080] The first active pattern 100_1 may further include
a ninth extension 159_1 and a third protrusion 157_1. The
ninth extension 159_1 may be spaced apart from the first
bent portion 150_1 in the second direction D2, and may
extend in the first direction D1. The third protrusion 157_1
may be protruded from the ninth extension 159_1 in the
fourth direction D4. For example, the ninth extension 159_1
may be disposed in the switching transistor region of the first
sub-pixel circuit region 10, and the third protrusion 157_1
may be disposed in a portion of the switching transistor
region of the first sub-pixel circuit region 10 and a portion
of the first driving transistor region 60. The third protrusion
157_1 may be coupled to a distal end of the third extension
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153_1. The first bent portion 150_1, the ninth extension
159 1, and the third protrusion 157_1 may be integrally
formed.

[0081] The second active pattern 100_2 may further
include a tenth extension 159_2 and a fourth protrusion
157_2. The tenth extension 159_2 may be spaced apart from
the second bent portion 150_2 in the second direction D2,
and may extend in the first direction D1. The fourth protru-
sion 157_2 may be protruded from the tenth extension
159_2 in the fourth direction D4. For example, the tenth
extension 159_2 may be disposed in the switching transistor
region of the second sub-pixel circuit region 30, and the
fourth protrusion 157_2 may be disposed in a portion of the
switching transistor region of the second sub-pixel circuit
region 30 and a portion of the second driving transistor
region 70. The fourth protrusion 157_2 may be coupled to a
distal end of the sixth extension 153 2. The second bent
portion 150_2, the tenth extension 159 2, and the fourth
protrusion 157_2 may be integrally formed.

[0082] In example embodiments, the first distance L1
illustrated in FIG. 5 may correspond to a total distance (or
length) of the first and third protrusions 156_1 and 157_1,
the first extension 151_1, the second extension 152_1, and
the third extension 153_1 that are located in the first driving
transistor region 60. Similarly, the second distance 1.2
illustrated in FIG. 5 may correspond to a total distance (or
length) of the second and fourth protrusions 156_2 and
157_2, the fourth extension 151_2, the fifth extension 152_
2, and the sixth extension 153_2 that are located in the
second driving transistor region 70.

[0083] As illustrated in FIG. 6, the first active pattern
100_1 and the second active pattern 100_2 may further
include additional extensions and additional protrusions, and
a shape of each of the first active pattern 100_1 and the
second active pattern 100_2 that are illustrated in FIG. 6
may be defined by the additional extensions and the addi-
tional protrusions.

[0084] FIGS. 7 through 11 are layout diagrams for
describing the OLED display device of FIG. 1, and FIG. 12
is a cross-sectional view taken along a line I-I' and a line
II-IT' of FIG. 11.

[0085] Referring to FIGS. 7 and 12, the OLED display
device 500 may include the substrate 50, the first active
pattern 100_1, the second active pattern 100_2, a gate
insulation layer 160, a first gate electrode 105_1, a second
gate electrode 105_2, a first gate wiring 110, a second gate
wiring 115, and a third gate wiring 120.

[0086] The substrate 50 may include a transparent material
or an opaque material. For example, the substrate 50 may
include a quartz substrate, a synthetic quartz substrate, a
calcium fluoride substrate, a fluoride-doped quartz substrate,
a soda-lime glass substrate, or a non-alkali glass substrate.
The substrate 50 may be divided into the first sub-pixel
circuit region 10 and the second sub-pixel circuit region 30.
Alternatively, the substrate 50 may include a flexible trans-
parent resin substrate.

[0087] A buffer layer (not shown) may be disposed on the
substrate 50. In some embodiments, the buffer layer may be
disposed on the entire substrate 50. The buffer layer may
prevent the diffusion of metal atoms and/or impurities from
the substrate 50 into transistors (e.g., the first through
seventh transistors TR1, TR2, TR3_1, TR3_2, TR4_1, TR4_
2, TR5, TR6, and TR7) and first and second sub-pixel
structures 200_1 and 200_2. In addition, the buffer layer



US 2019/0341431 Al

may control a rate of heat transfer in a crystallization process
for forming the first active pattern 100_1 and the second
active pattern 100_2 to obtain substantial uniformity in the
first and second active patterns 100_1 and 100_2. Further,
the buffer layer may improve a surface flatness of the
substrate 50. Depending on a type of the substrate 50, at least
two buffer layers may be provided on the substrate 50, or the
buffer layer may not be disposed. For example, the buffer
layer may include an organic material or an inorganic
material.

[0088] The first active pattern 100_1 and the second active
pattern 100_2 may be disposed on the substrate 50. The first
active pattern 100_1 may be disposed in the first sub-pixel
circuit region 10 on the substrate 50, and the second active
pattern 100_2 may be disposed in the second sub-pixel
circuit region 30 on the substrate 50. Each of the first and
second active patterns 100_1 and 100_2 may include an
oxide semiconductor, an inorganic semiconductor (e.g.,
amorphous silicon, polysilicon), and an organic semicon-
ductor. In example embodiments, each of the first and
second active patterns 100_1 and 100_2 may include an
oxide semiconductor layer including at least one of two-
component compound (ABx), ternary compound (ABxCy),
and four-component compound (ABxCyDz). These com-
pounds may contain indium (In), zinc (Zn), gallium (Ga), tin
(Sn), titanium (T1), aluminum (Al), hafhium (Hf), zirconium
(Zr), and magnesium (Mg). For example, each of the first
and second active patterns 100_1 and 100_2 may include at
least one of zinc oxide (ZnOx), gallium oxide (GaOx),
titanium oxide (TiOx), tin oxide (SnOx), indium oxide
(InOx), indium-gallium oxide (IGO), indium-zinc oxide
(IZ0), indium tin oxide (ITO), gallium zinc oxide (GZO),
zine magnesium oxide (ZMQO), zinc tin oxide (ZTO), zinc
zirconium oxide (ZnZrxQy), indium-gallium-zinc oxide
(IGZ0), indium-zinc-tin oxide (IZTO), indium-gallium-haf-
nium oxide (IGHO), tin-aluminum-zinc oxide (TAZQO), and
indium-gallium-tin oxide (IGTO). The first active pattern
100_1 and the second active pattern 100_2 may be disposed
on the same layer, and may be simultaneously (or concur-
rently) formed using the same material.

[0089] Each of the first and second active patterns 100_1
and 100_2 may include first through tenth regions A, B, C,
D, E, F, G, H, I, and I (e.g., regions where the first gate
electrode 105_1, the second gate electrode 105_2, the first
gate wiring 110, the second gate wiring 115, and the third
gate wiring 120 do not overlap the first and second active
patterns 100_1 and 100_2). The first through tenth regions
A, B, C D, E F G, H [, and ] may be doped with an
impurity to have electrical conductivity higher than those of
other regions of each of the first and second active patterns
100_1 and 100_2. The first through tenth regions A, B, C, D,
E, F, G, H, 1, and J may correspond to source terminals or
drain terminals of the first through seventh transistors TR1,
TR2, TR3, TR4, TRS, TR6, and TR7. The first through tenth
regions A, B, C, D, E, F, G, H, [, and ] may be electrically
connected to each other.

[0090] The gate insulation layer 160 may be disposed on
the first and second active patterns 100_1 and 100_2. The
gate insulation layer 160 may cover the first and second
active patterns 100_1 and 100_2 in the first and second
sub-pixel circuit regions 10 and 30 on the substrate 50. In
some embodiments, the gate insulation layer 160 may be
entirely disposed on the entire substrate 50. For example, the
gate insulation layer 160 may sufficiently cover the first and
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second active patterns 100_1 and 100_2 on the substrate 50,
and may have a substantially flat upper surface planarizing
a step around the first and second active patterns 100_1 and
100_2. Alternatively, the gate insulation layer 160 may
cover the first and second active patterns 100_1 and 100_2
on the substrate 50 with a substantially uniform thickness
along a profile of the first and second active patterns 100_1
and 100_2. The gate insulation layer 160 may include a
silicon compound and/or a metal oxide. For example, the
gate insulation layer 160 may include silicon oxide (SiOx),
silicon nitride (SiNx), silicon oxynitride (SiOxNy), silicon
oxycarbide (SiOxCy), silicon carbon nitride (SiCxNy), alu-
minum oxide (AlOx), aluminum nitride (AINx), tantalum
oxide (TaOx), hafnium oxide (HfOx), zirconium oxide
(ZrOx), or titanium oxide (TiOx). These may be used alone
or in a suitable combination thereof.

[0091] The first gate electrode 105_1, the second gate
electrode 105_2, the first gate wiring 110, the second gate
wiring 115, and the third gate wiring 120 may be disposed
on the gate insulation layer 160. In some embodiments, the
first gate electrode 105_1, the second gate electrode 105_2,
the first gate wiring 110, the second gate wiring 115, and the
third gate wiring 120 may be disposed on the same layer.
Each of the first gate electrode 105_1, the second gate
electrode 105_2, the first gate wiring 110, the second gate
wiring 115, and the third gate wiring 120 may include one
or more of a metal, a metal alloy, a metal nitride, a
conductive metal oxide, and a transparent conductive mate-
rial. For example, each of the first gate electrode 105_1, the
second gate electrode 105_2, the first gate wiring 110, the
second gate wiring 115, and the third gate wiring 120 may
include gold (Au), silver (Ag), aluminum (Al), tungsten
(W), copper (Cu), platinum (Pt), nickel (Ni), titanivm (Ti),
palladium (Pd), magnesium (Mg), calcium (Ca), lithium
(L1), chromium (Cr), tantalum (Ta), molybdenum (Mo),
scandium (Sc), neodymium (Nd), iridium (Jr), an alloy of
aluminum, aluminum nitride (AINX), an alloy of silver,
tungsten nitride (WNXx), an alloy of copper, an alloy of
molybdenum, titanium nitride (TiNx), chromium nitride
(CrNx), tantalum nitride (TaNx), strontium ruthenium oxide
(SRO), zinc oxide (ZnOx), indium tin oxide (ITO), stannum
oxide (SnOx), indium oxide (InOx), gallium oxide (GaOx),
or indium zinc oxide (IZO). These may be used alone or in
a suitable combination thereof. The first gate electrode
105_1, the second gate electrode 105_2, the first gate witing
110, the second gate wiring 115, and the third gate wiring
120 may be simultaneously formed using the same material.
Alternatively, each of the first gate electrode 105_1, the
second gate electrode 105_2, the first gate wiring 110, the
second gate wiring 115, and the third gate wiring 120 may
have a multi-layered structure including a plurality of layers.

[0092] The first gate electrode 105_1 may be disposed in
the first driving transistor region 60 of the first sub-pixel
circuit region 10, and the second gate electrode 105_2 may
be disposed in the second driving transistor region 70 of the
second sub-pixel circuit region 30. For example, each of the
first gate electrode 105_1 and the second gate electrode
105_2 may constitute (or form or define) the first transistor
TR1 (e.g., a driving transistor) together with the first and
second regions A and B. In example embodiments, the first
region A may be a source region, and the second region B
may be a drain region. Alternatively, the first region A may
be a drain region, and the second region B may be a source
region. The first region A and the second region B may be
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doped with an impurity. However, a region of the first and
second active patterns 100_1 and 100_2 that are located
under the first and second gate electrodes 105_1 and 105_2
may not be doped with an impurity. In other words, a region
(e.g., the first driving transistor region 60 and the second
driving transistor region 70) of the first and second active
patterns 100_1 and 100_2 on which the first and second gate
electrodes 105_1 and 105_2 overlap may not be doped with
an impurity. For example, the first region A and the second
region B may operate as conductors, and the first driving
transistor region 60 and the second driving transistor region
70 may operate as a channel of the first transistor TR1.
Accordingly, the first transistor TR1 may be capable of
generating the driving current ID of FIG. 2 provided to each
of the first and second sub-pixel structures 200_1 and 200_2
(e.g., the OLED of FIG. 2), and each of the first and second
sub-pixel structures 200_1 and 200_2 may emit light based
on the driving current ID.

[0093] The first gate wiring 110 may include a gate
extension and a gate protrusion that are located on the first
and second active patterns 100_1 and 100_2 and the gate
insulation layer 160. The gate extension may extend in the
second direction D2, and the gate protrusion may be pro-
truded from the gate extension in the first direction D1. The
gate protrusion may constitute the third transistor TR3_1
together with the fourth region D and the fifth region E. For
example, the gate protrusion may serve as a gate electrode
of the third transistor TR3_1. The gate extension may
include a first portion and a second portion. The first portion
of the gate extension may overlap the ninth extension 159_1
and the tenth extension 159_2, and the second portion of the
gate extension may overlap seventh extension 158_1 and the
eighth extension 158_2 (refer to FIGS. 6 and 7). The first
portion of the gate extension may constitute the third tran-
sistor TR3_2 together with the second region B and the fifth
region E, and the second portion of the gate extension may
constitute the second transistor TR2 (e.g., a switching tran-
sistor) together with the first region A and the third region C.
The third transistors TR3_1 and TR3_2 may be connected in
series serving as a dual gate transistor. For example, when
the dual transistor is turned-off, a leakage current may be
decreased. In this case, the third transistors TR3_1 and
TR3_2 may be electrically connected via the fifth region E.
In addition, the first transistor TR1, the second transistor
TR2, and the fifth transistor TRS may be electrically con-
nected via the first region A, and the first transistor TR1, the
third transistor TR3_2, and the sixth transistor TR6 may be
electrically connected via the second region B.

[0094] The first region A, the second region B, the third
region C, the fourth region D, and the fifth region E may be
doped with an impurity. However, regions of the first and
second active patterns 100_1 and 100_2 under the first gate
wiring 110 may not be doped with an impurity. Thus, the first
region A, the second region B, the third region C, the fourth
region D, and the fifth region E may operate as conductors,
and the regions of the first and second active patterns 100_1
and 100_2 under the first gate wiring 110 may operate as
channels of the second transistor TR2 and the third transis-
tors TR3_1 and TR3_2. In example embodiments, the first
gate wiring 110 may receive the scan signal GW as illus-
trated in FIG. 2.

[0095] In example embodiments, each of the third region
C of the second transistor TR2, the fourth region D of the
third transistor TR3_1, and the fifth region E of the third
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transistor TR3_2 may be a source region, and each of the
first region A of the second transistor TR2, the fifth region
E of the third transistor TR3_1, and the second region B of
the third transistor TR3_2 may be a drain region. Alterna-
tively, each of the third region C of the second transistor
TR2, the fourth region D of the third transistor TR3_1, and
the fifth region E of the third transistor TR3_2 may be a
drain region, and each of the first region A of the second
transistor TR2, the fifth region E of the third transistor
TR3_1, and the second region B of the third transistor
TR3_2 may be a source region.

[0096] The second gate wiring 115 may extend in the
second direction D2 on the first and second active patterns
100_1 and 100_2 and the gate insulation layer 160. The
second gate wiring 115 may constitute the seventh transistor
TR7 together with the sixth region F and the tenth region J
and the fourth transistor TR4_2 together with the sixth
region F and the seventh region G. In addition, the second
gate wiring 115 may constitute the fourth transistor TR4_1
together with the seventh region G and the fourth region D.
The fourth transistors TR4_1 and TR4_2 may be connected
in series serving as a dual gate transistor. For example, when
the dual transistor is turned-off, a leakage current may be
decreased. In this case, the fourth transistors TR4_1 and
TR4_2 may be electrically connected via the seventh region
G. In addition, the seventh transistor TR7 and the fourth
transistor TR4_2 may be electrically connected to the sixth
region F, and the tenth region J may be electrically con-
nected to the ninth region 1.

[0097] The fourth region D, the sixth region F, the seventh
region G, and the tenth region J may be doped with an
impurity. However, regions of the first and second active
patterns 100_1 and 100_2 under the second gate wiring 115
may not be doped with an impurity. Thus, the fourth region
D, the sixth region F, the seventh region G, and the tenth
region J may operate as conductors, and the regions of the
first and second active patterns 100_1 and 100_2 under the
second gate wiring 115 may operate as channels of the fourth
transistors TR4 1 and TR4 2 and the seventh transistor
TR7. In example embodiments, the second gate wiring 115
may receive the data initialization signal GI of FIG. 2, and
the sixth region F may receive the initialization voltage
VINT of FIG. 2.

[0098] In example embodiments, each of the tenth region
I of the seventh transistor TR7, the sixth region F of the
fourth transistor TR4_2, and the seventh region G of the
fourth transistor TR4_1 may be a source region, and each of
the sixth region F of the seventh transistor TR7, the seventh
region G of the fourth transistor TR4_2, and the fourth
region D of the fourth transistor TR4_1 may be a drain
region. Alternatively, the each of the tenth region I of the
seventh transistor TR7, the sixth region F of the fourth
transistor TR4_2, and the seventh region G of the fourth
transistor TR4_1 may be a drain region, and each of the sixth
region F of the seventh transistor TR7, the seventh region G
of the fourth transistor TR4_2, and the fourth region D of the
fourth transistor TR4_1 may be a source region.

[0099] The third gate wiring 120 may constitute the fifth
transistor TRS together with the first region A and the eighth
region H and the sixth transistor TR6 together with the
second region B and the ninth region 1. The first region A,
the second region B, the eighth region H, and the ninth
region I may be doped with an impurity. However, regions
of the first and second active patterns 100_1 and 100_2
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under the third gate wiring 120 may not be doped with an
impurity. Thus, the first region A, the second region B, the
eighth region H, and the ninth region I may operate as
conductors, and the regions of the first and second active
patterns 100_1 and 100_2 under the third gate wiring 120
may operate as channels of the fifth transistor TRS and the
sixth transistor TR6. In example embodiments, the third gate
wiring 120 may receive the light emission signal EM of FIG.
2.

[0100] Inexample embodiments, each of the eighth region
H of the fifth transistor TR5 and the ninth region 1 of the
sixth transistor TR6 may be a source region, and the each of
the first region A of the fifth transistor TR5 and the second
region B of the sixth transistor TR6 may be a drain region.
Alternatively, each of the eighth region H of the fifth
transistor TRS and the ninth region 1 of the sixth transistor
TR6 may be a drain region, and the each of the first region
A of the fifth transistor TR5 and the second region B of the
sixth transistor TR6 may be a source region.

[0101] Referring to FIGS. 8, 9, and 12, the OLED display
device 500 may further include a first insulating interlayer
190, a third gate electrode 130, and an initialization voltage
wiring 140.

[0102] The first insulating interlayer 190 may be disposed
on the first gate electrode 105_1, the second gate electrode
105_2, the first gate wiring 110, the second gate wiring 115,
and the third gate wiring 120. The first insulating interlayer
190 may cover the first gate electrode 105_1, the second gate
electrode 105_2, the first gate wiring 110, the second gate
wiring 115, and the third gate wiring 120 in the first and
second sub-pixel circuit regions 10 and 30 on the gate
insulation layer 160. In some embodiments, the first insu-
lating interlayer 190 may be entirely disposed on the gate
insulation layer 160. For example, the first insulating inter-
layer 190 may sufficiently cover the first gate electrode
105_1, the second gate electrode 105_2, the first gate wiring
110, the second gate wiring 115, and the third gate wiring
120 on the gate insulation layer 160, and may have a
substantially flat upper surface planarizing a step around the
first gate electrode 105_1, the second gate electrode 105_2,
the first gate wiring 110, the second gate wiring 115, and the
third gate wiring 120. Alternatively, the first insulating
interlayer 190 may cover the first gate electrode 105_1, the
second gate electrode 105_2, the first gate wiring 110, the
second gate wiring 115, and the third gate wiring 120 on the
gate insulation layer 160 with a substantially uniform thick-
ness along a profile of the first gate electrode 105_1, the
second gate electrode 105_2, the first gate wiring 110, the
second gate wiring 115, and the third gate wiring 120. The
first insulating interlayer 190 may include a silicon com-
pound and/or a metal oxide.

[0103] The third gate electrode 130 and the initialization
voltage wiring 140 may be disposed on the first insulating
interlayer 190. In some embodiments, the third gate elec-
trode 130 and the initialization voltage wiring 140 may be
disposed on the same layer. Each of the third gate electrode
130 and the initialization voltage wiring 140 may include a
metal, an alloy of a metal, a metal nitride, a conductive metal
oxide, or a transparent conductive material. These may be
used alone or in a suitable combination thereof. The third
gate electrode 130 and the initialization voltage wiring 140
may be simultaneously formed using the same material.
Alternatively, each the third gate electrode 130 and the
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initialization voltage wiring 140 may have a multi-layered
structure including a plurality of layers.

[0104] The third gate electrode 130 may extend in the
second direction D2 on the first insulating interlayer 190.
The third gate electrode 130 may overlap the first gate
electrode 105_1 in the first driving transistor region 60 of the
first sub-pixel circuit region 10 and the second gate electrode
105_2 in the second driving transistor region 70 of the
second sub-pixel circuit region 30. Accordingly, the third
gate electrode 130 may constitute the storage capacitor CST
of FIG. 2 together with the first gate electrode 105_1 in the
first driving transistor region 60 and the second gate elec-
trode 105_2 in the second driving transistor region 70. The
third gate electrode 130 may receive the high power supply
voltage ELVDD of FIG. 2. In addition, the third gate
electrode 130 may have a first opening exposing a portion of
the first gate electrode 105_1 in the first driving transistor
region 60 and a second opening exposing a portion of the
second gate electrode 105_2 in the second driving transistor
region 70. The first gate electrode 105_1 may receive the
initialization voltage VINT of FIG. 2 from a first connection
pattern, which will be described below, via the first opening,
and the second gate electrode 105_2 may receive the ini-
tialization voltage VINT of FIG. 2 from a second connection
pattern, which will be also described below, via the second
opening.

[0105] The initialization voltage wiring 140 may extend in
the second direction D2 on the first insulating interlayer 190.
The initialization voltage wiring 140 may overlap the sixth
region F and provide the initialization voltage VINT to the
sixth region F of the first sub-pixel circuit region 10 and the
sixth region F of the second sub-pixel circuit region 30
through third and fourth connection patterns, which will be
described below.

[0106] Referring 1o FIGS. 10, 11, and 12, the OLED
display device 500 may further include a second insulating
interlayer 195, a first high power supply voltage wiring
290_1, a second high power supply voltage wiring 290_2, a
first data wiring 191_1, a second data wiring 191_2, a first
connection pattern 230_1, a second connection pattern 230_
2, a third connection pattern 388_1, a fourth connection
pattern 388_2, a fifth connection pattern 390_1, and a sixth
connection pattern 390_2, a planarization layer 270, a pixel
defining layer 310, a first sub-pixel structure 200_1, a
second sub-pixel structure 200_2, and an encapsulation
substrate 450. The first sub-pixel structure 200_1 may
include a first lower electrode 291_1, a first light emitting
layer 330_1, and an upper electrode 340, and the second
sub-pixel structure 200_2 may include a second lower
electrode 291_2, a second light emitting layer 330_2, and
the upper electrode 340. The upper electrode 340 included in
the first sub-pixel structure 200_1 and the upper electrode
340 included in the second sub-pixel structure 200_2 may be
integrally formed.

[0107] The second insulating interlayer 195 may be dis-
posed on the third gate electrode 130 and the initialization
voltage wiring 140. The second insulating interlayer 195
may cover the third gate electrode 130 and the initialization
voltage wiring 140 in the first and second sub-pixel circuit
regions 10 and 30 on the first insulating interlayer 190, and
may be entirely disposed on the first insulating interlayer
190. For example, the second insulating interlayer 195 may
sufficiently cover the third gate electrode 130 and the
initialization voltage wiring 140 on the first insulating
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interlayer 190, and may have a substantially flat upper
surface planarizing a step around the third gate electrode 130
and the initialization voltage wiring 140. Alternatively, the
second insulating interlayer 195 may cover the third gate
electrode 130 and the initialization voltage wiring 140 on the
first insulating interlayer 190 having a substantially uniform
thickness along a profile of the third gate electrode 130 and
the initialization voltage wiring 140. The second insulating
interlayer 195 may include a silicon compound and/or a
metal oxide.

[0108] The first high power supply voltage wiring 290_1,
the second high power supply voltage wiring 290_2, the first
data wiring 191_1, the second data wiring 191_2, the first
connection pattern 230_1, the second connection pattern
230_2, the third connection pattern 388_1, the fourth con-
nection pattern 388_2. the fifth connection pattern 390_1,
and the sixth connection pattern 390_2 may be disposed on
the second insulating interlayer 195. In some embodiments,
the first high power supply voltage wiring 290_1, the second
high power supply voltage wiring 290_2, the first data
wiring 191_1, the second data wiring 191_2, the first con-
nection pattern 230_1, the second connection pattern 230_2,
the third connection pattern 388 1, the fourth connection
pattern 388_2, the fifth connection pattern 390_1, and the
sixth connection pattern 390_2 may be disposed on the same
layer. Bach of the first high power supply voltage wiring
290_1, the second high power supply voltage wiring 290_2,
the first data wiring 191_1, the second data wiring 191_2,
the first connection pattern 230_1, the second connection
pattern 230_2, the third connection pattern 388_1, the fourth
connection pattern 388_2, the fifth connection pattern 390_
1, and the sixth connection pattern 390_2 may include a
metal, an alloy of a metal, a metal nitride, a conductive metal
oxide, or a transparent conductive material. These may be
used alone or in a suitable combination thereof. The first
high power supply voltage wiring 290_1, the second high
power supply voltage wiring 290_2, the first data wiring
191_1, the second data wiring 191_2, the first connection
pattern 230_1, the second connection pattern 230_2, the
third connection pattern 388_1, the fourth connection pat-
tern 388_2, the fifth connection pattern 390_1, and the sixth
connection pattern 390_2 may be simultaneously formed
using the same material. Alternatively, each of the first high
power supply voltage wiring 290_1, the second high power
supply voltage wiring 290_2, the first data wiring 191_1, the
second data wiring 191_2, the first connection pattern 230_
1, the second connection pattern 230_2, the third connection
pattern 388_1, the fourth connection pattern 388_2, the fifth
connection pattern 390_1, and the sixth connection pattern
390_2 may have a multi-layered structure including a plu-
rality of layers.

[0109] The first data wiring 191_1 may extend in the first
direction D1 in the first driving transistor region 60 on the
second insulating interlayer 195, and may be connected to
the third region C of the first active pattern 100_1 via a
contact hole 210_1. The first data wiring 191_1 may receive
the data signal DATA of FIG. 2. Accordingly, the first data
wiring 191_1 may provide the data signal DATA to the third
region C of the first active pattern 100_1 via the contact hole
210_1. A voltage level of the data signal DATA may be
changed according to a change of a gradation.

[0110] The second data wiring 191_2 may extend in the
first direction D1 in the second driving transistor region 70
on the second insulating interlayer 195, and may be con-
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nected to the third region C of the second active pattern
100_2 via a contact hole 210_2. The second data witing
191_2 may receive the data signal DATA of FIG. 2. Accord-
ingly, the second data wiring 191_2 may provide the data
signal DATA to the third region C of the second active
pattern 100_2 via the contact hole 210_2. A voltage level of
the data signal DATA may be changed according to a change
of a gradation.

[0111] The first high power supply voltage wiring 290_1
may extend in the first direction D1 as being spaced apart
from the first data wiring 191_1 in the first sub-pixel circuit
region 10 on the second insulating interlayer 195. The first
high power supply voltage wiring 290_1 may be connected
to the eighth region H of the first active pattern 100_1 via a
contact hole 355_1 and may be further connected to the third
gate electrode 130 located in the first sub-pixel circuit region
10 via a contact hole 360_1. The first high power supply
voltage wiring 290_1 may receive the high power supply
voltage ELVDD of FIG. 2. Accordingly, the first high power
supply voltage wiring 290_1 may provide the high power
supply voltage ELVDD to the eighth region H of the first
active pattern 100_1 and the third gate electrode 130 located
in the first sub-pixel circuit region 10 via the contact holes
355_1 and 360_1, respectively.

[0112] The second high power supply voltage wiring
290_2 may extend in the first direction D1 as being spaced
apart from the second data wiring 191_2 in the second
sub-pixel circuit region 30 on the second insulating inter-
layer 195. The second high power supply voltage wiring
290_2 may be connected to the eighth region H of the
second active pattern 100_2 via a contact hole 355_2 and
may be further connected to the third gate electrode 130
located in the second sub-pixel circuit region 30 via a
contact hole 360_2. The second high power supply voltage
wiring 290_2 may receive the high power supply voltage
ELVDD of FIG. 2. Accordingly, the second high power
supply voltage wiring 290_2 may provide the high power
supply voltage ELVDD to the eighth region H of the second
active pattern 100_2 and the third gate electrode 130 located
in the second sub-pixel circuit region 30 via the contact
holes 355_2 and 360_2, respectively.

[0113] The first connection pattern 230_1 may extend in
the first direction D1 in the first sub-pixel circuit region 10
on the second insulating interlayer 195 overlapping a portion
of the fourth region D of the first active pattern 100_1 and
a portion of the first driving transistor region 60. The first
connection pattern 230_1 may be connected to the fourth
region D of the first active pattern 100_1 via a contact hole
250_1 and may be further connected to the first gate elec-
trode 105_1 via a contact hole 270_1. The fourth region D
of the first active pattern 100_1 may receive the initialization
voltage VINT, and the initialization voltage VINT may be
applied to the first gate electrode 105_1 through the first
connection pattern 230_1.

[0114] The second connection pattern 230_2 may extend
in the first direction D1 in the second sub-pixel circuit region
30 on the second insulating interlayer 195 overlapping a
portion of the fourth region D of the second active pattern
100_2 and a portion of the second driving transistor region
70. The second connection pattern 230_2 may be connected
to the fourth region D of the second active pattern 100_2 via
a contact hole 250_2 and may be further connected to the
second gate electrode 105_2 via a contact hole 270_2. The
fourth region D of the second active pattern 100_2 may
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receive the initialization voltage VINT, and the initialization
voltage VINT may be applied to the second gate electrode
105_2 through the second connection pattern 230_2.
[0115] The third connection pattern 388_1 may overlap a
portion of the initialization voltage wiring 140 and a portion
of the sixth region F of the first active pattern 100_1 in the
first sub-pixel circuit region 10 on the second insulating
interlayer 195. The third connection pattern 388_1 may be
connected to the initialization voltage wiring 140 via a
contact hole 430_1 and may be further connected to the sixth
region F of the first active pattern 100_1 via a contact hole
431_1. The initialization voltage VINT may be applied to
the sixth region F of the first active pattern 100_1 through
the third connection pattern 388_1.

[0116] The fourth connection pattern 388_2 may overlap a
portion of the initialization voltage wiring 140 and a portion
of the sixth region F of the second active pattern 100_2 in
the second sub-pixel circuit region 30 on the second insu-
lating interlayer 195. The fourth connection pattern 388_2
may be connected to the initialization voltage wiring 140 via
a contact hole 430_2 and may be further connected to the
sixth region F of the second active pattern 100_2 via a
contact hole 431_2. The initialization voltage VINT may be
applied to the sixth region F of the second active pattern
100_2 through the fourth connection pattern 388_2.

[0117] The fifth connection pattern 390_1 may overlap the
ninth region I of the first active pattern 100_1 in the first
sub-pixel circuit region 10 on the second insulating inter-
layer 195. The fifth connection pattern 390_1 may be
connected to the ninth region I of the first active pattern
100_1 via a contact hole 410_1 and may be in contact with
the first lower electrode 291_1 of the first sub-pixel structure
200_1. The fifth connection pattern 390_1 may provide a
driving current to the first lower electrode 291_1 of the first
sub-pixel structure 200_1.

[0118] The sixth connection pattern 390_2 may overlap
the ninth region 1 of the second active pattern 100_2 in the
second sub-pixel circuit region 30 on the second insulating
interlayer 195. The sixth connection pattern 390_2 may be
connected to the ninth region I of the second active pattern
100_2 via a contact hole 410_2 and may be in contact with
the second lower electrode 291_2 of the second sub-pixel
structure 200_2. The sixth connection pattern 390_2 may
provide a driving current to the second lower electrode
291_2 of the second sub-pixel structure 200_2.

[0119] The planarization layer 270 may be disposed on the
second insulating interlayer 195, the first high power supply
voltage wiring 290_1, the second high power supply voltage
wiring 290_2, the first data wiring 191_1, the second data
wiring 191_2, the first connection pattern 230_1, the second
connection pattern 230_2, the third connection pattern 388_
1, the fourth connection pattern 388_2, the fifth connection
pattern 390_1, and the sixth connection pattern 390_2. The
planarization layer 270 may have a first contact hole expos-
ing a portion of the fifth connection pattern 390_1 that is
connected to the sixth transistor TR6 disposed in the first
sub-pixel circuit region 10 and a second contact hole expos-
ing a portion of the sixth connection pattern 390_2 that is
connected to the sixth transistor TR6 disposed in the second
sub-pixel circuit region 30. The planarization layer 270 may
have a large thickness to sufficiently cover the first high
power supply voltage wiring 290_1, the second high power
supply voltage wiring 290_2, the first data wiring 191_1, the
second data wiring 191_2, the first connection pattern 230_
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1, the second connection pattern 230_2, the third connection
pattern 388_1, the fourth connection pattern 388_2, the fifth
connection pattern 390_1, and the sixth connection pattern
390_2 on the second insulating interlayer 195. In this case,
the planarization layer 270 may have a substantially flat
upper surface, and a planarization process may be further
performed on the planarization layer 270 to implement the
flat upper surface of the planarization layer 270. The pla-
narization layer 270 may include an organic material or an
inorganic material. In example embodiments, the planariza-
tion layer 270 may include one or more organic materials.
For example, the planarization layer 270 may include one or
more of a photoresist, a polyacryl-based resin, a polyimide-
based resin, a polyamide-based resin, a siloxane-based resin,
an acryl-based resin, and an epoxy-based resin.

[0120] The first lower electrode 291_1 of the first sub-
pixel structure 200_1 may be disposed in the first sub-pixel
circuit region 10 on the planarization layer 270. The first
lower electrode 291_1 may be in direct contact with the fifth
connection pattern 390_1 via the first contact hole of the
planarization layer 270 and may be electrically connected to
the sixth transistor TR6 disposed in the first sub-pixel circuit
region 10 through the fifth connection pattern 390_1.
Accordingly, the first lower electrode 291_1 of the first
sub-pixel structure 200_1 may receive the driving current ID
of FIG. 2 through the fifth connection pattern 390_1. In
example embodiments, the first lower electrode 291_1 may
be an anode electrode. Alternatively, the first lower electrode
291_1 may be a cathode electrode.

[0121] The second lower electrode 291_2 of the second
sub-pixel structure 200_2 may be disposed in the second
sub-pixel circuit region 30 on the planarization layer 270.
The second lower electrode 291_2 may be in direct contact
with the sixth connection pattern 390_2 via the second
contact hole of the planarization layer 270 and may be
electrically connected to the sixth transistor TR6 disposed in
the second sub-pixel circuit region 30 through the sixth
connection pattern 390_2. Accordingly, the second lower
electrode 291_2 of the second sub-pixel structure 200_2
may receive the driving current ID of FIG. 2 through the
sixth connection pattern 390_2. In example embodiments,
the second lower electrode 291_2 may be an anode elec-
trode. Alternatively, the second lower electrode 291_2 may
be a cathode electrode.

[0122] Each of the first lower electrode 291_1 and the
second lower electrode 291_2 may include a metal, a metal
alloy, a metal nitride, a conductive metal oxide, or a trans-
parent conductive material. These may be used alone or in
a suitable combination thereof. The first lower electrode
291_1 and the second lower electrode 291_2 may be simul-
taneously formed using the same material. Alternatively,
each of the first lower electrode 291 _1 and the second lower
electrode 291_2 may have a multi-layered structure includ-
ing a plurality of layers.

[0123] The pixel defining layer 310 may be disposed on a
portion of the first lower electrode 291_1, a portion of the
second lower electrode 291_2, and the planarization layer
270. The pixel defining layer 310 may cover both lateral
portions of the first lower electrode 291_1 and both lateral
portions of the second lower electrode 291_2 and may have
openings exposing an upper surface of each of the first and
second lower electrodes 291_1 and 291_2. The pixel defin-
ing layer 310 may include an organic material or an inor-
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ganic material. In example embodiments, the pixel defining
layer 310 may include one or more organic materials.

[0124] The first light emitting layer 330_1 of the first
sub-pixel structure 200_1 may be disposed on the first lower
electrode 291_1 exposed by the opening of the pixel defin-
ing layer 310 in the first sub-pixel circuit region 10, and the
second light emitting layer 330_2 of the second sub-pixel
structure 200_2 may be disposed on the second lower
electrode 291_2 exposed by the opening of the pixel defin-
ing layer 310 in the second sub-pixel circuit region 30. Fach
of the first and second light emitting layers 330_1 and 330_2
may be formed using at least one of light emitting materials
capable of generating different colors of light (e.g., a red
color of light, a blue color of light, and a green color of light)
according to a color of the sub-pixels. Alternatively, each of
the first and second light emitting layers 330_1 and 330_2
may generally generate a white color of light by stacking a
plurality of light emitting materials capable of generating
different colors of light such as a red color of light, a green
color of light, and a blue color of light. In this case, a color
filter (not shown) may be disposed on each of the first and
second light emitting layers 330_1 and 330_2. For example,
the color filter may overlap each of the first and second light
emitting layers 330_1 and 330_2 on an upper surface of the
encapsulation substrate 450. The color filter may include at
least one selected from a red color filter, a green color filter,
and a blue color filter. Alternatively, the color filter may
include a yellow color filter, a cyan color filter, and a
magenta color filter. The color filter may include a photo-
sensitive resin, and/or a color photoresist. In example
embodiments, the first light emitting layer 330_1 may emit
a red or green color of light, and the second light emitting
layer 330_2 may emit a blue color of light.

[0125] The upper electrode 340 may be disposed on the
pixel defining layer 310, the first light emitting layer 330_1,
and the second light emitting layer 330_2. The upper elec-
trode 340 may cover the pixel defining layer 310, the first
light emitting layer 330_1, and the second light emitting
layer 330_2. In some embodiments, the upper electrode 340
may be disposed on the entire substrate 50. In example
embodiments, the upper electrode 340 may be a cathode
electrode and may receive the low power supply voltage
ELVSS of FIG. 2. Alternatively, the upper electrode 340 may
be an anode electrode. The upper electrode 340 may include
a metal, an alloy of a metal, a metal nitride, a conductive
metal oxide, or a transparent conductive material. These
may be used alone or in a suitable combination thereof. The
upper electrode 340 may be integrally formed in the first
sub-pixel circuit region 10 and the second sub-pixel circuit
region 30. In some example embodiments, the upper elec-
trode 340 may have a multi-layered structure including a
plurality of layers.

[0126] The encapsulation substrate 450 may be disposed
on the upper electrode 340. The encapsulation substrate 450
and the substrate 50 may include substantially the same
material. For example, the encapsulation substrate 450 may
include a quartz substrate, a synthetic quartz substrate, a
calcium fluoride substrate, a fluoride-doped quartz substrate,
asoda-lime glass substrate, or a non-alkali glass substrate. In
some example embodiments, the encapsulation substrate
450 may include a transparent inorganic material or a
flexible plastic material. For example, the encapsulation
substrate 450 may include a flexible transparent resin sub-
strate. In this case, to increase flexibility of the display
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device 500, the encapsulation substrate 450 may include a
stacked structure in which at least one inorganic layer and at
least one organic layer are alternately stacked. The stacked
structure may include a first inorganic layer, an organic
layer, and a second inorganic layer. For example, the first
inorganic layer having flexibility may be disposed along a
profile of the upper electrode 340, and the organic layer
having flexibility may be disposed on the first inorganic
layer. The second inorganic layer having flexibility may be
disposed on the organic layer. That is, the stacked structure
may correspond to a thin film encapsulation structure that is
in direct contact with the upper electrode 340.

[0127] As the second active pattern 100_2 of the OLED
display device 500 according to example embodiments has
a relatively small second area A2 or a relatively short second
distance [.2 in the second driving transistor region 70, the
MTP defect of the OLED display device 500 may be
improved, thereby improving visibility of the OLED display
device 500.

[0128] FIG. 13 is a layout diagram illustrating an example
of an active pattern included in an OLED display device in
accordance with example embodiments. For example, FIG.
13 corresponds to a layout diagram for describing active
patterns disposed in the first and second driving transistor
regions 60 and 70 of FIG. 3. An OLED display device 600
illustrated in FIG. 13 may have a configuration substantially
the same as or similar to that of the OLED display device
500 described with reference to FIGS. 1 through 12 except
for the first active pattern 100_1. In FIG. 13, detailed
descriptions for elements that are substantially the same as
or similar to elements described with reference to FIGS. 1
through 12 may not be repeated.

[0129] Referring to FIGS. 3, 4, 5, and 13, in the first
driving transistor region 60 of the first sub-pixel circuit
region 10, the first bent portion 150_1 may include the first
extension 151_1, the second extension 152_1, and the third
extension 153_1. The first extension 151_1 may extend in
the first direction D1 that is perpendicular to an upper
surface of the substrate 50, and the second extension 152_1
may extend from a first distal end of the first extension
151_1 in the second direction D2 that is perpendicular to the
first direction D1. The third extension 153_1 may extend
from a first distal end of the second extension 152 1 in the
third direction D3 that is perpendicular to the second direc-
tion D2 and is opposite to the first direction D1. The first
extension 151_1, the second extension 152_1, and the third
extension 153_1 may be integrally formed. A space (e.g., the
first area A1 of FIG. 5) formed by the first extension 151_1,
the second extension 152_1, and the third extension 153_1
may be defined as the first recess 155_1. For example, the
first active pattern 100_1 may have a shape that is bent in the
first direction D1 in the first driving transistor region 60.
[0130] The first active pattern 100_1 may have the first
distance L1 in the first driving transistor region 60, and the
first transistor TR1 disposed in the first driving transistor
region 60 may have a relatively large driving range because
the first distance L1 is relatively longer than the second
distance L2.

[0131] In example embodiments, the first active pattern
100_1 may have a first width W1 in the first driving
transistor region 60 that is smaller than a width of the first
active pattern 100_1 of FIGS. 4 and 5. For example, the first
width W1 may be reduced from about 3.5 micrometers to
about 3 micrometers. Alternatively, the first width W1 of
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FIG. 13 may be in a range between about 2 and about 3
micrometers. In addition to reduction of the first width W1,
the first distance L1 of the first active pattern 100_1 of FIG.
13 may be increased compared to the first distance L1 of the
first active pattern 100_1 of FIGS. 4 and 5. Accordingly, a
driving range of the first transistor TR1 disposed in the first
driving transistor region 60 of the first active pattern 100_1
of FIG. 13 may be increased compared to the driving range
of each of the first transistor TR1 of FIGS. 4 and 5 and the
first transistor TR1 disposed in the second driving transistor
region 70 of FIG. 13.

[0132] In the second driving transistor region 70 of the
second sub-pixel circuit region 30, the second bent portion
150_2 may include the fourth extension 151_2, the fifth
extension 152_2, and the sixth extension 153_2. The fourth
extension 151_2 may extend in the first direction D1, and the
fifth extension 152_2 may extend from a first distal end of
the fourth extension 151 2 in the second direction D2. The
sixth extension 153_2 may extend from a first distal end of
the fifth extension 152 2 in the third direction D3. The
fourth extension 151_2, the fifth extension 152_2, and the
sixth extension 153_2 may be integrally formed. A space
(e.g., the second area A2 of FIG. 5) formed by the fourth
extension 151_2, the fifth extension 152_2, and the sixth
extension 153_2 may be defined as the second recess 155_2.
For example, the second active pattern 100_2 may have a
shape that is bent in the first direction D1 in the second
driving transistor region 70.

[0133] The second active pattern 100_2 may have the
second distance L2 in the second driving transistor region
70, and the first transistor TR1 disposed in the second
driving transistor region 70 may have a relatively small
driving range compared to the first transistor TR1 disposed
in the first driving transistor region 60 because the second
distance L2 is shorter than the first distance L1.

[0134] Inexample embodiments, the second active pattern
100_2 may have a second width W2 that is greater than the
first width W1 in the second driving transistor region 70. For
example, the second width W2 of the second active pattern
100_2 of FIG. 13 may be identical to a width of the second
active pattern 100_2 of FIGS. 4 and 5. For example, the
second width W2 may be about 3.5 micrometers.

[0135] When a driving range is increased to improve a
mura effect (or a stain effect) that may be generated while the
OLED display device 600 displays an image, the MTP
defect may occur. When the OLED display device 600
displays the image at a low gradation, the MTP defect may
occur due to an insufficient data output voltage of a blue
sub-pixel because a data voltage margin of the blue sub-
pixel is relatively small. When a width of the first active
pattern 100_1 disposed in the first driving transistor region
60 is relatively decreased, the mura defect can be reduced.
[0136] Accordingly, to simultaneously solve the issues of
the mura defect and the MTP defect, the OLED display
device 600 according to the example embodiments includes
the first active pattern 100_1 having a relatively small first
width W1 and a relatively long first distance L1 in the first
driving transistor region 60, and the first transistor TR1
disposed in the first driving transistor region 60 may have a
relatively large driving range. In addition, as the OLED
display device 600 includes the second active pattern 100_2
having a relatively large second width W2 and a relatively
short second distance L2 in the second driving transistor
region 70, the first transistor TR1 disposed in the second
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driving transistor region 70 may have a relatively small
driving range. In this case, the mura defect and the MTP
defect may be simultaneously improved.

[0137] Insome example embodiments, the OLED display
device 600 may be manufactured by suitably choosing and
changing the first width W1 and/or the first distance L1 of
the first active pattern 100_1 and the second width W2
and/or the second distance [.2 of the second active pattern
100_2 to improve the mura defect and the MTP defect.
[0138] FIG. 14 is a layout diagram illustrating another
example of an active pattern included in an OLED display
device in accordance with example embodiments. For
example, FIG. 14 corresponds to a layout diagram for
describing active patterns disposed in the first and second
driving transistor regions 60 and 70 of FIG. 3. An OLED
display device 700 illustrated in FIG. 14 may have a
configuration substantially the same as or similar to that of
the OLED display device 500 described with reference to
FIGS. 1 through 12 except for the first active pattern 100_1
and the second active pattern 100_2. In FIG. 14, detailed
descriptions for elements that are substantially the same as
or similar to elements described with reference to FIGS. 1
through 12 may not be repeated.

[0139] Referring to FIGS. 3, 4, 5, and 14, in the first
driving transistor region 60 of the first sub-pixel circuit
region 10, a taper angle of each of edges 150_a, 150_b,
150_c, and 150_d (or corners) of the first bent portion 150_1
may be relatively increased. For example, the first bent
portion 150_1 of FIG. 14 may be formed by removing a
portion of the edges of the first bent portion 150_1 of FIG.
4. That is, the first active pattern 100_1 according to the
OLED display device 700 may include the first bent portion
150_1 that includes the edges 150_a, 150_b, 150_c, and
150_d having a gradual taper angle.

[0140] In similar, in the second driving transistor region
70 of the second sub-pixel circuit region 30, a taper angle of
each of edges 150_e, 150_f; 150_g, and 150_% of the second
bent portion 150_2 may be relatively increased. For
example, the second bent portion 150_2 of FIG. 14 may be
formed by removing a portion of the edges of the second
bent portion 150_2 of FIG. 4. That is, the second active
pattern 100_2 according to the OLED display device 700
may include the second bent portion 150_2 that includes the
edges 150_e, 150_f; 150_g, and 150_% having a gradual
taper angle.

[0141] FIG. 15 is a layout diagram illustrating still another
example of an active pattern included in an OLED display
device in accordance with example embodiments. For
example, FIG. 15 corresponds to a layout diagram for
describing active patterns disposed in the first and second
driving transistor regions 60 and 70 of FIG. 3. An OLED
display device illustrated in FIG. 15 may have a configura-
tion substantially the same as or similar to that of the OLED
display device 500 described with reference to FIGS. 1
through 12 except for the first active pattern 100_1 and the
second active pattern 100_2. In FIG. 15, detailed descrip-
tions for elements that are substantially the same as or
similar to elements described with reference to FIGS. 1
through 12 may not be repeated.

[0142] Referring to FIGS. 3, 4, 5, and 15, in the first
driving transistor region 60 of the first sub-pixel circuit
region 10, a plurality of first bent portions 150_1 may be
located, and the first bent portions 150_1 may be integrally
formed. A plurality of first recesses 155_1 may be defined by
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the first bent portions 150_1. For example, a shape of the
first bent portions 150_1 may have at least one selected from
a plan shape of an S, a plan shape of a W, etc.

[0143] In the second driving transistor region 70 of the
second sub-pixel circuit region 30, a plurality of second bent
portions 150_2 may be located, and the second bent portions
150_2 may be integrally formed. A plurality of second
recesses 155_2 may be defined by the second bent portions
150_2. For example, a shape of the second bent portions
150_2 may have at least one selected from a plan shape of
an S, a plan shape of a W, etc.

[0144] In example embodiments, an area of each of the
second recesses 155_2 may be less than an area of each of
the first recesses 155 1.

[0145] The first active pattern 100_1 may have the first
distance L1 (e.g., a total length of the first bent portions
150_1) in the first driving transistor region 60, and the first
transistor TR1 disposed in the first driving transistor region
60 may have a relatively large driving range because the first
distance L1 is relatively longer than the second distance 1.2.
[0146] The second active pattern 100_2 may have the
second distance L2 (e.g., a total length of the second bent
portions 150_2) in the second driving transistor region 70,
and the first transistor TR1 disposed in the second driving
transistor region 70 may have a relatively small driving
range because the second distance L2 is relatively shorter
than the first distance L1.

[0147] The present disclosure may be applied to various
display devices including an OLED display device. For
example, the present disclosure may be applied to, but is not
limited to, a vehicle-display device, a ship-display device,
an aircraft-display device, a portable communication device,
a display device for information transfer, and a medical-
display device.

[0148] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof.
Although a few example embodiments have been described,
those skilled in the art will readily appreciate that many
modifications are possible in the example embodiments
without materially departing from the novel teachings and
advantages of the present inventive concept. Accordingly, all
such modifications are intended to be included within the
scope of the present disclosure. Therefore, it is to be
understood that the foregoing is illustrative of various
example embodiments and is not to be construed as limited
to the specific example embodiments disclosed, and that
modifications to the disclosed example embodiments, as
well as other example embodiments, are intended to be
included within the scope of the present disclosure including
the appended claims.

What is claimed is:

1. An organic light emitting diode (“OLED”) display

device, comprising:

a substrate having a first sub-pixel circuit region including
a first driving transistor region and a second sub-pixel
circuit region including a second driving transistor
region, wherein the first sub-pixel circuit region is
located adjacent to the second sub-pixel circuit region;

a first active pattern disposed in the first sub-pixel circuit
region on the substrate, the first active pattern having a
first bent portion in the first driving transistor region,
the first active pattern having a first recess formed by
the first bent portion in a direction of a plan surface;
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a second active pattern disposed in the second sub-pixel
circuit region on the substrate, the second active pattern
having a second bent portion in the second driving
transistor region, the second active pattern having a
second recess formed by the second bent portion in the
direction in the plan surface, wherein an area of the
second recess is less than an area of the first recess; and

a first sub-pixel structure disposed on the first active
pattern and a second sub-pixel structure disposed on the
second active pattern.

2. The OLED display device of claim 1, wherein the first

bent portion includes:

a first extension extending in a first direction that is
perpendicular to an upper surface of the substrate;

a second extension extending from a first distal end of the
first extension in a second direction that is perpendicu-
lar to the first direction; and

a third extension extending from a first distal end of the
second extension in a third direction that is perpen-
dicular to the second direction and is opposite to the
first direction, and

wherein the first, second, and third extensions are inte-
grally formed.

3. The OLED display device of claim 2, wherein a space
formed by the first, second, and third extensions is defined
as the first recess.

4. The OLED display device of claim 2, wherein the first
active pattern has a shape that is bent in the first direction in
the first driving transistor region.

5. The OLED display device of claim 2, wherein the
second bent portion includes:

a fourth extension extending in the first direction;

a fifth extension extending from a first distal end of the

fourth extension in the second direction; and

a sixth extension extending from a first distal end of the
fifth extension in the third direction, and

wherein the fourth, fifth, and sixth extensions are inte-
grally formed.

6. The OLED display device of claim 5, wherein a space
formed by the fourth, fifth, and sixth extensions is defined as
the second recess.

7. The OLED display device of claim 5, wherein the
second active pattern has a shape that is bent in the first
direction in the second driving transistor region.

8. The OLED display device of claim 5, wherein the first
bent portion has a first width, and the second bent portion
has a second width that is less than the first width.

9. The OLED display device of claim 5, wherein the first
sub-pixel circuit region further includes a first switching
transistor region surrounding the first driving transistor
region, and

wherein the second sub-pixel circuit region further
includes a second switching transistor region surround-
ing the second driving transistor region.

10. The OLED display device of claim 9, wherein the first

active pattern further includes:

a seventh extension disposed in the first switching tran-
sistor region, the seventh extension being spaced apart
from the first bent portion in a fourth direction that is
opposite to the second direction, the seventh extension
extending in the first direction; and

a first protrusion protruded from the seventh extension in
the second direction, the first protrusion being coupled
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to a second distal end that is opposite to the first distal
end of the first extension, and

wherein the seventh extension, the first protrusion, and the
first bent portion are integrally formed.

11. The OLED display device of claim 10, wherein the

second active pattern further includes:

an eighth extension disposed in the second switching
transistor region, the eighth extension being spaced
apart from the second bent portion in the fourth direc-
tion, the eighth extension extending in the first direc-
tion; and

a second protrusion protruded from the eighth extension
in the second direction, the second protrusion being
coupled to a second distal end that is opposite to the
first distal end of the fourth extension, and

wherein the eighth extension, the second protrusion, and
the second bent portion are integrally formed.

12. The OLED display device of claim 11, further com-

prising:

a first gate wiring extending in the second direction on the
seventh extension of the first active pattern and the
eighth extension of the second active pattern.

13. The OLED display device of claim 12, wherein a first
switching transistor is disposed in a portion where the first
gate wiring crosses the seventh extension, and a second
switching transistor is disposed in a portion where the first
gate wiring crosses the eighth extension.

14. The OLED display device of claim 1, further com-
prising:
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a first gate electrode disposed on the first bent portion,
wherein the first gate electrode and the first bent portion
form a first driving transistor; and

a second gate electrode disposed on the second bent
portion, wherein the second gate electrode and the
second bent portion form a second driving transistor.

15. The OLED display device of claim 14, wherein the
first and second gate electrodes have a same shape.

16. The OLED display device of claim 15, wherein a first
area where the first gate electrode overlaps the first bent
portion is greater than a second area where the second gate
electrode overlaps the second bent portion.

17. The OLED display device of claim 15, wherein a
distance of the first active pattern that overlaps the first gate
electrode is greater than a distance of the second active
pattern that overlaps the second gate electrode.

18. The OLED display device of claim 14, wherein the
first sub-pixel structure includes a first lower electrode and
a first light emitting layer disposed on the first lower
electrode, and the second sub-pixel structure includes a
second lower electrode and a second light emitting layer
disposed on the second lower electrode.

19. The OLED display device of claim 18, wherein the
first light emitting layer emits a red color of light or a green
color of light, and the second light emitting layer emits a
blue color of light.

20. The OLED display device of claim 14, wherein the
first driving transistor and the first active pattern form a first
sub-pixel circuit, and the second driving transistor and the
second active pattern form a second sub-pixel circuit.
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