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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
MANUFACTURING AN 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. 10-2018-0094569,
filed on Aug. 13, 2018 in the Korean Intellectual Property
Office (KIPO), the contents of which are incorporated herein
in its entirety by reference.

BACKGROUND

1. Field

[0002] Example embodiments relate generally to an
organic light emitting diode display device and a method of
manufacturing an organic light emitting diode display
device. More particularly, embodiments of the present
inventive concept relate to an organic light emitting diode
display device including a gate driver and a method of
manufacturing an organic light emitting diode display
device including a gate driver.

2. Description of the Related Art

[0003] A flat panel display (“FPD”) device is widely used
as a display device in 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 include a liquid crystal display (“LCD”) device and
an organic light emitting diode (“OLED”) display device.
Compared to the LCD device, the OLED display device may
have 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 back-
light 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 display
region displaying an image and a peripheral region sur-
rounding the display region, and a gate driver, a data driving
unit, and a plurality of wirings are disposed in the peripheral
region. A plurality of transistors may be disposed in the gate
driver, and a plurality of transistors may be disposed in the
display region. As the OLED display device becomes larger
and has a high luminance, the number of transistors included
in the gate driver that is disposed in the peripheral region
(e.g., a dead space) may be relatively increased. In this case,
an area of the peripheral region may be increased.

SUMMARY

[0005] Some example embodiments provide an organic
light emitting diode (OLED) display device including a gate
driver.

[0006] Some example embodiments provide a method of
manufacturing an OLED display device including a gate
driver.

[0007] According to some example embodiments, an
OLED display device includes a substrate, a first oxide
transistor, a second oxide transistor, and a sub-pixel struc-
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ture. The substrate has a display region including a plurality
of sub-pixel regions, and has a peripheral region located at
a side of the display region. The first oxide transistor is
disposed in the peripheral region on the substrate, and
includes a first oxide semiconductor pattern that includes tin
(Sn). The second oxide transistor is disposed in the sub-pixel
regions each on the substrate, and includes a second oxide
semiconductor pattern. The sub-pixel structure is disposed
on the second oxide transistor.

[0008] In example embodiments, the second oxide semi-
conductor pattern might not include Sn.

[0009] In example embodiments, the first oxide transistor
and the second oxide transistor may be located at a same
layer.

[0010] In example embodiments, the first oxide transistor
may further include a first gate electrode disposed on the first
oxide semiconductor pattern and first source and first drain
electrodes disposed on the first gate electrode.

[0011] In example embodiments, the OLED display
device may further include a gate driver generating a gate
signal. The gate driver may be disposed in the peripheral
region on the substrate, and may include a transistor. The
transistor included in the gate driver may correspond to the
first oxide transistor.

[0012] In example embodiments. the OLED display
device may further include a third oxide transistor disposed
in the sub-pixel regions each on the substrate. The third
oxide transistor includes a third oxide semiconductor pat-
tern, and the third oxide semiconductor pattern may include
Sn. The second oxide transistor may correspond to a driving
transistor, and the third oxide transistor may correspond to
a switching transistor.

[0013] In example embodiments, the first oxide semicon-
ductor pattern, the second oxide semiconductor pattern, and
the third oxide semiconductor pattern may be located at a
same layer.

[0014] In example embodiments, the first oxide semicon-
ductor pattern and the third oxide semiconductor pattern
may include same materials.

[0015] In example embodiments, the first oxide semicon-
ductor pattern may include at least one of tin oxide (SnO),
indium-tin oxide (ITO), zinc-tin oxide (ZTO), indium-zinc-
tin oxide (IZTO), tin-aluminum-zinc oxide (TAZO), indium-
gallium-tin oxide (IGTO), and indium-tin-gallium-zinc
oxide (ITGZO).

[0016] In example embodiments, the second oxide semi-
conductor pattern may include at least one of zinc oxide
(Zn0O), gallium oxide (GaO), titanium oxide (TiO), indium
oxide (InO), indium-gallium oxide (IGO), indium-zinc
oxide (1ZO), gallium-zinc oxide (GZO), zinc-magnesium
oxide (ZMO), zinc-zirconium oxide (ZnZr0O), indium-gal-
lium-zinc oxide (IGZO), and indium-gallium-hafnium oxide
(IGHO).

[0017] According to some example embodiments, a
method of manufacturing an OLED display device is pro-
vided as follows.

[0018] A substrate having a display region including a
plurality of sub-pixel regions, the substrate having a periph-
eral region located at a side of the display region is provided.
A first preliminary oxide semiconductor layer is formed on
the substrate. A first oxide semiconductor pattern including
Sn is formed in the peripheral region on the substrate after
the first preliminary oxide semiconductor layer is patterned
using a first etchant. A second preliminary oxide semicon-
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ductor layer is formed on the substrate and the first oxide
semiconductor pattern. A second oxide semiconductor pat-
tern is formed in the sub-pixel regions each after the second
preliminary oxide semiconductor layer is patterned using a
second etchant. A sub-pixel structure is formed on the
second oxide semiconductor pattern.

[0019] In example embodiments, the second oxide semi-
conductor pattern might not include Sn.

[0020] In example embodiments, when the second pre-
liminary oxide semiconductor layer is formed on the first
oxide semiconductor pattern, the second preliminary oxide
semiconductor layer may be in direct contact with the first
oxide semiconductor pattern.

[0021] In example embodiments, when the second pre-
liminary oxide semiconductor layer is patterned using the
second etchant, the second etchant may be in direct contact
with the first oxide semiconductor pattern.

[0022] In example embodiments, the first etchant may be
different from the second etchant, and the first oxide semi-
conductor pattern might not be etched by the second etchant.
[0023] In example embodiments, the first etchant may
include a compound that includes fluorine (F).

[0024] In example embodiments, the second etchant may
comprise phosphoric acetic nitric acid.

[0025] In example embodiments, the method may further
include forming a third oxide semiconductor pattern, which
includes Sn, in each of the sub-pixel regions.

[0026] In example embodiments, the first oxide semicon-
ductor pattern, the second oxide semiconductor pattern, and
the third oxide semiconductor pattern may be located at a
same layer.

[0027] In example embodiments, the first oxide semicon-
ductor pattern and the third oxide semiconductor pattern
may be simultaneously formed using same materials.
[0028] As the OLED display device in accordance with
example embodiments includes the first oxide transistor
having a relatively high electron mobility, the gate driver
may include a relatively small number of transistors.
Accordingly, a dead space of the OLED display device may
be reduced. In addition, as the gate driver includes a rela-
tively small number of transistors, a manufacturing cost of
the OLED display device may be decreased. Further, as the
second oxide transistor includes the second oxide semicon-
ductor pattern except for Sn, the second oxide transistor may
have a relatively large driving range.

[0029] In a method of manufacturing the OLED display
device according to example embodiments, as oxide tran-
sistors having different characteristics to each other are
manufactured in a same layer by using the first etchant and
the second etchant without an add of a mask, a manufac-
turing cost of the OLED display device may be relatively
reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Example embodiments can be understood in more
detail from the following description taken in conjunction
with the accompanying drawings, in which:

[0031] FIG. 1 is a plan view illustrating an organic light
emitting diode (OLED) display device in accordance with
example embodiments;

[0032] FIG. 2 is a block diagram for describing an external
device electrically connected to the OLED display device of
FIG. 1;
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[0033] FIG. 3 is a circuit diagram illustrating a sub-pixel
circuit and an OLED disposed on the sub-pixel circuit which
are disposed in a sub-pixel region of FIG. 1;

[0034] FIG. 4 is a cross-sectional view taken along a line
I-I' of FIG. 1;
[0035] FIGS. 5,6.7, 8,9, 10, and 11 are cross-sectional

views illustrating a method of manufacturing an OLED
display device in accordance with example embodiments;
and

[0036] FIG. 12 is a plan view illustrating an OLED display
device in accordance with example embodiments.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0037] Hereinafter, embodiments of the present inventive
concept will be explained in detail with reference to the
accompanying drawings.

[0038] FIG. 1 is a plan view illustrating an organic light
emitting diode (OLED) display device in accordance with
example embodiments, and FIG. 2 is a block diagram for
describing an external device electrically connected to the
OLED display device of FIG. 1.

[0039] Referring to FIGS. 1 and 2, an organic light emit-
ting diode (OLED) display device 100 may have a display
region 10 and a peripheral region 20 surrounding the display
region 10. Here, the display region 10 may include a
plurality of sub-pixel regions 30. The sub-pixel regions 30
may be arranged in a matrix in the entire display region 10.
For example, the sub-pixel regions 30 may be repeatedly
arranged along a first direction D1 and a second direction
D2. Here, the first direction D1 may be parallel to an upper
surface of the OLED display device 100, and the second
direction D2 may be perpendicular to the first direction D1.
A gate driver 300 may be disposed at one side of the
peripheral region 20 (e.g., a left side of the display region
10), and a plurality of pad electrodes 470 may be disposed
at another side of the peripheral region 20 (e.g., a bottom
side of the display region 10). Alternatively, the gate driver
300 may be disposed at a right side or top side of the display
region 10. In some example embodiments, the OLED dis-
play device 100 may further include a data driver, a timing
controller, a light emission driver, etc, and these may be
disposed in the peripheral region 20.

[0040] A sub-pixel circuit (e.g., a sub-pixel circuit SUB-
PIXEL CIRCUIT of FIG. 3) may be disposed in each of the
sub-pixel regions 30 in the display region 10, and an OLED
may be disposed on the sub-pixel circuit. An image may be
displayed through the sub-pixel circuit and the OLED.
[0041] First, second, and third sub-pixel circuits may be
disposed in the sub-pixel regions 30. For example, the first
sub-pixel circuit may be coupled to (or connected to) a first
OLED capable of emitting a red color of light, and the
second sub-pixel circuit may be coupled to a second OLED
capable of emitting a green color of light. The third sub-pixel
circuit may be coupled to the third OLED capable of
emitting a blue color of light.

[0042] In example embodiments, the first OLED may be
disposed to overlap the first sub-pixel circuit, and the second
OLED may be disposed to overlap the second sub-pixel
circuit. The third OLED may be disposed to overlap the third
sub-pixel circuit. Alternatively, the first OLED may be
disposed to overlap a portion of the first sub-pixel circuit and
a portion of a sub-pixel circuit that is different from the first
sub-pixel circuit, and the second OLED may be disposed to
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overlap a portion of the second sub-pixel circuit and a
portion of a sub-pixel circuit that is different from the second
sub-pixel circuit. The third OLED may be disposed to
overlap a portion of the third sub-pixel circuit and a portion
of a sub-pixel circuit that is different from the third sub-pixel
circuit.

[0043] For example, the first, second, and third OLEDs
may be arranged using an RGB stripe method where tet-
ragons of a same size are sequentially arranged, an s-stripe
method including a blue OLED having a relatively large
area, a WRGB method further including a white OLED, a
pen-tile method repeatedly arranged in an RG-GB pattern,
etc.

[0044] In addition, at least one driving transistor, at least
one switching transistor, and at least one capacitor may be
disposed in the sub-pixel regions 30 each. In example
embodiments, one driving transistor (e.g., a first transistor
TR1 of FIG. 3), five switching transistors (e.g., second
through seventh transistor TR2, TR3, TR4, TRS, TR6, and
TR7), and one capacitor (e.g., a storage capacitor CST of
FIG. 3) may be disposed in each of the sub-pixel regions 30.
In example embodiments, a channel of the driving transistor
may consist essentially of an oxide semiconductor, and a
channel of the switching transistor may consist essentially of
an oxide semiconductor including tin (Sn). Alternatively, the
channel of the switching transistor may consist essentially of
the oxide semiconductor not including Sn.

[0045] In example embodiments, a shape of each of the
sub-pixel regions 30 has a plan shape of a tetragon, but the
present inventive concept is not limited thereto. For
example, a shape of each of the sub-pixel regions 30 may
have a plan shape of a triangle, a plan shape of a diamond,
a plan shape of a polygon, a plan shape of a circle, a plan
shape of an athletic track, a plan shape of an elliptic, and so
forth.

[0046] An external device 101 may be electrically con-
nected to the OLED display device 100 through a flexible
printed circuit board (“FPCB”). For example, a side of the
FPCB may be in direct contact with the pad electrodes 470,
and another side of the FPCB may be in direct contact with
the external device 101. The external device 101 may
provide a data signal, a gate signal, a light emission signal,
a gate initialization signal, an initialization voltage, a power
supply, etc to the OLED display device 100. In addition, a
driving integrated circuit may be mounted (e.g., installed) in
the FPCB. In some example embodiments, the driving
integrated circuit may be mounted in the OLED display
device 100 that is located adjacent to the pad electrodes 470.
Alternatively, when the OLED display device 100 includes
a bending region, the pad electrodes 470 and the external
device 101 may be electrically connected through a printed
circuit board (“PCB”).

[0047] The gate driver 300 may receive the gate signal and
the gate initialization signal from the external device 101,
and may provide the gate signal and the gate initialization
signal to the sub-pixel circuits. In example embodiments, the
gate driver 300 may include a plurality of transistors (e.g.,
a first oxide transistor 650 of FIG. 4), and a channel of the
transistors each may consist essentially of an oxide semi-
conductor including Sn. When the gate driver 300 includes
the transistors including the oxide semiconductor that
includes Sn, the gate driver 300 may include a transistor
having a relatively high electron mobility. In this case, the
gate driver 300 may include a relatively small number of
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transistors, and the OLED display device 100 may include
the peripheral region 20 having a relatively reduced area.
That is, a dead space of the OLED display device 100 may
be decreased.

[0048] FIG. 3 is a circuit diagram illustrating a sub-pixel
circuit and an OLED disposed on the sub-pixel circuit which
are disposed in a sub-pixel region of FIG. 1.

[0049] Referring to FIG. 3, a sub-pixel circuit SUB-
PIXEL CIRCUIT (“SPC”) and an OLED (e.g., correspond-
ing to a sub-pixel structure 200 of FIG. 4) may be disposed
in each of the sub-pixel regions 30 in the OLED display
device 100, and the OLED may be disposed on the sub-pixel
circuit SPC. One sub-pixel circuit SPC may include first,
second, third, fourth, fifth, sixth, and seventh transistors
TR1, TR2, TR3, TR4, TRS, TR6, and TR7, a storage
capacitor CST, a high power supply ELVDD wiring, a low
power supply ELVSS wiring, an initialization voltage VINT
wiring, a data signal DATA wiring, a gate signal GW wiring,
a gate initialization signal GI wiring, a light emission signal
EM wiring, a diode initialization signal GB wiring, etc.
[0050] The OLED 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 ter-
minal of the OLED receives a low power supply ELVSS. For
example, the first terminal of the OLED is an anode termi-
nal, and the second terminal of the OLED is a cathode
terminal.

[0051] Alternatively, 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 terminal of the OLED may correspond to a lower
electrode 290 of FIG. 4, and the cathode terminal of the
OLED may correspond to an upper electrode 340 of FIG. 4.
[0052] The first transistor TR1 (e.g., a second oxide tran-
sistor 250 of FIG. 4) may include a gate terminal, a first
terminal, and a second terminal. In example embodiments,
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.
For example, a channel of the first transistor TR1 (e.g., a
second oxide semiconductor pattern 130 of FIG. 4) may
consist essentially of an oxide semiconductor that does not
include Sn.

[0053] The driving cutrent 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 of the gate terminal and the
source terminal, and a gradation may be implemented based
on the amount of the driving current ID generated by the first
transistor TR1. Alternatively, the first transistor TR1 oper-
ates in a linear region. In this case, a gradation may be
implemented based on the amount of time during which the
first transistor TR1 provides the driving current ID to the
OLED within one frame.

[0054] The second transistor TR2 may include a gate
terminal, a first terminal, and a second terminal. A gate
signal GW may be applied to the gate terminal of the second
transistor TR2. The first terminal of the second transistor
TR2 may receive a data signal DATA. The second terminal
of the second transistor TR2 may be connected to the first
terminal of the first transistor TR1. For example, the gate
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signal GW may be generated from the gate driver 300 of
FIG. 1, and may be applied to the gate terminal of the second
transistor TR2 through the gate signal GW wiring. In
example embodiments, 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. In addition,
a channel of the second transistor TR2 may consist essen-
tially of an oxide semiconductor including Sn. 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.

[0055] The second transistor TR2 may provide the data
signal DATA to the first terminal of the first transistor TR1
while the gate signal GW is activated. In this case, the
second transistor TR2 operates in a linear region.

[0056] The third transistor TR3 may include a gate termi-
nal, a first terminal, and a second terminal. The gate terminal
of the third transistor TR3 may receive a gate signal GW.
The first terminal of the third transistor TR3 may be con-
nected to the gate terminal of the first transistor TR1. The
second terminal of the third transistor TR3 may be con-
nected to the second terminal of the first transistor TR1. For
example, the gate signal GW may be generated from the gate
driver 300 of FIG. 1, and the gate signal GW may be applied
to the gate terminal of the third transistor TR3 through the
gate signal GW wiring. 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. In addition, a channel of the third transistor TR3
may consist essentially of an oxide semiconductor including
Sn. 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.

[0057] 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 gate signal GW is activated.
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 gate signal
GW is activated. A voltage difference, which corresponds 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
voltage of the data signal DATA provided to the first
terminal of the first transistor TR1 and the voltage difference
(i.e, the threshold voltage) may be applied to the gate
terminal of the first transistor TR1 while the gate signal GW
is activated. Thus, the data signal DATA may be compen-
sated 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. A uniformity of
the driving current ID may be improved because of reducing
an affect by the threshold voltage of the first transistor TR1.
[0058] An input terminal of the initialization voltage
VINT wiring providing an initialization voltage VINT is
connected to a first terminal of the fourth transistor TR4 and
a first terminal of the seventh transistor TR7, and an output
terminal of the initialization voltage VINT wiring is con-
nected to a second terminal of the fourth transistor TR4 and
a first terminal of the storage capacitor CST.

[0059] The fourth transistor TR4 may include a gate
terminal, a first terminal, and a second terminal. The gate
terminal of the fourth transistor TR4 may receive a gate
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initialization signal GI. For example, the gate initialization
signal GI may be generated from the gate driver 300 of FIG.
1, and the gate initialization signal GI may be applied to the
gate terminal of the fourth transistor TR4 through the gate
initialization signal GI wiring. 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. In addition, a channel of the fourth transistor TR4
may consist essentially of an oxide semiconductor including
Sn. Alternatively, the first terminal of the fourth transistor
TR4 may be a drain terminal, and the second terminal of the
fourth transistor TR4 may be a source terminal.

[0060] The fourth transistor TR4 may apply the initializa-
tion voltage VINT to the gate terminal of the first transistor
TR1 while the gate initialization signal GI is activated. In
this case, the fourth transistor TR4 may operate in the linear
region. Thus, the fourth transistor TR4 may initialize the
gate terminal of the first transistor TR1 as the initialization
voltage VINT while the gate 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 maintained by the
storage capacitor CST in a previous frame. The initialization
voltage VINT may be applied to the gate terminal of the first
transistor TR1 that is a P-channel metal oxide semiconduc-
tor (“PMOS”) type transistor. In some example embodi-
ments, a voltage level of the initialization voltage VINT is
sufficiently higher than the voltage level of the data signal
DATA maintained by the storage capacitor CST in a previ-
ous frame. The initialization voltage VINT may be applied
to the gate terminal of the first transistor TR1 that is an
N-channel metal oxide semiconductor (“NMOS”) type tran-
sistor.

[0061] In example embodiments, the gate initialization
signal GI is identical to the gate signal GW advanced by one
horizontal time period. For example, the gate initialization
signal GI that is applied to sub-pixel circuit located in a (n)th
row among a plurality of sub-pixel circuits SPC included in
the OLED display device 100 (where n is an integer of 2 or
more) may be substantially a same as the gate signal GW
that is applied to sub-pixel circuit located in a (n—1)th row
among a plurality of the sub-pixel circuits SPC. That is, the
gate initialization signal GI that is activated may be applied
to the sub-pixel circuit located in the (n)th row among the
sub-pixel circuits SPC by applying the gate signal GW that
is activated to the sub-pixel circuit located in the (n—1)th row
among the sub-pixel circuits SPC. As a result, the gate
terminal of the first transistor TR1 included in the sub-pixel
circuit located in the (n)th row among the sub-pixel circuits
SPC may be initialized as the initialization voltage VINT
when the data signal DATA is applied to sub-pixel circuit
located in the (n-1)th row among the sub-pixel circuits SPC.

[0062] The fifth transistor TRS may include a gate termi-
nal, a first terminal, and a second terminal. A light emission
signal EM may be applied to the gate terminal of the fifth
transistor TR5. A high power supply 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 embodi-
ments, the first terminal of the fifth transistor TR5 is a source
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terminal, and the second terminal of the fifth transistor TRS
i a drain terminal. In addition, a channel of the fifth
transistor TR5 may consist essentially of an oxide semicon-
ductor including Sn. In some example embodiments, the first
terminal of the fifth transistor TR5 may be a drain terminal,
and the second terminal of the fifth transistor TRS may be a
source terminal.

[0063] The fifth transistor TR5 may apply the high power
supply ELVDD to the first terminal of the first transistor TR1
while the light emission signal EM is activated. On the other
hand, the fifth transistor TRS does not apply the high power
supply ELVDD while the light emission signal EM is not
activated. In this case, the fifth transistor TRS may operate
in the linear region. The fifth transistor TRS may apply the
high power supply ELVDD to the first terminal of the first
transistor TR1 while the light emission signal EM is acti-
vated, such that the first transistor TR1 generates the driving
current ID. In addition, the fifth transistor TR5 does not
apply the high power supply ELVDD while the light emis-
sion signal EM is not activated, such that the data signal
DATA applied to the first terminal of the first transistor TR1
is applied to the gate terminal of the first transistor TR1.
[0064] The sixth transistor TR6 (e.g., a third oxide tran-
sistor 255 of FIG. 4) 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. In addition, a
channel of the sixth transistor TR6 (e.g., a third oxide
semiconductor pattern 135 of FIG. 4) may consist essen-
tially of an oxide semiconductor including Sn. In some
example embodiments, the first terminal of the sixth tran-
sistor TR6 may be a drain terminal, and the second terminal
of the sixth transistor TR6 may be a source terminal.
[0065] 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 the 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
electrically disconnect the first transistor TR1 from the
OLED while the light emission signal EM is not activated,
such that the compensated data signal DATA applied to the
second terminal of the first transistor TR1 is applied to the
gate terminal of the first transistor TR1.

[0066] The seventh transistor TR7 may include a gate
terminal, a first terminal, and a second terminal. A 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. In addition,
a channel of the seventh transistor TR7 may consist essen-
tially of an oxide semiconductor including Sn. In some
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example embodiments, 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.

[0067] 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 the linear region.
That is, the seventh transistor TR7 may initialize the first
terminal of the OLED as the initialization voltage VINT
while the diode initialization signal GB is activated.
[0068] Alternatively, the gate initialization signal GI and
the diode initialization signal GB are a substantially same
signal. An initialization operation of the gate terminal of the
first transistor TR1 might not affect an initialization opera-
tion of the first terminal of the OLED. That is, the initial-
ization operation of the gate terminal of the first transistor
TR1 and the initialization operation of the first terminal of
the OLED may be independent to each other. Therefore, the
gate initialization signal GI is used as the diode initialization
signal GB, thereby improving the manufacturing efficiency.
[0069] The storage capacitor CST may include the first
terminal and the second terminal, and may be connected
between the high power supply 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 ELVDD wiring. The storage capaci-
tor CST may maintain a voltage level of the gate terminal of
the first transistor TR1 while the gate signal GW is not
activated. The light emission signal EM may be activated
while the gate signal GW is not activated (e.g., a section
where the gate signal GW is not activated may include a
section where the light emission signal EM is activated). 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.

[0070] FIG. 4 is a cross-sectional view taken along a line
I-I' of FIG. 1.
[0071] Referring to FIG. 4, an OLED display device 100

may include a substrate 110, a buffer layer 115, a first oxide
transistor 650, a second oxide transistor 250, a third oxide
transistor 255, a gate insulation layer 150, an insulating
interlayer 190, a planarization layer 270, a sub-pixel struc-
ture 200, a pixel defining layer 310, a seal member 390, an
encapsulation substrate 450, etc. The first oxide transistor
650 may include a first oxide semiconductor pattern 530, a
first gate electrode 570, a first source electrode 610, and a
first drain electrode 630, and the second oxide transistor 250
may include a second oxide semiconductor pattern 130, a
second gate electrode 170, a second source electrode 210,
and a second drain electrode 230. In addition, the third oxide
transistor 255 may include a third oxide semiconductor
pattern 135, a third gate electrode 175, a third source
electrode 215, and a third drain electrode 235. Further, the
sub-pixel structure 200 may include a lower electrode 290,
alight emitting layer 330, and an upper electrode 340. As the
OLED display device 100 has the display region 10 and the
peripheral region 20, the substrate 110 may be divided into
the display region 10 and the peripheral region 20.
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[0072] The substrate 110 including transparent or opaque
insulation materials may be provided. The substrate 110 may
include a quartz substrate, a synthetic quartz substrate, a
calcium fluoride substrate, a fluoride-doped quartz substrate,
a soda-lime glass substrate, a non-alkali glass substrate, a
combination thereof, and so forth.

[0073] Alternatively, the substrate 110 may include a
flexible transparent material such as a flexible transparent
resin substrate (e.g., a polyimide substrate). In this case, the
polyimide substrate may include a first polyimide layer, a
barrier film layer, a second polyimide layer, and so forth. For
example, the substrate 110 may have a structure in which the
first polyimide layer, the barrier film layer, and the second
polyimide layer are sequentially stacked on a rigid glass
substrate. In other words, since the polyimide substrate is
relatively thin and flexible, the polyimide substrate may be
formed on a rigid glass substrate to help support the forma-
tion of the upper structure. In a method of manufacturing the
OLED display device 100, after an insulation layer (e.g., the
buffer layer 115) is provided on the second polyimide layer
of the polyimide substrate, an upper structure (e.g., the first
oxide transistor 650, the second oxide transistor 250, the
third oxide transistor 255, the sub-pixel structure 200, etc)
may be formed on the insulation layer. After the upper
structure is formed on the insulation layer, the rigid glass
substrate on which the polyimide substrate is formed may be
removed. That is, it may be difficult to directly form the
upper structure on the polyimide substrate because the
polyimide substrate is relatively thin and flexible. Accord-
ingly, the upper structure is formed on the polyimide sub-
strate and the rigid glass substrate, and then the polyimide
substrate may serve as the substrate 110 after the removal of
the rigid glass substrate.

[0074] The buffer layer 115 may be disposed on the entire
substrate 110. The buffer layer 115 may prevent the diffusion
of metal atoms and/or impurities from the substrate 110 into
the first oxide transistor 650, the second oxide transistor 250,
the third oxide transistor 255, and the sub-pixel structure
200. In addition, the buffer layer 115 may improve a surface
flatness of the substrate 110 when a surface of the substrate
110 is relatively irregular. According to example embodi-
ments, in the substrate 110, at least two buffer layers 115
may be provided on the substrate 110, or the buffer layer 115
may not be disposed. For example, the buffer layer 115 may
include organic materials or inorganic materials.

[0075] The first oxide semiconductor pattern 530 may be
disposed in the peripheral region 20 on the buffer layer 115.
The first oxide semiconductor pattern 530 may include an
oxide semiconductor that includes tin (Sn). In other words,
the first oxide semiconductor pattern 530 may include an
oxide semiconductor layer including at least one of two-
component compound (AB,), ternary compound (AB,C)),
four-component compound (AB,C,D,), and so forth. These
compounds contain Sn together with indium (In), zinc (Zn),
gallium (Ga), titanium (Ti), aluminum (Al), hafhium (Hf),
zirconium (Zr), magnesium (Mg), and so forth. For example,
the first oxide semiconductor pattern 530 may include at
least one of tin oxide (SnO), indium-tin oxide (ITO), zinc-tin
oxide (ZTO), indium-zinc-tin oxide (IZTO). tin-aluminum-
zinc oxide (TAZO), indium-gallium-tin oxide (IGTO),
indium-tin-gallium-zinc oxide (ITGZO), and so forth. In
example embodiments, the first oxide semiconductor pattern
530 may consist essentially of ITGZO.
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[0076] The second oxide semiconductor pattern 130 may
be disposed in the display region 10 (or a sub-pixel region
30) on the buffer layer 115. The second oxide semiconductor
pattern 130 may include an oxide semiconductor not includ-
ing Sn. In other words, the second oxide semiconductor
pattern 130 may include an oxide semiconductor layer
including at least one of AB,, AB,C,, AB,C D, , and so forth.
These compounds contain at least one of In, Zn, Ga, Ti, Al,
Hf, 7Zr, Mg, and so forth. For example, the second oxide
semiconductor pattern 130 may include at least one of zinc
oxide (ZnO), gallium oxide (GaQ), titanium oxide (TiO),
indium oxide (InO), indium-gallium oxide (IGO), indium-
zinc oxide (IZ0), gallium-zinc oxide (GZ0), zinc-magne-
sium oxide (ZMO), zinc-zirconium oxide (ZnZrO), indium-
gallium-zinc oxide (IGZ0), indium-gallium-hafnium oxide
(IGHO), and so forth. In example embodiments, the second
oxide semiconductor pattern 130 may consist essentially of
1GZ0.

[0077] The third oxide semiconductor pattern 135 may be
disposed in the display region 10 on the buffer layer 115. The
third oxide semiconductor pattern 135 may be spaced apart
from the second oxide semiconductor pattern 130 in the
second direction D2. The third oxide semiconductor pattern
135 may include an oxide semiconductor that includes Sn.
In other words, the third oxide semiconductor pattern 135
may include an oxide semiconductor layer including at least
one of AB,, AB,C,, AB.CD,, and so forth. These com-
pounds contain Sn together with In, Zn, Ga, Ti, Al, Hf, Zr,
Mg, and so forth. For example, the third oxide semiconduc-
tor pattern 135 may include SnQ, ITO, ZTO, IZTO, TAZO,
1GTO, ITGZO, and so forth. In example embodiments, the
third oxide semiconductor pattern 135 may consist essen-
tially of ITGZO.

[0078] For example, in a method of manufacturing the
OLED display device 100, the first oxide semiconductor
pattern 530 and the third oxide semiconductor pattern 135
may include same materials, and may be simultaneously
formed. Meanwhile, after the first oxide semiconductor
pattern 530 and the third oxide semiconductor pattern 135
are formed, the second oxide semiconductor pattern 130
may be formed. Although the second oxide semiconductor
pattern 130 is formed later than the first oxide semiconduc-
tor pattern 530 and the third oxide semiconductor pattern
135, the first oxide semiconductor pattern 530, the second
oxide semiconductor pattern 130, and the third oxide semi-
conductor pattern 135 may be disposed on the buffer layer
115. That is, the first oxide semiconductor pattern 530, the
second oxide semiconductor pattern 130, and the third oxide
semiconductor pattern 135 may be located at a same layer.

[0079] The gate insulation layer 150 may be disposed on
the buffer layer 115, the first oxide semiconductor pattern
530, the second oxide semiconductor pattern 130, and the
third oxide semiconductor pattern 135. The gate insulation
layer 150 may cover the first oxide semiconductor pattern
530 in the peripheral region 20 on the buffer layer 115, and
may extend in the second direction D2 on the buffer layer
115. In addition, the gate insulation layer 150 may cover the
second and third oxide semiconductor patterns 130 and 135
in the display region 10 on the buffer layer 115, and may
extend in the second direction D2 on the buffer layer 115.
That is, the gate insulation layer 150 may be disposed on the
entire buffer layer 115. For example, the gate insulation layer
150 may sufficiently cover the first, second and third oxide
semiconductor patterns 530, 130 and 135 on the buffer layer
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115, and may have a substantially flat upper surface without
a step around the first, second and third oxide semiconductor
patterns 530, 130 and 135. Alternatively, the gate insulation
layer 150 may cover the first, second and third oxide
semiconductor patterns 530, 130 and 135 on the buffer layer
115, and may be disposed as a substantially uniform thick-
ness along a profile of the first, second and third oxide
semiconductor patterns 530, 130 and 135. The gate insula-
tion layer 150 may include silicon compound, metal oxide,
and so forth. For example, the gate insulation layer 150 may
include silicon oxide (Si0O,), silicon nitride (SiN ), silicon
oxynitride (SiO,N,), silicon oxycarbide (SiO,C,), silicon
carbon nitride (SiC,N, ), aluminum oxide (AlO,), aluminum
nitride (AIN,), tantalum oxide (TaO,), hafnium oxide
(HfO,), zirconium oxide (ZrQ,), titanium oxide (TiO,), and
so forth.

[0080] The first gate electrode 570 may be disposed in the
peripheral region 20 on the gate insulation layer 150. The
first gate electrode 570 may be disposed on a portion of the
gate insulation layer 150 under which the first oxide semi-
conductor pattern 530 is located. The first gate electrode 570
may include a metal, a metal alloy, metal nitride, conductive
metal oxide, transparent conductive materials, and so forth.
For example, the first gate electrode 570 may include gold
(Au), silver (Ag), aluminum (Al), tungsten (W), copper
(Cu), platinum (Pt), nickel (Ni), titanium (Ti), palladium
(Pd), magnesium (Mg), calcium (Ca), lithium (Li), chro-
mium (Cr), tantalum (Ta), molybdenum (Mo), scandium
(Sc), neodymium (Nd), iridium (Ir), an alloy of aluminum,
aluminum nitride (AIN,), an alloy of silver, tungsten nitride
(WN,), an alloy of copper, an alloy of molybdenum, tita-
nium nitride (TiN,), chromium nitride (CrN,), tantalum
nitride (TaN, ), strontium ruthenium oxide (SRO), zinc oxide
(Zn0,), indium tin oxide (ITO), stannum oxide (SnO),
indium oxide (InO,), gallium oxide (GaO,), indium zinc
oxide (IZO), and so forth. These may be used alone or in a
suitable combination thereof. Alternatively, the first gate
electrode 570 may have a multi-layered structure including
a plurality of layers.

[0081] The second gate electrode 170 may be disposed in
the display region 10 on the gate insulation layer 150. The
second gate electrode 170 may be disposed on a portion of
the gate insulation layer 150 under which the second oxide
semiconductor pattern 130 is located. The second gate
electrode 170 may include a metal, a metal alloy, metal
nitride, conductive metal oxide, transparent conductive
materials, etc. These may be used alone or in a suitable
combination thereof. Alternatively, the second gate elec-
trode 170 may have a multi-layered structure including a
plurality of layers.

[0082] The third gate electrode 175 may be disposed in the
display region 10 on the gate insulation layer 150, may be
spaced apart from the second gate electrode 170 in the
second direction D2. The third gate electrode 175 may be
disposed on a portion of the gate insulation layer 150 under
which the third oxide semiconductor pattern 135 is located.
The third gate electrode 175 may include a metal, a metal
alloy, metal nitride, conductive metal oxide, transparent
conductive materials, and so forth. These may be used alone
or in a suitable combination thereof. Alternatively, the third
gate electrode 175 may have a multi-layered structure
including a plurality of layers.

[0083] For example, in a method of manufacturing the
OLED display device 100, the first gate electrode 570, the
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second gate electrode 170, and the third gate electrode 175
may be simultaneously formed on the gate insulation layer
150 by using same materials. In other words, the first gate
electrode 570, the second gate electrode 170, and the third
gate electrode 175 may be located at a same layer.

[0084] The insulating interlayer 190 may be disposed on
the gate insulation layer 150, the first gate electrode 570, the
second gate electrode 170, and the third gate electrode 175.
The insulating interlayer 190 may cover the first gate
electrode 570 in the peripheral region 20 on the gate
insulation layer 150, and may extend in the second direction
D2 on the gate insulation layer 150. In addition, the insu-
lating interlayer 190 may cover the second and third gate
electrodes 170 and 175 in the display region 10 on the gate
insulation layer 150, and may extend in the second direction
D2 on the gate insulation layer 150. That is, the insulating
interlayer 190 may be disposed on the entire gate insulation
layer 150. For example, the insulating interlayer 190 may
sufficiently cover the first, second, and third gate electrodes
570, 170, and 175 on the gate insulation layer 150, and may
have a substantially flat upper surface without a step around
the first, second, and third gate electrodes 570, 170, and 175.
Alternatively, the insulating interlayer 190 may cover the
first, second, and third gate electrodes 570, 170, and 175 on
the gate insulation layer 150, and may be disposed as a
substantially uniform thickness along a profile of the first,
second, and third gate electrodes 570, 170, and 175. The
insulating interlayer 190 may include silicon compound,
metal oxide, and so forth.

[0085] The first source electrode 610 and the first drain
electrode 630 may be disposed in the peripheral region 20 on
the insulating interlayer 190. The first source electrode 610
may be in contact with a source region of the first oxide
semiconductor pattern 530 via a first contact hole formed by
removing a first portion of the gate insulation layer 150 and
the insulating interlayer 190, and the first drain electrode 630
may be in contact with a drain region of the first oxide
semiconductor pattern 530 via a second contact hole formed
by removing a second portion of the gate insulation layer
150 and the insulating interlayer 190. Each of the first source
electrode 610 and the first drain electrode 630 may include
a metal, an alloy, metal nitride, conductive metal oxide,
transparent conductive materials, and so forth. These may be
used alone or in a suitable combination thereof. Alterna-
tively, each of the first source and first drain electrodes 610
and 630 may have a multi-layered structure including a
plurality of layers. Accordingly, the first oxide transistor 650
including the first oxide semiconductor pattern 530, the first
gate electrode 570, the first source electrode 610, and the
first drain electrode 630 may be disposed. Here, the first
oxide transistor 650 may serve as a transistor of the gate
driver 300 including the first oxide semiconductor pattern
530 that includes Sn. The transistor may have a relatively
high electron mobility. In addition, the first oxide transistor
650 may serve as a transistor having a top gate structure. In
some example embodiments, the first oxide transistor 650
may overlap the seal member 390.

[0086] Inexample embodiments, the gate driver 300 of the
OLED display device 100 includes one transistor (e.g., the
first oxide transistor 650), but is not limited thereto. For
example, the gate driver 300 may have a configuration
including at least two transistors and at least one capacitor.
[0087] In addition, the first oxide transistor 650 of the gate
driver 300 has a top gate structure, but not being limited
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thereto. For example, the first oxide transistor 650 may have
a bottom gate structure or a double gate structure.

[0088] Further, a configuration of the first oxide transistor
650 includes the first oxide semiconductor pattern 530, the
first gate electrode 570, the first source electrode 610, and
the first drain electrode 630, but not being limited thereto.
For example, the first oxide transistor 650 may have a
configuration including the first oxide semiconductor pattern
530, the gate insulation layer 150, the first gate electrode
570, the insulating interlayer 190, the first source electrode
610, and the first drain electrode 630.

[0089] The second source electrode 210 and the second
drain electrode 230 may be disposed in the display region 10
on the insulating interlayer 190. The second source electrode
210 may be in contact with a source region of the second
oxide semiconductor pattern 130 via a third contact hole
formed by removing a third portion of the gate insulation
layer 150 and the insulating interlayer 190, and the second
drain electrode 230 may be in contact with a drain region of
the second oxide semiconductor pattern 130 via a fourth
contact hole formed by removing a fourth portion of the gate
insulation layer 150 and the insulating interlayer 190. Each
of the second source electrode 210 and the second drain
electrode 230 may include a metal, an alloy, metal nitride,
conductive metal oxide, transparent conductive materials,
and so forth. These may be used alone or in a suitable
combination thereof. Alternatively, each of the second
source and second drain electrodes 210 and 230 may have a
multi-layered structure including a plurality of layers.
Accordingly, the second oxide transistor 250 including the
second oxide semiconductor pattern 130, the second gate
electrode 170, the second source electrode 210, and the
second drain electrode 230 may be disposed. Here, the
second oxide transistor 250 may serve as a driving transistor
of the sub-pixel circuit SPC including the second oxide
semiconductor pattern 130 not including Sn. The transistor
may have a relatively large driving range. In addition, the
second oxide transistor 250 may serve as a transistor having
a top gate structure.

[0090] In example embodiments, the second oxide tran-
sistor 250 has a top gate structure, but not being limited
thereto. For example, the second oxide transistor 250 may
have a bottom gate structure or a double gate structure.
[0091] In addition, a configuration of the second oxide
transistor 250 includes the second oxide semiconductor
pattern 130, the second gate electrode 170, the second
source electrode 210, and the second drain electrode 230,
but is not limited thereto. For example, the second oxide
transistor 250 may have a configuration including the second
oxide semiconductor pattern 130, the gate insulation layer
150, the second gate electrode 170, the insulating interlayer
190, the second source electrode 210, and the second drain
electrode 230.

[0092] The third source electrode 215 and the third drain
electrode 235 may be disposed in the display region 10 on
the insulating interlayer 190. The third source electrode 215
may be in contact with a source region of the third oxide
semiconductor pattern 135 via a fifth contact hole formed by
removing a fifth portion of the gate insulation layer 150 and
the insulating interlayer 190, and the third drain electrode
235 may be in contact with a drain region of the third oxide
semiconductor pattern 135 via a sixth contact hole formed
by removing a sixth portion of the gate insulation layer 150
and the insulating interlayer 190. Each of the third source
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electrode 215 and the third drain electrode 235 may include
a metal, an alloy, metal nitride, conductive metal oxide,
transparent conductive materials, and so forth. These may be
used alone or in a suitable combination thereof. Alterna-
tively, each of the third source and third drain electrodes 215
and 235 may have a multi-layered structure including a
plurality of layers. Accordingly, the third oxide transistor
255 including the third oxide semiconductor pattern 135, the
third gate electrode 175, the third source electrode 215, and
the third drain electrode 235 may be disposed. Here, the
third oxide transistor 255 may serve as a switching transistor
of the sub-pixel circuit SPC including the third oxide
semiconductor pattern 135 that includes Sn. The transistor
may have a relatively high electron mobility. In addition, the
third oxide transistor 255 may serve as a transistor having a
top gate structure.

[0093] In example embodiments, the OLED display
device 100 has a configuration including two transistors
(e.g., the second oxide transistor 250 and the third oxide
transistor 255), but not being limited thereto. For example,
the OLED display device 100 may have a configuration
including at least three transistors and at least one capacitor.
[0094] In addition, the third oxide transistor 255 has a top
gate structure, but is not limited thereto. For example, the
third oxide transistor 255 may have a bottom gate structure
or a double gate structure.

[0095] Further, a configuration of the third oxide transistor
255 includes the third oxide semiconductor pattern 135, the
third gate electrode 175, the third source electrode 215, and
the third drain electrode 235, but is not limited thereto. For
example, the third oxide transistor 255 may have a configu-
ration including the third oxide semiconductor pattern 135,
the gate insulation layer 150, the third gate electrode 175, the
insulating interlayer 190, the third source electrode 215, and
the third drain electrode 235.

[0096] The planarization layer 270 may be disposed on the
insulating interlayer 190, the first source and first drain
electrodes 610 and 630, the second source and second drain
electrodes 210 and 230, and the third source and third drain
electrodes 215 and 235. For example, the planarization layer
270 may be disposed with a high thickness to sufficiently
cover the first source and first drain electrodes 610 and 630,
the second source and second drain electrodes 210 and 230,
and the third source and third drain electrodes 215 and 235
on the insulating interlayer 190. In this case, the planariza-
tion 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. A portion of an upper surface
of the third drain electrode 235 may be exposed via a contact
hole formed by removing a portion of the planarization layer
270. The planarization layer 270 may include organic mate-
rials or inorganic materials. In example embodiments, the
planarization layer 270 may include organic materials such
as polyimide, epoxy-based resin, acryl-based resin, polyes-
ter, photoresist, polyacryl-based resin, polyimide-based
resin, a polyamide-based resin, a siloxane-based resin, and
so forth.

[0097] The lower electrode 290 may be disposed in the
display region 10 on the planarization layer 270. The lower
electrode 290 may be in direct contact with the third drain
electrode 235 via the contact hole of the planarization layer
270, and may be electrically connected to the third oxide
transistor 255. The lower electrode 290 may include a metal,
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a metal alloy, metal nitride, conductive metal oxide, trans-
parent conductive materials, and so forth. These may be used
alone or in a suitable combination thereof. Alternatively, the
lower electrode 290 may have a multi-layered structure
including a plurality of layers.

[0098] The pixel defining layer 310 may be disposed on a
portion of the lower electrode 290 and the planarization
layer 270. The pixel defining layer 310 may cover both
lateral portions of the lower electrode 290, and may expose
a portion of an upper surface of the lower electrode 290. The
pixel defining layer 310 may include organic materials or
inorganic materials. In example embodiments, the pixel
defining layer 310 may include organic materials.

[0099] The light emitting layer 330 may be disposed on
the lower electrode 290 exposed by the pixel defining layer
310. The light emitting layer 330 may be formed using at
least one of light emitting materials capable of generating
different colors oflight (e.g., a red color of light, a blue color
of light, and a green color of light, among other colors)
according to first, second, and third OLEDs. Alternatively,
the light emitting layer 330 may 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, a blue color of light, etc.
In this case, a color filter may be disposed on the light
emitting layer 330 (e.g., to overlap the light emitting layer
330 in lower or upper surfaces 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 photosensitive resin, color photoresist,
etc.

[0100] The upper electrode 340 may be disposed on the
pixel defining layer 310 and the light emitting layer 330. The
upper electrode 340 may cover the light emitting layer 330
and the pixel defining layer 310, and may be entirely
disposed on the light emitting layer 330 and the pixel
defining layer 310. In some example embodiments, the
upper electrode 340 may be disposed in the peripheral
region 20. The upper electrode 340 may include a metal, a
metal alloy, metal nitride, conductive metal oxide, transpar-
ent conductive materials, and so forth. These may be used
alone or in a suitable combination thereof. Alternatively, the
upper electrode 340 may have a multi-layered structure
including a plurality of layers. Accordingly, the sub-pixel
structure 200 including the lower electrode 290, the light
emitting layer 330, and the upper electrode 340 may be
disposed.

[0101] The seal member 390 may be disposed in an
outmost portion of the peripheral region 20 on the substrate
110. In other words, the seal member 390 may be disposed
in the outmost portion of the peripheral region 20 between
the substrate 110 and the encapsulation substrate 450. An
upper surface of the seal member 390 may be in direct
contact with a lower surface of the encapsulation substrate
450, and a lower surface of the seal member 390 may be in
direct contact with an upper surface of the insulating inter-
layer 190. Alternatively, the buffer layer 115, the gate
insulation layer 150, and the insulating interlayer 190 on
which the seal member 390 is located might not be disposed,
and the lower surface of the seal member 390 may be in
direct contact with an upper surface of the substrate 110. The
seal member 390 may include frit, etc. In addition, the seal
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member 390 may additionally include a photo curable
material. For example, the seal member 390 may include a
compound such as the organic material and the photo
curable material. In addition, after at least one of ultraviolet
ray, laser beam, visible ray, etc. are irradiated in the com-
pound, the compound may be cured, and thus the seal
member 390 may be obtained. The photo curable material
included in the seal member 390 may include epoxy acry-
late-based resin, polyester acrylate-based resin, urethane
acrylate based-resin, polybutadiene acrylate-based resin,
silicon acrylate-based resin, alkyl acrylate-based resin, and
so forth.

[0102] For example, a laser may be irradiated in the
compound such as the organic material and the photo
curable material. According to an irradiation of the light of
the laser, a state of the compound (e.g., the seal member 390)
may be changed from a solid state to a liquid state. In
addition, the compound of the liquid state may be cured to
the solid state after a predetermined time. In accordance with
the state change of the compound, the compound may seal
the substrate 110 and the encapsulation substrate 450.

[0103] Inexample embodiments, the seal member 390 has
a trapezoidal shape where a width of an upper surface is less
than a width of a lower surface, but is not limited thereto. For
example, the seal member 390 may have a trapezoidal shape
where a width of an upper surface is greater than a width of
a lower surface, a tetragonal shape, a quadrate shape, etc.

[0104] The encapsulation substrate 450 may be disposed
on the seal member 390 and the upper electrode 340. The
encapsulation substrate 450 and the substrate 110 may
include substantially same materials. For example, the
encapsulation substrate 450 may include a quartz substrate,
a synthetic quartz substrate, a calcium fluoride substrate, a
fluoride-doped quartz substrate, a soda-lime glass substrate,
a non-alkali glass substrate etc. In some example embodi-
ments, the encapsulation substrate 450 may include a trans-
parent inorganic material or flexible plastic. For example,
the encapsulation substrate 450 may include a flexible
transparent resin substrate. In this case, to increase flexibility
of the OLED display device 100, the encapsulation substrate
450 may have a stacked structure where at least one inor-
ganic layer and at least one organic layer are alternately
stacked. The stack 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 flexibil-
ity may be disposed on the organic layer. That is, the stack
structure may correspond to a thin film encapsulation struc-
ture that is in direct contact with the upper electrode 340.

[0105] As the OLED display device 100 in accordance
with example embodiments includes the first oxide transistor
650 having a relatively high electron mobility, the gate
driver 300 may include a relatively small number of tran-
sistors. Accordingly, a dead space of the OLED display
device 100 may be reduced. In addition, as the gate driver
300 includes a relatively small number of transistors, a
manufacturing cost of the OLED display device 100 may be
decreased. Further, as the second oxide transistor 250
includes the second oxide semiconductor pattern 130 not
including Sn, the second oxide transistor 250 may have a
relatively large driving range.



US 2020/0052056 A1

[0106] FIGS. 5 through 11 are cross-sectional views illus-
trating a method of manufacturing an OLED display device
in accordance with example embodiments.

[0107] Referring to FIG. 5, a substrate 110 including
transparent or opaque insulation materials may be provided.
The substrate 110 may be formed using at least one of quartz
substrate, a synthetic quartz substrate, a calcium fluoride
substrate, a fluoride-doped quartz substrate, a soda-lime
glass substrate, a non-alkali glass substrate, a combination
thereof, and so forth.

[0108] A buffer layer 115 may be formed on the entire
substrate 110. The buffer layer 115 may prevent the diffusion
of metal atoms and/or impurities from the substrate 110. In
addition, the buffer layer 115 may improve a surface flatness
of the substrate 110 when a surface of the substrate 110 is
relatively irregular. According to a type of the substrate 110,
at least two buffer layers 115 may be provided on the
substrate 110, or the buffer layer 115 may not be formed. For
example, the buffer layer 115 may include organic materials
or inorganic materials. Alternatively, the substrate 110 may
be formed using a flexible transparent resin substrate (e.g.,
a polyimide substrate). In this case, the polyimide substrate
may include a first polyimide layer, a barrier film layer, a
second polyimide layer, and so forth. For example, the
substrate 110 may have a structure in which the first poly-
imide layer, the barrier film layer, and the second polyimide
layer are sequentially stacked on a rigid glass substrate.
[0109] A first preliminary oxide semiconductor layer 531
may be formed on the buffer layer 115. The first preliminary
oxide semiconductor layer 531 may be formed in the display
region 10 and the peripheral region 20 on the entire buffer
layer 115. After the first preliminary oxide semiconductor
layer 531 is formed on the entire buffer layer 115, the first
preliminary oxide semiconductor layer 531 may be selec-
tively etched. For example, the first preliminary oxide
semiconductor layer 531 may be etched through a first wet
etch process. A first etchant used in the first wet etch process
may be a compound that includes fluorine (F). For example,
the first etchant may include sodium fluoride (NaF), sodium
hydrogen fluoride (NaHF,), ammonium fluoride (NH,F),
ammonium hydrogen fluoride (NH,HF,), ammonium boro-
fluoride (NH,BF,), potassium fluoride (KF), potassium
hydrogen fluoride (KHF,), aluminum fluoride (AlF;), boro-
fluoric acid (HBF,), lithium fluoride (LiF), potassium boro-
fluoride (KBF,), calcium fluoride (CaF,), and so forth.
[0110] Referring to FIG. 6, after the first preliminary oxide
semiconductor layer 531 is patterned through the first wet
etch process, a first oxide semiconductor pattern 530 in the
peripheral region 20 on the buffer layer 115 and a third oxide
semiconductor pattern 135 in the display region 10 may be
formed. Fach of the first and third oxide semiconductor
patterns 530 and 135 may be formed using an oxide semi-
conductor that includes Sn. In other words, each of the first
and third oxide semiconductor patterns 530 and 135 may
include an oxide semiconductor layer including at least one
of AB,, AB,C,, AB.CD,, and so forth. These compounds
contain Sn together with In, Zn, Ga, Ti, Al, Hf, Zr, Mg, and
so forth. For example, each of the first and third oxide
semiconductor patterns 530 and 135 may include SnO, 1TO,
ZTO,1ZTO, TAZO,1GTO, ITGZO, and so forth. In example
embodiments, each of the first and third oxide semiconduc-
tor patterns 530 and 135 may consist essentially of ITGZO.
[0111] Referring to FIG. 7, a second preliminary oxide
semiconductor layer 131 may be formed on the buffer layer
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115, the first oxide semiconductor pattern 530, and the third
oxide semiconductor pattern 135. The second preliminary
oxide semiconductor layer 131 may be entirely formed in
the display region 10 and the peripheral region 20 on the
buffer layer 115 and the first and third oxide semiconductor
patterns 530 and 135. Here, when the second preliminary
oxide semiconductor layer 131 is formed on the buffer layer
115 and the first and third oxide semiconductor patterns 530
and 135, a lower surface of the second preliminary oxide
semiconductor layer 131 may be in direct contact with an
upper surface of the first oxide semiconductor pattern 530
and an upper surface of the third oxide semiconductor
pattern 135. After the second preliminary oxide semicon-
ductor layer 131 is entirely formed on the buffer layer 115
and the first and third oxide semiconductor patterns 530 and
135, the second preliminary oxide semiconductor layer 131
may be partially etched. For example, the second prelimi-
nary oxide semiconductor layer 131 may be etched through
a second wet etch process. In example embodiments, a
second etchant may be used in the second wet etch process,
and the second etchant may be different from the first
etchant. For example, the second etchant used in the second
wet etch process may include an etchant where the first and
third oxide semiconductor patterns 530 and 135 are not
etched while the second preliminary oxide semiconductor
layer 131 is etched. The second etchant may be a mixed
solution containing phosphoric acid, acetic acid, nitric acid,
and so forth. In example embodiments, the second etchant
may consist essentially of phosphoric acetic nitric acid. In
addition, the second etchant may be in direct contact with
the first and third oxide semiconductor patterns 530 and 135.
As each of the first and third oxide semiconductor patterns
530 and 135 includes Sn, each of the first and third oxide
semiconductor patterns 530 and 135 might not react with the
second etchant. In other words, each of the first and third
oxide semiconductor patterns 530 and 135 might not be
etched by the second etchant.

[0112] Referring to FIG. 8, after the second preliminary
oxide semiconductor layer 131 is patterned through the
second wet etch process, a second oxide semiconductor
pattern 130 may be formed in the display region 10 on the
buffer layer 115. The second oxide semiconductor pattern
130 may be spaced apart from the third oxide semiconductor
pattern 135. The second oxide semiconductor pattern 130
may be formed using an oxide semiconductor not including
Sn. In other words, the second oxide semiconductor pattern
130 may include an oxide semiconductor layer including at
least one of AB,, AB,C, AB.C)D,, and so forth. These
compounds contain In, Zn, Ga, Ti, Al, Hf, Zr, Mg, and so
forth. For example, the second oxide semiconductor pattern
130 may include ZnO, GaO, TiO, InO, 1GO, 120, GZO,
ZMO, 7Zn7rO, 1GZ70, IGHO, and so forth. In example
embodiments, the second oxide semiconductor pattern 130
may consist essentially of 1GZ0.

[0113] In example embodiments, although the first and
third oxide semiconductor patterns 530 and 135 and the
second oxide semiconductor pattern 130 are formed in
different process steps, the first oxide semiconductor pattern
530, the second oxide semiconductor pattern 130, and the
third oxide semiconductor pattern 135 may be located at a
same layer (e.g., the buffer layer 115).

[0114] Referring to FIG. 9, a gate insulation layer 150 may
be formed on the buffer layer 115 and the first, second, and
third oxide semiconductor patterns 530, 130, and 135. The
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gate insulation layer 150 may cover the first oxide semicon-
ductor pattern 530 in the peripheral region 20 on the buffer
layer 115, and may extend in the second direction D2 on the
buffer layer 115. In addition, the gate insulation layer 150
may cover the second and third oxide semiconductor pat-
terns 130 and 135 in the display region 10 on the buffer layer
115, and may extend in the second direction D2 on the buffer
layer 115. That is, the gate insulation layer 150 may be
formed on the entire buffer layer 115. For example, the gate
insulation layer 150 may sufficiently cover the first, second
and third oxide semiconductor patterns 530, 130 and 135 on
the buffer layer 115, and may have a substantially flat upper
surface without a step around the first, second and third
oxide semiconductor patterns 530, 130 and 135. Alterna-
tively, the gate insulation layer 150 may cover the first,
second and third oxide semiconductor patterns 530, 130 and
135 on the buffer layer 115, and may be formed as a
substantially uniform thickness along a profile of the first,
second and third oxide semiconductor patterns 530, 130 and
135. The gate insulation layer 150 may be formed using
silicon compound, metal oxide, and so forth. For example,
the gate insulation layer 150 may include SiO,, SiN,
SiON,, SiO,C,, SiCN,, AlO,, AIN,, TaO,, HO,, Z1O,,
TiO,, and so forth.

[0115] A first gate electrode 570 may be formed in the
peripheral region 20 on the gate insulation layer 150. The
first gate electrode 570 may be formed on a portion of the
gate insulation layer 150 under which the first oxide semi-
conductor pattern 530 is located. The first gate electrode 570
may be formed using a metal, a metal alloy, metal nitride,
conductive metal oxide, transparent conductive materials,
and so forth. For example, the first gate electrode 570 may
include Au, Ag, Al, W, Cu, Pt, Ni, Ti, Pd, Mg, Ca, Li, Cr, Ta,
Mo, Sc, Nd, Ir, an alloy of aluminum, AIN_, an alloy of
silver, WN_, an alloy of copper, an alloy of molybdenum,
TiN,, CrN,, TaN,, SRO, 7ZnO,, ITO, SnO,, InO,, GaO,,
170, and so forth. These may be used alone or in a suitable
combination thereof. Alternatively, the first gate electrode
570 may have a multi-layered structure including a plurality
of layers.

[0116] A second gate electrode 170 may be formed in the
display region 10 on the gate insulation layer 150. The
second gate electrode 170 may be formed on a portion of the
gate insulation layer 150 under which the second oxide
semiconductor pattern 130 is located. The second gate
electrode 170 may be formed using a metal, a metal alloy,
metal nitride, conductive metal oxide, transparent conduc-
tive materials, and so forth. These may be used alone or in
a suitable combination thereof. Alternatively, the second
gate electrode 170 may have a multi-layered structure
including a plurality of layers.

[0117] A third gate electrode 175 may be formed in the
display region 10 on the gate insulation layer 150, and may
be spaced apart from the second gate electrode 170 in the
second direction D2. The third gate electrode 175 may be
formed on a portion of the gate insulation layer 150 under
which the third oxide semiconductor pattern 135 is located.
The third gate electrode 175 may be formed using a metal,
a metal alloy, metal nitride, conductive metal oxide, trans-
parent conductive materials, and so forth. These may be used
alone or in a suitable combination thereof. Alternatively, the
third gate electrode 175 may have a multi-layered structure
including a plurality of layers.
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[0118] For example, after a first preliminary electrode
layer is formed on the entire gate insulation layer 150, the
first gate electrode 570, the second gate electrode 170, and
the third gate electrode 175 may be simultaneously formed
by partially etching the first preliminary electrode layer. In
other words, the first gate electrode 570, the second gate
electrode 170, and the third gate electrode 175 may be
formed using same materials, and may be located at a same
layer (e.g., the gate insulation layer 150).

[0119] An insulating interlayer 190 may be formed on the
gate insulation layer 150, the first gate electrode 570, the
second gate electrode 170, and the third gate electrode 175.
The insulating interlayer 190 may cover the first gate
electrode 570 in the peripheral region 20 on the gate
insulation layer 150, and may extend in the second direction
D2 on the gate insulation layer 150. In addition, the insu-
lating interlayer 190 may cover the second and third gate
electrodes 170 and 175 in the display region 10 on the gate
insulation layer 150, and may extend in the second direction
D2 on the gate insulation layer 150. That is, the insulating
interlayer 190 may be formed on the entire gate insulation
layer 150. For example, the insulating interlayer 190 may
sufficiently cover the first, second, and third gate electrodes
570, 170, and 175 on the gate insulation layer 150, and may
have a substantially flat upper surface without a step around
the first, second, and third gate electrodes 570, 170, and 175.
Alternatively, the insulating interlayer 190 may cover the
first, second, and third gate electrodes 570, 170, and 175 on
the gate insulation layer 150, and may be formed as a
substantially uniform thickness along a profile of the first,
second, and third gate electrodes 570, 170, and 175. The
insulating interlayer 190 may be formed using silicon com-
pound, metal oxide, etc.

[0120] A first source electrode 610 and a first drain elec-
trode 630 may be formed in the peripheral region 20 on the
insulating interlayer 190. The first source electrode 610 may
be in contact with a source region of the first oxide semi-
conductor pattern 530 via a first contact hole formed by
removing a first portion of the gate insulation layer 150 and
the insulating interlayer 190, and the first drain electrode 630
may be in contact with a drain region of the first oxide
semiconductor pattern 530 via a second contact hole formed
by removing a second portion of the gate insulation layer
150 and the insulating interlayer 190. Each of the first source
electrode 610 and the first drain electrode 630 may be
formed using a metal, an alloy, metal nitride, conductive
metal oxide, transparent conductive materials, and so forth.
These may be used alone or in a suitable combination
thereof. Alternatively, each of the first source and first drain
electrodes 610 and 630 may have a multi-layered structure
including a plurality of layers. Accordingly, a first oxide
transistor 650 including the first oxide semiconductor pat-
tern 530, the first gate electrode 570, the first source elec-
trode 610, and the first drain electrode 630 may be formed.

[0121] A second source electrode 210 and a second drain
electrode 230 may be formed in the display region 10 on the
insulating interlayer 190. The second source electrode 210
may be in contact with a source region of the second oxide
semiconductor pattern 130 via a third contact hole formed
by removing a third portion of the gate insulation layer 150
and the insulating interlayer 190, and the second drain
electrode 230 may be in contact with a drain region of the
second oxide semiconductor pattern 130 via a fourth contact
hole formed by removing a fourth portion of the gate
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insulation layer 150 and the insulating interlayer 190. Each
of the second source electrode 210 and the second drain
electrode 230 may be formed using a metal, an alloy, metal
nitride, conductive metal oxide, transparent conductive
materials, and so forth. These may be used alone or in a
suitable combination thereof. Alternatively, each of the
second source and second drain electrodes 210 and 230 may
have a multi-layered structure including a plurality of layers.
Accordingly, a second oxide transistor 250 including the
second oxide semiconductor pattern 130, the second gate
electrode 170, the second source electrode 210, and the
second drain electrode 230 may be formed.

[0122] A third source electrode 215 and a third drain
electrode 235 may be formed in the display region 10 on the
insulating interlayer 190. The third source electrode 215
may be in contact with a source region of the third oxide
semiconductor pattern 135 via a fifth contact hole formed by
removing a fifth portion of the gate insulation layer 150 and
the insulating interlayer 190, and the third drain electrode
235 may be in contact with a drain region of the third oxide
semiconductor pattern 135 via a sixth contact hole formed
by removing a sixth portion of the gate insulation layer 150
and the insulating interlayer 190. Each of the third source
electrode 215 and the third drain electrode 235 may be
formed using a metal, an alloy, metal nitride, conductive
metal oxide, transparent conductive materials, and so forth.
These may be used alone or in a suitable combination
thereof. Alternatively, each of the third source and third
drain electrodes 215 and 235 may have a multi-layered
structure including a plurality of layers. Accordingly, a third
oxide transistor 255 including the third oxide semiconductor
pattern 135, the third gate electrode 175, the third source
electrode 215, and the third drain electrode 235 may be
formed.

[0123] For example, after a second preliminary electrode
layer is formed on the entire insulating interlayer 190, the
first source and first drain electrodes 610 and 630, the second
source and second drain electrodes 210 and 230, and the
third source and third drain electrodes 215 and 235 may be
simultaneously formed by partially etching the second pre-
liminary electrode layer. In other words, the first source and
first drain electrodes 610 and 630, the second source and
second drain electrodes 210 and 230, and the third source
and third drain electrodes 215 and 235 may be formed using
same materials, and may be located at a same layer (e.g., the
insulating interlayer 190).

[0124] Referring to FIG. 10, a planarization layer 270 may
be formed on the insulating interlayer 190, the first source
and first drain electrodes 610 and 630, the second source and
second drain electrodes 210 and 230, and the third source
and third drain electrodes 215 and 235. For example, the
planarization layer 270 may be formed with a high thickness
to sufficiently cover the first source and first drain electrodes
610 and 630, the second source and second drain electrodes
210 and 230, and the third source and third drain electrodes
215 and 235 on the insulating interlayer 190. In this case, the
planarization layer 270 may have a substantially flat upper
surface, and a planarization process may be further per-
formed on the planarization layer 270 to implement the flat
upper surface of the planarization layer 270. A portion of an
upper surface of the third drain electrode 235 may be
exposed via a contact hole formed by removing a portion of
the planarization layer 270. The planarization layer 270 may
include organic materials or inorganic materials. In example
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embodiments, the planarization layer 270 may be formed
using organic materials such as polyimide, epoxy-based
resin, acryl-based resin, polyester, photoresist, polyacryl-
based resin, polyimide-based resin, a polyamide-based resin,
a siloxane-based resin, and so forth.

[0125] A lower electrode 290 may be formed in the
display region 10 on the planarization layer 270. The lower
electrode 290 may be in direct contact with the third drain
electrode 235 via the contact hole of the planarization layer
270. The lower electrode 290 may be formed using a metal,
a metal alloy, metal nitride, conductive metal oxide, trans-
parent conductive materials, and so forth. These may be used
alone or in a suitable combination thereof. Alternatively, the
lower electrode 290 may have a multi-layered structure
including a plurality of layers.

[0126] A pixel defining layer 310 may be formed on a
portion of the lower electrode 290 and the planarization
layer 270. The pixel defining layer 310 may cover both
lateral portions of the lower electrode 290, and may expose
a portion of an upper surface of the lower electrode 290. The
pixel defining layer 310 may include organic materials or
inorganic materials. In example embodiments, the pixel
defining layer 310 may be formed using organic materials.
[0127] A light emitting layer 330 may be formed on the
lower electrode 290 exposed by the pixel defining layer 310.
The light emitting layer 330 may be formed using at least
one of light emitting materials capable of generating differ-
ent colors of light (e.g., a red color of light, a blue color of
light, and a green color of light, etc) according to first,
second, and third OLEDs. Alternatively, the light emitting
layer 330 may 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, a blue color of light, etc. In this case, a color
filter may be formed on the light emitting layer 330. The
color filter may include at least one selected from a red color
filter, a green color filter, and a blue color filter. Alterna-
tively, the color filter may include a yellow color filter, a
cyan color filter, and a magenta color filter. The color filter
may be formed using a photosensitive resin, color photore-
sist, etc.

[0128] Anupper electrode 340 may be formed on the pixel
defining layer 310 and the light emitting layer 330. The
upper electrode 340 may cover the light emitting layer 330
and the pixel defining layer 310, and may be entirely formed
on the light emitting layer 330 and the pixel defining layer
310. In some example embodiments, the upper electrode 340
may be formed in the peripheral region 20. The upper
electrode 340 may be formed using a metal, a metal alloy,
metal nitride, conductive metal oxide, transparent conduc-
tive materials, and so forth. These may be used alone or in
a suitable combination thereof. Alternatively, the upper
electrode 340 may have a multi-layered structure including
a plurality of layers. Accordingly, a sub-pixel structure 200
including the lower electrode 290, the light emitting layer
330, and the upper electrode 340 may be formed.

[0129] Referring to FIG. 11, a seal member 390 may be
formed in an outmost portion of the peripheral region 20 on
the substrate 110. A lower surface of the seal member 390
may be in direct contact with the insulating interlayer 190.
Alternatively, the buffer layer 115, the gate insulation layer
150, and the insulating interlayer 190 on which the seal
member 390 is located might not be formed, and the lower
surface of the seal member 390 may be in direct contact with
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an upper surface of the substrate 110. The seal member 390
may be formed using frit, etc. In addition, the seal member
390 may additionally include a photo curable material. For
example, the seal member 390 may include a compound
such as the organic material and the photo curable material.
In addition, after at least one of ultraviolet ray, laser beam,
visible ray, and so forth. are irradiated in the compound, the
compound may be cured, and thus the seal member 390 may
be obtained. The photo curable material included in the seal
member 390 may include epoxy acrylate-based resin, poly-
ester acrylate-based resin, urethane acrylate based-resin,
polybutadiene acrylate-based resin, silicon acrylate-based
resin, alky! acrylate-based resin, etc.

[0130] An encapsulation substrate 450 may be formed on
the seal member 390 and the upper electrode 340. The
encapsulation substrate 450 and the substrate 110 may
include substantially same materials. For example, the
encapsulation substrate 450 may be formed using at least
one of quartz substrate, a synthetic quartz substrate, a
calcium fluoride substrate, a fluoride-doped quartz substrate,
a soda-lime glass substrate, a non-alkali glass substrate and
so forth. In some example embodiments, the encapsulation
substrate 450 may include a transparent inorganic material
or flexible plastic. For example, the encapsulation substrate
450 may include a flexible transparent resin substrate. In this
case, to increase flexibility of the OLED display device, the
encapsulation substrate 450 may have a stacked structure
where 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 formed along a profile of the upper
electrode 340, and the organic layer having flexibility may
be formed on the first inorganic layer. The second inorganic
layer having flexibility may be formed 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.

[0131] After the encapsulation substrate 450 is formed, a
laser may be irradiated in a portion where an upper surface
of the encapsulation substrate 450 overlaps the seal member
390. According to an irradiation of the light of the laser, a
state of the compound of the seal member 390 may be
changed from a solid state to a liquid state. In addition, the
compound of the liquid state may be cured to the solid state
after a predetermined time. In accordance with the state
change of the compound, the compound may seal the
substrate 110 and the encapsulation substrate 450. Accord-
ingly, an OLED display device 100 illustrated in FIG. 4 may
be manufactured.

[0132] In a method of manufacturing the OLED display
device according to example embodiments, as oxide tran-
sistors having different characteristics to each other are
manufactured in a same layer by using the first etchant and
the second etchant without an add of a mask, a manufac-
turing cost of the OLED display device may be relatively
reduced.

[0133] FIG. 12 is a plan view illustrating an OLED display
device in accordance with example embodiments. An OLED
display device 500 illustrated in FIG. 12 may have a
configuration substantially the same as or similar to that of
an OLED display device 100 described with reference to
FIGS. 1 through 4 except for a first bottom metal pattern 510
and a second bottom metal pattern 540. In FIG. 12, detailed
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descriptions for elements that are substantially the same as
or similar to elements described with reference to FIGS. 1
through 4 may not be repeated.

[0134] Referring to FIG. 12, an OLED display device 500
may include a substrate 110, a first bottom metal pattern 510,
a second bottom metal pattern 540, a buffer layer 115, a first
oxide transistor 650, a second oxide transistor 250, a third
oxide transistor 255, a gate insulation layer 150, an insulat-
ing interlayer 190, a planarization layer 270, a sub-pixel
structure 200, a pixel defining layer 310, a seal member 390,
an encapsulation substrate 450, etc. The first oxide transistor
650 may include a first oxide semiconductor pattern 530, a
first gate electrode 570, a first source electrode 610, and a
first drain electrode 630, and the second oxide transistor 250
may include a second oxide semiconductor pattern 130, a
second gate electrode 170, a second source electrode 210,
and a second drain electrode 230. In addition, the third oxide
transistor 255 may include a third oxide semiconductor
pattern 135, a third gate electrode 175, a third source
electrode 215, and a third drain electrode 235. Further, the
sub-pixel structure 200 may include a lower electrode 290,
alight emitting layer 330. and an upper electrode 340. As the
OLED display device 500 has the display region 10 and the
peripheral region 20, the substrate 110 may be divided as the
display region 10 and the peripheral region 20.

[0135] The first bottom metal pattern 510 may be disposed
in the peripheral region 20 between the substrate 110 and the
buffer layer 115. The first bottom metal pattern 510 may be
located under the first oxide transistor 650. In example
embodiments, the first bottom metal pattern 510 may be
electrically connected to the first gate electrode 570. In this
case, the first oxide transistor 650 may serve as a transistor
having a double gate structure. Accordingly, the first oxide
transistor 650 may operate as a transistor of a gate driver 300
driven by using a high current.

[0136] The second bottom metal pattern 540 may be
disposed in the display region 10 between the substrate 110
and the buffer layer 115. The second bottom metal pattern
540 may be located under the second oxide transistor 250.
In example embodiments, the second bottom metal pattern
540 may be electrically connected to the second source
electrode 210. In this case, an output saturation character-
istic of the second oxide transistor 250 may be increased,
and a driving range of the second oxide transistor 250 may
be secured.

[0137] Insome example embodiments, the OLED display
device 500 may further include a third bottom metal pattern
disposed under the third oxide transistor 255. In some
example embodiments, the OLED display device 500 may
further include an insulation layer disposed under the first
bottom metal pattern 510 and the second bottom metal
pattern 540.

[0138] The present inventive concept may be applied to
various display devices including an organic light emitting
diode display device. For example, the present inventive
concept may be applied to vehicle-display device. a ship-
display device, an aircraft-display device, portable commu-
nication devices, display devices for display or for informa-
tion transfer, a medical-display device, etc.

[0139] 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
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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 inventive concept as defined in the
claims. 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 appended
claims.

What is claimed is:

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

a substrate having a display region including a plurality of
sub-pixel regions, the substrate having a peripheral
region located at a side of the display region;

a first oxide transistor in the peripheral region on the
substrate, the first oxide transistor including a first
oxide semiconductor pattern that includes tin (Sn);

a second oxide transistor in the sub-pixel regions each on
the substrate, the second oxide transistor including a
second oxide semiconductor pattern; and

a sub-pixel structure on the second oxide transistor.

2. The OLED display device of claim 1, wherein the
second oxide semiconductor pattern does not include Sn.

3. The OLED display device of claim 1, wherein the first
oxide transistor and the second oxide transistor are located
at a same layer.

4. The OLED display device of claim 1, wherein the first
oxide transistor further includes:

a first gate electrode disposed on the first oxide semicon-

ductor pattern; and

first source and first drain electrodes disposed on the first
gate electrode.

5. The OLED display device of claim 1, further compris-

ing:

a gate driver generating a gate signal, the gate driver being
disposed in the peripheral region on the substrate, the
gate driver including a transistor,

wherein the transistor included in the gate driver corre-
sponds to the first oxide transistor.

6. The OLED display device of claim 1, further compris-

ing:

a third oxide transistor disposed in the sub-pixel regions
each on the substrate, the third oxide transistor includ-
ing a third oxide semiconductor pattern, the third oxide
semiconductor pattern including Sn,

wherein the second oxide transistor corresponds to a
driving transistor, and the third oxide transistor corre-
sponds to a switching transistor.

7. The OLED display device of claim 6, wherein the first
oxide semiconductor pattern, the second oxide semiconduc-
tor pattern, and the third oxide semiconductor pattern are
located at a same layer.

8. The OLED display device of claim 7, wherein the first
oxide semiconductor pattern and the third oxide semicon-
ductor pattern include same materials.

9. The OLED display device of claim 1, wherein the first
oxide semiconductor pattern includes at least one of tin
oxide (Sn0O), indium-tin oxide (ITO), zinc-tin oxide (ZTO),
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indium-zinc-tin oxide (IZTO), tin-aluminum-zinc oxide
(TAZO), indium-gallium-tin oxide (IGTO), and indium-tin-
gallium-zinc oxide (ITGZ0).
10. The OLED display device of claim 1, wherein the
second oxide semiconductor pattern includes at least one of
zine oxide (ZnO), gallium oxide (GaO), titanium oxide
(Ti0), indium oxide (InO), indium-gallium oxide (IGO),
indium-zine oxide (IZ0), gallium-zinc oxide (GZ0), zinc-
magnesium oxide (ZMO), zinc-zirconium oxide (ZnZrO),
indium-gallium-zinc oxide (IGZO), and indium-gallium-
hafnium oxide (IGHO).
11. A method of manufacturing OLED display device, the
method comprising:
providing a substrate having a display region including a
plurality of sub-pixel regions, the substrate having a
peripheral region located at a side of the display region;

forming a first preliminary oxide semiconductor layer on
the substrate;

forming a first oxide semiconductor pattern including Sn

in the peripheral region on the substrate after the first
preliminary oxide semiconductor layer is patterned
using a first etchant;

forming a second preliminary oxide semiconductor layer

on the substrate and the first oxide semiconductor
pattern;

forming a second oxide semiconductor pattern in the

sub-pixel regions each after the second preliminary
oxide semiconductor layer is patterned using a second
etchant; and

forming a sub-pixel structure on the second oxide semi-

conductor pattern.

12. The method of claim 11, wherein the second oxide
semiconductor pattern does not include Sn.

13. The method of claim 11, wherein when the second
preliminary oxide semiconductor layer is formed on the first
oxide semiconductor pattern, the second preliminary oxide
semiconductor layer is in direct contact with the first oxide
semiconductor pattern.

14. The method of claim 13, wherein when the second
preliminary oxide semiconductor layer is patterned using the
second etchant, the second etchant is in direct contact with
the first oxide semiconductor pattern.

15. The method of claim 11, wherein the first etchant is
different from the second etchant, and the first oxide semi-
conductor pattern is not etched by the second etchant.

16. The method of claim 11, wherein the first etchant
includes a compound that includes fluorine (F).

17. The method of claim 11, wherein the second etchant
comprises phosphoric acetic nitric acid.

18. The method of claim 11, further comprising;

forming a third oxide semiconductor pattern, which

includes Sn, in each of the sub-pixel regions.

19. The method of claim 18, wherein the first oxide
semiconductor pattern, the second oxide semiconductor
pattern, and the third oxide semiconductor pattern are
located at a same layer.

20. The method of claim 19, wherein the first oxide
semiconductor pattern and the third oxide semiconductor
pattern are simultaneously formed using same materials.
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