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(57) ABSTRACT

A display device includes a base substrate, a first transistor,
a second transistor, an organic light emitting diode, and a
capacitor electrically connected to the first thin film transis-
tor, The first transistor includes a first semiconductor pattern
below a first interlayer insulation layer and a first control
electrode above the first interlayer insulation layer and
below a second interlayer insulation layer. The second
transistor includes a second control electrode above the first
interlayer insulation layer and below the second interlayer
insulation layer. A second semiconductor pattern is above
the second interlayer insulation layer.
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DISPLAY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Continuation of U.S. patent
application Ser. No. 15/657,369, filed on Jul. 24, 2017,
which claims priority under 35 U.S.C. § 119 to Korean
Patent Application No. 10-2016-0113445, filed on Sep. 2,
2016, the disclosure of which is incorporated by reference
herein in its entirety.

TECHNICAL FIELD

[0002] Exemplary embodiments of the present invention
relate to a display device, and more particularly to a method
of manufacturing the same.

DISCUSSION OF RELATED ART

[0003] A display device may include a plurality of pixels
and a driving circuit (e.g., a scan driving circuit and a data
driving circuit) controlling the plurality of pixels. Each of
the plurality of pixels may include a display element and a
pixel driving circuit controlling the display element. The
pixel driving circuit may include a plurality of thin film
transistors connected organically to each other.

[0004] A scan driving circuit and/or a data driving circuit
may be formed through the same process as the plurality of
pixels. The driving circuits may include a plurality of thin
film transistors connected organically to each other.

[0005] According to a driving timing, different bias volt-
ages may be applied to a control electrode, an input elec-
trode, and output electrode of each of thin film transistors in
a pixel driving circuit. According to a driving timing,
different bias voltages may be applied to a control electrode,
an input electrode, and output electrode of each of thin film
transistors in a scan driving circuit and/or a data driving
circuit.

SUMMARY

[0006] An exemplary embodiment of the present inven-
tion provides a display device including thin film transistors
with increased turm-on speed and reliability.

[0007] An exemplary embodiment of the present inven-
tion provides a method of manufacturing a display device
including thin film transistors.

[0008] An exemplary embodiment of the present inven-
tion provides a display device including a base substrate and
a first transistor above the base substrate. The first thin film
transistor includes a first input electrode, a first output
electrode, a first semiconductor pattern below a first insu-
lation layer, and a first control electrode above the first
insulation layer and below a second insulation layer. A
second transistor is above the base substrate. The second
transistor includes a second input electrode, a second output
electrode, a second control electrode above the first insula-
tion layer and below the second insulation layer, and a
second semiconductor pattern above the second insulation
layer. At least one third insulation layer is above the second
insulation layer. A light emitting diode is above the at least
one third insulation layer and above the second control
electrode. A capacitor is electrically connected to at least one
of the first transistor and the second transistor.
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[0009] 1In an exemplary embodiment of the present inven-
tion, the first semiconductor pattern may include polysilicon
semiconductor and the second semiconductor pattern may
include an oxide semiconductor.

[0010] In an exemplary embodiment of the present inven-
tion, the oxide semiconductor may include vertical crystals.

[0011] In an exemplary embodiment of the present inven-
tion, each of the second input electrode and the second
output electrode may include a lower portion in direct
contact with the second semiconductor pattern. An upper
portion of each of the second input electrode and the second
output electrode may be disposed on the at least one third
insulation layer and may be connected to the lower portion
via a first contact hole penetrating the at least one third
insulation layer.

[0012] In an exemplary embodiment of the present inven-
tion, each of the first input electrode and the first output
electrode may be disposed on the at least one third insulation
layer and may be connected to the first semiconductor
pattern via a second contact hole penetrating the first insu-
lation layer, the second insulation layer, and the at least one
third insulation layer.

[0013] 1In an exemplary embodiment of the present inven-
tion, the capacitor may include a first electrode disposed on
a same layer as the first control electrode, and a second
electrode disposed on a same layer as the lower portion. The
second insulation layer may be disposed between the first
electrode and the second electrode.

[0014] In an exemplary embodiment of the present inven-
tion, the display device may include a dummy semiconduc-
tor pattern disposed between the second electrode and the
second insulation layer.

[0015] In an exemplary embodiment of the present inven-
tion, the dummy semiconductor pattern and the second
semiconductor pattern may include a same semiconductor
material.

[0016] In an exemplary embodiment of the present inven-
tion, the lower portion of the second input electrode and the
lower portion of the second output electrode may be spaced
apart from each other in a first direction on the second
semiconductor pattern. The lower portion of the second
input electrode and the lower portion of the second output
electrode may be in direct contact with upper and side
surfaces of the second semiconductor pattern on a plane.

[0017] In an exemplary embodiment of the present inven-
tion, a first outer surface of the lower portion of the second
input electrode may be substantially aligned with a first
outer surface of the second semiconductor pattern. A second
outer surface of the lower portion of the second output
electrode may be substantially aligned with a second outer
surface of the second semiconductor pattern.

[0018] In an exemplary embodiment of the present inven-
tion, the display device may include a conductive pattern
overlapping the first control electrode and disposed on the
second insulation layer.

[0019] In an exemplary embodiment of the present inven-
tion, the conductive pattern may be connected to one of the
first and second electrodes of the capacitor.

[0020] In an exemplary embodiment of the present inven-
tion, the display device may include a dummy semiconduc-
tor pattern disposed between the conductive pattern and the
second insulation layer.
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[0021] In an exemplary embodiment of the present inven-
tion, the dummy semiconductor pattern and the second
semiconductor pattern may include a same semiconductor
material.

[0022] In an exemplary embodiment of the present inven-
tion, a portion of the second semiconductor pattern over-
lapping the lower portion may be doped with a dopant and
the dummy semiconductor pattern may be doped with the
same dopant as the portion of the second semiconductor
pattern,

[0023] In an exemplary embodiment of the present inven-
tion, the second thin film transistor may include a third
control electrode disposed on the at least one third insulation
layer. The third control electrode may be electrically con-
nected to the second control electrode.

[0024] An exemplary embodiment of the present inven-
tion provides a method of manufacturing a display device.
The method includes forming a first semiconductor pattern
above a base substrate. The method includes forming a first
insulation layer substantially covering the first semiconduc-
tor pattern on the base substrate. The method includes
forming a first control electrode overlapping the first semi-
conductor pattern and a second control electrode spaced
apart from the first control electrode on the first insulation
layer. The method includes forming a second insulation
layer substantially covering the first control electrode and
the second control electrode on the first insulation layer. The
method includes forming a second semiconductor pattern
overlapping the second control electrode, and a lower por-
tion of a second input electrode and a lower portion of a
second output electrode connected to the second semicon-
ductor pattern on the second insulation layer. The method
includes forming at least one third insulation layer on the
second insulation layer; forming an upper portion of the
second input electrode and an upper portion of the second
output electrode respectively connected to the lower portion
of the second input electrode and the lower portion of the
second output electrode on the third insulation layer. The
method includes forming a first input electrode and a first
output electrode connected to the first semiconductor pat-
tern. A portion of each of the first input electrode and the first
output electrode is disposed on the third insulation layer. The
method includes forming a light emitting diode on the at
least one third insulation layer.

[0025] In an exemplary embodiment of the present inven-
tion, the forming of the second semiconductor pattern, the
lower portion of the second input electrode, and the lower
portion of the second output electrode may include forming
a semiconductor layer on the second insulation layer. A
conductive layer may be formed on the semiconductor layer.
Forming the second semiconductor pattern, the lower por-
tion of the second input electrode, and the lower portion of
the second output electrode may include etching the semi-
conductor layer and the conductive layer by using a half-
tone mask including a first light shielding portion in a
position corresponding to the lower portion of the second
input electrode, a second light shielding portion in a position
corresponding to the lower portion of the second output
electrode, and a semi-transparent portion disposed between
the first light shielding portion and the second light shielding
portion.

[0026] In an exemplary embodiment of the present inven-
tion, the method may include forming a dummy semicon-
ductor pattern overlapping the first control electrode on the
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second insulation layer. A conductive pattern may be formed
on the dummy semiconductor pattern.

[0027] In an exemplary embodiment of the present inven-
tion, the method may include forming a third control elec-
trode connected to the second control electrode on the at
least one third insulation layer.

BRIEF DESCRIPTION OF THE FIGURES

[0028] The above and other features of the present inven-
tion will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0029] FIG. 1 is a block diagram of a display device
according to an exemplary embodiment of the present
invention;

[0030] FIG. 2A is an equivalent circuit diagram of a pixel
according to an exemplary embodiment of the present
invention;

[0031] FIG. 2B is a waveform diagram of driving signals
for driving a pixel shown in FIG. 2A;

[0032] FIG. 3 is a cross-sectional view of a display device
corresponding to a pixel according to an exemplary embodi-
ment of the present invention;

[0033] FIG. 4 is an equivalent circuit diagram of a pixel
according to an exemplary embodiment of the present
invention;

[0034] FIG. 5 is a cross-sectional view of a display device
corresponding to a pixel according to an exemplary embodi-
ment of the present invention;

[0035] FIGS. 6A to 6G are cross-sectional views illustrat-
ing a method of manufacturing a display device according to
an exemplary embodiment of the present invention;

[0036] FIG. 7 is a cross-sectional view of a display device
according to an exemplary embodiment of the present
invention;

[0037] FIGS. 8A to 8F are cross-sectional views illustrat-
ing a method of manufacturing a display device according to
an exemplary embodiment of the present invention; and
[0038] FIG. 9 is a cross-sectional view of a display device
according to an exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

[0039] It will be understood that when a component, such
as a layer, a film, a region, or a plate, is referred to as being
on another component, the component can be directly on the
other component or intervening components may be present.
[0040] Like reference numerals may refer to like elements
throughout the specification and drawings.

[0041] It will be understood that although the terms “first”
and “second” may be used herein to describe various com-
ponents, these components should not be limited by these
terms,

[0042] FIG. 1 is a block diagram of a display device
according to an exemplary embodiment of the present
invention.

[0043] A display device according to an exemplary
embodiment of the present invention may include a timing
controller TC, a scan driving circuit SDC, a data driving
circuit DDC, and a display panel DP. In an exemplary
embodiment of the present invention, the display panel DP
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may be a light emitting type display panel; however, exem-
plary embodiments of the present invention are not limited
thereto.

[0044] The timing controller IC may receive input image
signals and may generate image data D-RGB by converting
a data format of the input image signals to match the
interface specifications of the scan driving circuit SDC. The
timing controller IC may output the image data D-RGB and
various control signals DCS and SCS.

[0045] The scan driving circuit SDC may receive a scan
control signal SCS from the timing controller IC. The scan
control signal SCS may include a vertical start signal stating
an operation of the scan driving circuit SDC and a clock
signal determining the output timings of signals. The scan
driving circuit SDC may generate a plurality of scan signals
and may sequentially output each of the scan signals to a
respective scan line of a plurality of scan lines SL1 to SLn.
The scan driving circuit SDC may generate a plurality of
light emitting control signals in response to the scan control
signal SCS and may output each of the plurality of light
emitting control signals to a respective light emitting line of
a plurality of light emitting lines EL1 to ELn.

[0046] The plurality of scan signals and the plurality of
light emitting control signals may be outputted from one
scan driving circuit SDC; however, exemplary embodiments
of the present invention are not limited thereto. According to
an exemplary embodiment of the present invention, a plu-
rality of scan driving circuits may each output some of the
plurality of scan signals and some of the plurality of light
emitting control signals. According to an exemplary
embodiment of the present invention, a first driving circuit
generating and outputting a plurality of first scan signals and
a second driving circuit generating and outputting a plurality
of second light emitting control signals different from the
first plurality of first scan signals may be separated from
each other.

[0047] The data driving circuit DDC may receive the data
control signal DCS and the image data D-RGB from the
timing control unit TC. The data driving circuit DDC may
convert the image data D-RGB into data signals and may
output each of the data signals to a respective data line of a
plurality of data lines DL1 to DLm. The data signals may
each be analog voltages corresponding to the grayscale
values of the image data D-RGB.

[0048] The light emitting display panel DP may include a
plurality of scan lines SL1 to SLn, a plurality of light
emitting lines EL1 to ELn, a plurality of data lines DL.1 to
DLm, and a plurality of pixels PX. The plurality of scan
lines SI.1 to SLn may extend in a first direction DR1 and
may be arranged in a second direction DR2 orthogonal to the
first direction DR1. Each of the plurality of light emitting
lines EL1 to ELn may be arranged substantially parallel to
a corresponding scan line among the plurality of scan lines
SL1 to SLn. The plurality of data lines DL1 to DLm may
intersect the plurality of scan lines SL1 to SLn. The plurality
of data lines DL1 to DLm may be insulated from the
plurality of scan lines SL.1 to SLn. Each of the plurality of
pixels PX may be connected to a respective scan line among
the plurality of scan lines SL1 to SLn, a respective light
emitting line among the plurality of light emitting lines EL.1
to ELn, and a respective data line among the plurality of data
lines DL1 to DLm.

[0049] Each of the plurality of pixels PX may receive a
first voltage ELVDD and a second voltage ELVSS having a
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lower level than the first voltage ELVDD. Each of the
plurality of pixels PX may be connected to a power line PL
to which the first voltage ELVDD is applied. Fach of the
plurality of pixels PX may be connected to an initialization
line RL receiving an initialization voltage Vint.

[0050] Each of the plurality of pixels PX may be electri-
cally connected to three scan lines. Referring to FIG. 1, the
pixels of the second pixel row may be connected to the first
to third scan lines SL1 to SL3.

[0051] The display panel DP may include a plurality of
dummy scan lines. The light emitting display panel DP may
include a dummy scan line connected to the pixels PX of the
first pixel row and a dummy scan line connected to the pixels
PX of the nth pixel row. A plurality of pixels (e.g., pixels
arranged in a pixel column) may be connected to one data
line among the plurality of data lines DL1 to DLm and may
be connected to each other. For example, an adjacent two
pixels among the plurality of pixels of a pixel column may
be electrically connected to each other.

[0052] A display device according to an exemplary
embodiment of the present invention is not limited to a
particular type of display device. For example, in a configu-
ration of a pixel driving circuit in a display device according
to an exemplary embodiment of the present invention, signal
lines may be added or omitted, as desired. Additionally, a
connection relationship between a pixel and one or more
scan lines may be changed, as desired.

[0053] The plurality of pixels PX may include red pixels
emitting red light, green pixels emitting green light, and blue
pixels emitting blue light. Each of the plurality of pixels PX
may include a light emitting diode and a pixel driving circuit
controlling the light emission of the light emitting diode. A
light emitting diode of the red pixel, a light emitting diode
of the green pixel, and a light emitting diode of the blue pixel
may each include light emitting layers including different
materials from each other. In an exemplary embodiment of
the present invention, the light emitting diode may be an
organic light emitting diode including an organic light
emitting layer. However, exemplary embodiments of the
present invention are not limited thereto. The light emitting
layer may include an inorganic light emitting material such
as a quantum dot, a quantum rod, or a quantum tube. As an
example, an organic light emitting display panel will be
described in more detail below.

[0054] A pixel driving circuit may include a plurality of
thin film transistors and a capacitor electrically connected to
the plurality of thin film transistors. At least one of the scan
driving circuit SDC and the data driving circuit DDC may
include a plurality of thin film transistors formed through the
same process as the pixel driving circuit.

[0055] The plurality of scan lines SL1 to SLn, the plurality
of light emitting lines EL1 to ELn, the plurality of data lines
DL1 to DLm, the power line PL, the initialization line RL,
the plurality of pixels PX, the scan driving circuit SDC, and
the data driving circuit DDC may be formed on a base
substrate through a plurality of iterations of a photolithog-
raphy process. A plurality of iterations of a deposition
process or a coating process may be performed, and thus a
plurality of insulation layers may be formed on a base
substrate. Each of the plurality of insulation layers may be
a thin film covering substantially the entire display panel DP
(e.g., substantially the entire upper surface of a base sub-
strate SUB described in more detail below with reference to
FIG. 2). Each of the plurality of insulation layers may
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include at least one insulation pattern overlapping at least a
portion of the display panel DP. The insulation layers may
each include an organic layer and/or an inorganic layer. A
sealing layer protecting the plurality of pixels PX may be
disposed on the base substrate SUB.

[0056] FIG. 2A is an equivalent circuit diagram of a pixel
according to an exemplary embodiment of the present
invention. FIG. 2B is a waveform diagram of driving signals
for driving a pixel shown in FIG. 2A.

[0057] Referring to FIG. 2A, an ith pixel PXi may be
connected to the kth data line DU among the plurality of data
lines DL1 to DLm. The ith pixel PXi may be activated in
response to the ith scan signal S1 applied to the ith scan line
SLi.

[0058] The ith pixel PXi may include an organic light
emitting diode OLED and a pixel driving circuit controlling
the organic light emitting diode OLED. As an example, a
pixel driving circuit may include seven thin film transistors
T1 to T7 and one capacitor Cst. As an example, the seven
thin film transistors T1 to T7 are described as N-type thin
film transistors; however, exemplary embodiments of the
present invention are not limited thereto. In an exemplary
embodiment of the present invention, the seven thin film
transistors T1 to T7 may be P-type thin film transistors. As
used herein, the term “transistor” may refer to a thin film
transistor.

[0059] The driving transistor may control a driving current
supplied to the organic light emitting diode OLED. Accord-
ing to an exemplary embodiment of the present invention,
the driving transistor may be a first transistor T1. The output
electrode of the first transistor T1 may be electrically con-
nected to the organic light emitting diode OLED. The output
electrode of the first transistor T1 may be in direct contact
with the anode of the organic light emitting diode OLED or
may be connected to the anode through another transistor.
[0060] The control electrode of the control transistor may
receive a control signal. A control signal applied to the ith
pixel PXi may include the i-1th scan signal Si-1, the ith
scan signal Si, the 1+1th scan signal Si+1, a data signal DK,
and the ith light emitting control signal Ei. According to an
exemplary embodiment of the present invention, the control
transistor may include the second to seventh transistors T2
to T7.

[0061] A node between the output electrode of the fourth
transistor T4 and the control electrode of the first transistor
T1 may be a first node N1 and a node between the seventh
transistor T7 and the capacitor Cst may be a second node N2.
[0062] The first transistor T1 may include an input elec-
trode receiving the first voltage ELVDD via the fifth tran-
sistor T5, a control electrode connected to the first node N1,
and an output electrode. The output electrode of the first
transistor T1 may provide the first voltage ELVDD to the
organic light emitting diode OLED via the sixth transistor
T6. The input electrode of the first transistor T1 may be
connected to the first node N1 via the third transistor T3. The
first transistor T1 may control a driving current supplied to
the organic light emitting diode OLED according to the
potential of the first node N1.

[0063] The second transistor T2 may include an input
electrode connected to the kth data line DLk, a control
electrode connected to the ith scan line SE, and an output
electrode connected to the output electrode of the first
transistor T1. The second transistor T2 may be turned on by
the scan signal Si (e.g., the ith scan signal) applied to the ith
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scan line GLi, and may provide a data signal Dk applied to
the kth data line DLk to the capacitor Cst. The second
transistor T2 may be referred to as a switching transistor.
[0064] The third transistor T3 may include an input elec-
trode connected to the input electrode of the first transistor
T1, a control electrode connected to the ith scan line SLi,
and an output electrode connected to the first node N1. The
third transistor T3 may be turned on in response to the ith
scan signal Si.

[0065] When the second transistor T2 and the third tran-
sistor T3 are turned on, the first transistor T1 may be
connected in a diode form between the second transistor T2
and the third transistor T3. Thus, the second transistor T2
may be connected to the first node N1 via the first transistor
T1 and the third transistor T3.

[0066] The capacitor Cst may be connected between the
first node N1 and the anode of the organic light emitting
diode OLED. The capacitor Cst may store a voltage corre-
sponding to a voltage applied to the first node N1.

[0067] The fourth transistor 14 may include an input
electrode connected to the power line PL, a control electrode
receiving the i-1th scan signal Si-1, and an output electrode
connected to the first node N1. The fourth transistor T4 may
be turned on in response to the i-1th scan signal Si-1. The
control electrode of the fourth transistor T4 may be con-
nected to the i-1th scan line SLi-1. A signal line transmit-
ting the i-1th scan signal Si-1 may be changed to a dummy
signal line.

[0068] The fifth transistor T5 may include an input elec-
trode connected to the power line PL, a control electrode
connected to the ith light emitting line ELi, and an output
electrode connected to the input electrode of the first tran-
sistor T1. The fifth transistor T5 may be turned on in
response to the ith light emitting control signal FEi.

[0069] The sixth transistor T6 may include an input elec-
trode connected to the output electrode of the first transistor
T1, a control electrode connected to the ith light emitting
line ELi, and an output electrode connected to the anode of
the organic light emitting diode OLED. The sixth transistor
T6 may be turned on in response to the ith light emitting
control signal Ei supplied from the ith light emitting line
BLi.

[0070] According to operations of the fifth transistor T5
and the sixth transistor T6, a current path may be formed or
blocked between the power line PL and the organic light
emitting diode OLED. According to an exemplary embodi-
ment of the present invention, one of the fifth transistor T5
or the sixth transistor T6 may be omitted.

[0071] The seventh transistor T7 may include an input
electrode connected to the initialization line RL, a control
electrode receiving the i+1th scan signal Si+1, and an output
electrode connected to the anode of the organic light emit-
ting diode OLED. The control electrode of the seventh
transistor T7 may be connected to the i+1th scan line SLi+1.
A signal line transmitting the i+1th scan signal Si+1 may be
changed to a dummy signal line.

[0072] When the fourth transistor T4 is turned on, the first
node N1 may be reset by the first voltage ELVDD. When the
seventh transistor 17 is turned on, the second node N2 may
be initialized by the initialization voltage Vint. When the
seventh transistor T7 is turned on, the anode of the organic
light emitting diode OLED may be initialized by the initial-
ization voltage Vint. A potential difference between the
initialization voltage Vint and the second voltage ELVES
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applied to the cathode of the organic light emitting diode
OLED may be less than a light emitting threshold voltage of
the organic light emitting diode OLED.

[0073] Referring to FIGS. 2A and 2B, an operation of the
ith pixel PXi will be described in more detail below. The
organic light emitting display panel DP may display an
image at each frame section. During each frame section, a
plurality of scan signals may be sequentially scanned from
a plurality of scan lines SL1 to SLn. FIG. 2B illustrates a
portion of one frame section.

[0074] The i-1th scan signal Si-1 may be activated during
a first initialization section RP1. In an exemplary embodi-
ment of the present invention, when signals described with
reference to FIG. 2A have a high level, the scan signals may
be activated. A high level of signal described with reference
to FIG. 2B may be a turn-on voltage of a transistor to which
corresponding signals are applied.

[0075] As the fourth transistor T4 is turned on by the i-1th
scan signal Si-1, the first voltage ELVDD may be applied to
the first node N1. The ith scan signal Si may be activated
during a data write section DIP defined after a first initial-
ization section RP1. When the second transistor T2 and the
third transistor T3 are turned on by the activated ith scan
signal Si during the data write section DIP, the first transistor
T1 may be diode-connected between the second transistor
T2 and the third transistor T3.

[0076] The data signal Dk may be supplied to the kth data
line DLk during the data write section DIP. The data signal
Dk may be provided to the first node N1 via the second
transistor T2, the first transistor T1, and the third transistor
T3. At this point, since the second transistor T2 is in a
diode-connected state, a voltage difference between the data
signal Dk and a threshold voltage of the second transistor T2
may be provided to the first node N1. During the data write
section DIP, a voltage difference between the first node N1
and the second node N2 may be stored in the capacitor Cst.
The second node N2 may be initialized by the initialization
voltage Vint in a previous frame.

[0077] The ith light emitting control signal Ei deactivated
during the first initialization section RP1 and the data write
section DIP may be activated during a light emitting section
EP defined after the data write section DIP. The fifth
transistor T5 and the sixth transistor T6 may be turned on by
the ith light emitting control signal Ei, and a voltage charged
in the capacitor Cst may be applied to the control electrode
of the first transistor T1.

[0078] A current path may be formed by the ith light
emitting control signal Ei between the power line PL and the
organic light emitting diode OLED. Thus, the organic light
emitting diode OLED may emit light during the light
emitting section IP. The organic light emitting diode OLED
may emit light with a brightness corresponding to a voltage
charged to the capacitor Cst.

[0079] The ith scan signal Si may be activated during a
second initialization section RP2 defined after the light
emitting section ER As the seventh transistor T7 is turned on
by the i+1th scan signal Si+1, the initialization voltage Vint
may be applied to the second node N2 and the anode of the
organic light emitting diode OLED may be initialized by the
initialization voltage Vint. The organic light emitting diode
OLED may stop emitting light by the second initialization
section RP2.

[0080] Referring to FIG. 2B, as an example, predeter-
mined delay sections may exist between the first initializa-
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tion section RP1, the data write section DIP, the light
emitting section EP, and the second initialization section
RP2; however, exemplary embodiments of the present
invention are not limited thereto. In an exemplary embodi-
ment of the present invention, the first initialization section
RP1, the data write section DIP, the light emitting section
EP, and the second initialization section RP2 may be con-
tinuous and might not include any delays therebetween.
[0081] Although a pixel PXi according to an exemplary
embodiment of the present invention t is described with
reference to FIGS. 2A and 2B, exemplary embodiments of
the present invention are not limited thereto. The pixel PXi
may include an organic light emitting diode and a switching
transistor, a driving transistor, and a capacitor, as a driving
circuit driving the organic light emitting diode. A pixel
circuit is not limited to a particular arrangement. Although
a control transistor including six transistors is described
herein as an example, exemplary embodiments of the pres-
ent invention are not limited thereto, and a control transistor
may include less than or more than six thin film transistors.
[0082] FIG. 3 is a cross-sectional view of a display device
corresponding to a pixel according to an exemplary embodi-
ment of the present invention.

[0083] FIG. 3 illustrates a cross-section of a pixel includ-
ing the first transistor T1, the second transistor T2, the sixth
transistor T6, and the organic light emitting diode OLED of
the equivalent circuit described with reference to FIG. 2A.
[0084] Referring to FIG. 3, the first transistor T1, the
second transistor T2, the sixth transistor T6, and the organic
light emitting diode OLED may be disposed above an upper
surface of the base substrate SUB. The upper surface of the
base substrate SUB may extend along the first direction DR1
(see, e.g., FIG. 1) and the second direction DR2. The base
substrate SUB may include a plastic substrate, a glass
substrate, or a metallic substrate. The plastic substrate may
include at least one of acrylic resin, methacrylic resin,
polyisoprene, vinyl resin, epoxy resin, urethane resin, cel-
lulose resin, siloxane-based resin, polyimide-based resin,
polyamide-based resin, or perylene resin.

[0085] Each of the first transistor T1, the second transistor
T2, and the sixth transistor T6 may include an input elec-
trode, an output electrode, a control electrode, and a semi-
conductor pattern. Below, the terms “first,” “second,” and
“sixth” preceding the terms input electrode, output elec-
trode, control electrode, and semiconductor pattern may
refer to the components of the first transistor T1, the second
transistor T2, and the sixth transistor T6, respectively.
[0086] Referring to FIG. 3, as an example, the first tran-
sistor T1, the second transistor T2, and the sixth transistor T6
may be spaced apart from each other in the first direction
DR1; however, exemplary embodiments of the present
invention are not limited thereto. For example, when a first
input electrode DE1 and a first output electrode SE1 of the
first transistor are spaced apart from each other in the first
direction DR1, a second input electrode DE2 and a second
output electrode SE2 of the second transistor T2 may be
spaced apart from each other in another direction along the
upper surface of the base substrate SUB interesting the first
direction DR1.

[0087] A buffer layer BFL may be disposed on the upper
surface of the base substrate SUB. The buffer layer BFL may
increase the coupling strength of the base substrate SUB and
conductive patterns or semiconductor patterns. The buffer
layer BFL, may include an inorganic layer. A barrier layer
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may be disposed on the upper surface of the base substrate
SUB. The barrier layer and/or the buffer layer BFL may
reduce or prevent a penetration of foreign materials. The
buffer layer BFL and the barrier layer may be included or
omitted, as desired. Light shielding patterns overlapping a
first control electrode GE1, a second control electrode GE2,
and a sixth control electrode GE6 may be disposed between
the base substrate SUB and the buffer layer BFL.

[0088] A first semiconductor pattern OSP1 and a sixth
semiconductor pattern OSP6 may be disposed on the buffer
layer BFL. Each of the first semiconductor pattern OSP1 and
the sixth semiconductor pattern OSP6 may include polysili-
con. However, exemplary embodiments of the present
invention are not limited thereto, and each of the first
semiconductor pattern OSP1 and the sixth semiconductor
pattern OSP6 may include amorphous silicon.

[0089] Each of the first semiconductor pattern OSP1 and
the sixth semiconductor pattern OSP6 may include an input
area, an output area, and a channel area defined between the
input area and the output area. Channel areas of the first
semiconductor pattern OSP1 and the sixth semiconductor
pattern OSP6 may be defined in positions corresponding to
the first control electrode GE1 and the sixth control elec-
trode GE6. The input area and the output area may be doped
with a dopant and thus the input area and the output area may
each have a relatively high conductivity compared to the
channel area. The input area and the output area may be
doped with an n-type dopant.

[0090] A first insulation layer 10 (e.g., a first interlayer
insulation layer) may be disposed on the buffer layer BFL.
The first interlayer insulation layer 10 may overlap the
plurality of pixels PX and may substantially cover the first
semiconductor pattern OSP1 and the sixth semiconductor
pattern OSP6. The first interlayer insulation layer 10 may be
an inorganic layer or an organic layer and may have a single
layer structure or multilayer structure. The first interlayer
insulation layer 10 may include at least one of aluminum
oxide, titanium oxide, silicon oxide, silicon oxynitride,
zirconium oxide, or hafnium oxide,

[0091] The first control electrode GE1, the second control
electrode GE2, the sixth control electrode GE6, and a first
electrode E1 of'the capacitor Cst may be disposed on the first
interlayer insulation layer 10. The first control electrode
GE1 and the sixth control electrode GE6 may overlap the
channel area of the first semiconductor pattern OSP1 and the
channel area of the sixth semiconductor pattern OSP6,
respectively. The first electrode E1 may be connected to the
first control electrode GE1.

[0092] A second insulation layer 20 (e.g., a second inter-
layer insulation layer) substantially covering the first control
electrode GE1, the second control electrode GE2, the sixth
control electrode GE6, and the first electrode E1 may be
disposed on the first interlayer insulation layer 10. The
second interlayer insulation layer 20 may commonly overlap
each of the plurality of pixels PX. The second interlayer
insulation layer 20 may be an inorganic layer or an organic
layer and may have a single layer or multilayer structure.
The second interlayer insulation layer 20 may include at
least one of aluminum oxide, titanium oxide, silicon oxide,
silicon oxynitride, zirconium oxide, or hafnium oxide. The
second interlayer insulation layer 20 may include silicon
nitride, and may be a layer having a relatively high dielectric
constant relative to a thickness of the layer. Thus, the
capacitance of the capacitor Cst may be increased.
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[0093] A second semiconductor pattern OSP2 and a sec-
ond electrode E2 of the capacitor Cst may be disposed on the
second interlayer insulation layer 20. The second semicon-
ductor pattern OSP2 may include an oxide semiconductor.
The oxide semiconductor may include ITO, IGZO, ZnQ,
1Zn0, 710, InO, TiO, IZTO, or ZTO.

[0094] The second semiconductor pattern OSP2 may
include a crystalline oxide semiconductor. The crystalline
oxide semiconductor may be crystallized in a vertical direc-
tion DR3. Referring to FIG. 3, the vertical direction DR3
may be a third direction DR3, which may refer to a normal
direction of the upper surface of the base substrate SUB. A
vertical crystalline oxide semiconductor may be defined as
an oxide semiconductor having a growth axis of the normal
direction of a channel. The vertical crystalline oxide semi-
conductor may be defined as a c-axis aligned crystal oxide
semiconductor. The second semiconductor pattern OSP2
may be partially crystallized. Thus, the second semiconduc-
tor pattern OSP2 may include an amorphous oxide semi-
conductor.

[0095] Conductive patterns may be disposed on the second
interlayer insulation layer 20. The conductive patterns may
be formed through the same process as the second electrode
E2. As an example, the conductive patterns may include the
same material and may have substantially the same layered
structure as the second electrode E2.

[0096] The conductive patterns may include a lower por-
tion DE2-P1 of the second input electrode DE2 and a lower
portion SE2-PI of the second output electrode SE2. The
lower portion DE2-P1 of the second input electrode DE2
and the lower portion SE2-P1 of the second output electrode
SE2 may be in direct contact with an upper surface of the
second semiconductor pattern OSP2. Each of the lower
portion DE2-P1 of the second input electrode DE2 and the
lower portion SE2-P1 of the second output electrode SE2
may include a portion overlapping the second semiconduc-
tor pattern OSP2 and a portion not overlapping the second
semiconductor pattern OSP2 on a plane. The portion not
overlapping the second semiconductor pattern OSP2 may be
in direct contact with the second interlayer insulation layer
20.

[0097] An ohmic contact may be defined in areas that
contact the lower portion DE2-P1 of the second input
electrode DE2 and the lower portion SE2-P1 of the second
output electrode SE2 of the second semiconductor pattern
OSP2. An area exposed to the lower portion DE2-P1 of the
second input electrode DE2 and the lower portion SE2-P1 of
the second output electrode SE2 of the second semiconduc-
tor pattern OSP2 may be defined as a channel area. The
second. semiconductor pattern OSP2 may include a channel
area disposed between an input area and an output area, and
each of the input area and the output area may be doped with
an n-type dopant, The lower portion DE2-P1 of the second
input electrode DE2 and the lower portion SE2-P1 of the
second output electrode SE2 may control the channel length
and channel width of the second transistor T2.

[0098] One conductive pattern CP among the conductive
patterns may overlap the first control electrode GE1. The
one conductive pattern CP may be connected to the second
electrode E2.

[0099] A third insulation layer 30 (e.g., an upper insulation
layer) may be disposed on the second interlayer insulation
layer 20. The upper insulation layer 30 may have a single
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layer structure or a multilayer structure. The upper insulation
layer 30 may include an organic layer and/or an inorganic
layer.

[0100] At least one upper insulation layer 30 may include
at least one of aluminum oxide, titanium oxide, silicon
oxide, silicon oxynitride, zirconium oxide, or hafnium oxide
as an inorganic layer. When an inorganic layer substantially
covers the exposed channel area of the second semiconduc-
tor pattern OSP2, damage to the channel of the second
semiconductor pattern OSP2 (e.g., due to exposure to an
organic material) may be reduced or prevented.

[0101] The upper insulation layer 30 may have a greater
thickness compared to the first interlayer insulation layer 10
and the second interlayer insulation layer 20. Thus, an
interference of the data line and the second control electrode
GE2 may be prevented. The upper insulation layer 30 may
provide a relatively flat upper surface compared to the first
interlayer insulation layer 10 and the second interlayer
insulation layer 20.

[0102] The first input electrode the first output electrode
SE1, the second input electrode DE2, the second output
electrode SE2, the data line DLk, an upper portion DE2-P2
of the second input electrode DE2, and an upper portion
SE2-P2 of the second output electrode SE2 may be disposed
on the upper insulation layer 30. Through a first contact hole
CH1 and a second contact hole CH2 that respectively expose
the input area and the output area of the first semiconductor
pattern OSP1, the first input electrode DE1 and the first
output electrode. SE1 may be connected to the first semi-
conductor pattern OSP1. Through a fifth contact hole CH5
and a sixth contact hole CH6 that respectively expose the
input area and the output area of the sixth semiconductor
pattern OSP6, the sixth input electrode DE6 and the sixth
output electrode SE6 may be connected to the sixth semi-
conductor pattern OSP6. The first contact hole CHI, the
second contact hole CH2, the fifth contact hole CH5, and the
sixth contact hole CH6 may penetrate the first interlayer
insulation layer 10, the second interlayer insulation layer 20,
and the upper insulation layer 30. The first output electrode
SE1 and the sixth input electrode DE6 may be connected to
the upper insulation layer 30.

[0103] Through a third contact hole CH3 and a fourth
contact hole CH4 that respectively expose the lower portion
DE2-P1 of the second input electrode DE2 and the lower
portion SE2-P1 of the second output electrode SE2, the
upper portion DE2-P2 of the second input electrode DE2
and the upper portion SE2-P2 of the second output electrode
SE2 may be respectively connected to the lower portion
DE2-P1 of the second input electrode DE2 and the lower
portion SE2-P1 of the second output electrode SE2. The
third contact hole CH3 and the fourth contact hole CH4 may
penetrate the upper insulation layer 30.

[0104] A pixel definition layer PDL and an organic light
emitting diode OLED may be disposed on the upper insu-
lation layer 30. As an example, the pixel definition layer
PDL and the organic light emitting diode OLED may be in
direct contact with the upper insulation layer 30, which may
be a single layer; however, exemplary embodiments of the
present invention are not limited thereto. As an example, an
organic layer may be disposed on the upper insulation layer

[0105] An anode AE may be disposed on the upper
insulation layer 30. The anode AE may be directly connected

Oct. 24, 2019

to the sixth output electrode. An opening part OP of the pixel
definition layer PDL may expose at least a part of the anode
AE.

[0106] The opening part OP of the pixel definition layer
PDL may define a light emitting area PXA of the pixel PXi.
For example, the plurality of pixels PX may be arranged on
the plane of the display panel DP to have a predetermined
configuration. An area where the plurality of pixels PX is
disposed may be defined as a pixel area and one pixel area
may include the light emitting area PXA and a non-light
emitting area NPXA adjacent to the light emitting area PXA.
The non-light emitting area NPXA may substantially sur-
round the light emitting area PXA.

[0107] A hole control layer HCL may be disposed in the
light emitting area PXA and the non-light emitting area
NPXA. A layer, such as a hole control layer HCL, may be
positioned in each of the plurality of pixels PX. The hole
control layer HCL may include a hole transport layer and a
hole injection layer.

[0108] An organic light emitting layer EML may be dis-
posed on the hole control layer HCL. The organic light
emitting layer EML may be disposed in an area correspond-
ing to the opening part OP. As an example, an organic light
emitting layer EML may be positioned in each of the
plurality of pixels PX.

[0109] An electronic control layer ECL may be disposed
on the organic light emitting layer EML. The electron
control layer ECL may include an electron transport layer
and an electron injection layer. A cathode CE may be
disposed on the electronic control layer ECL. A cathode CE
may be positioned in each of the plurality of pixels PX.
[0110] A thin film sealing layer TFE may be disposed on
the cathode CE. A thin film sealing layer THE may be
positioned in each of the plurality of pixels PX. The thin film
sealing layer TFE may include at least two inorganic layers
and an organic layer therebetween. The thin film sealing
layer TFE may include a plurality of inorganic layers and a
plurality of organic layers, which may be alternatively and
repeatedly stacked.

[0111] An organic light emitting layer EML may be posi-
tioned in each of the plurality of pixels PX. The organic light
emitting layer EML may generate white light. The organic
light emitting layer EML may have a multilayer structure.
[0112] According to an exemplary embodiment of the
present invention, the thin film sealing layer TFE may
substantially cover the cathode CE and may be in direct
contact with the cathode CE. According to an exemplary
embodiment of the present invention, a capping layer may
substantially the cathode CE. The thin film sealing layer
TFE may substantially cover the capping layer, and may be
in direct contact with the capping layer.

[0113] Referring to FIG. 3, the first transistor T1 and the
sixth transistor T6 may include a polysilicon semiconductor,
and thus the first transistor T1 and the sixth transistor T6
may have relatively high electron mobility. The second
interlayer insulation layer 20, which maybe a gate insulation
layer in the second transistor T2, may be relatively thin, and
thus a turn-on current speed and reliability of the second
transistor T2 may be increased. The upper insulation layer
30 may be relatively thick, and thus a signal interference by
the data line DLk may be reduced or eliminated.

[0114] FIG. 4 is an equivalent circuit diagram of a pixel
according to an exemplary embodiment of the present
invention. FIG. 5 is a cross-sectional view of a display
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device corresponding to a pixel according to an exemplary
embodiment of the present invention.

[0115] The pixel PXi may include an organic light emit-
ting diode OLED as a display element. The organic light
emitting diode OLED may be a front light-emitting-type
diode or a rear-light-emitting-type diode. The pixel may
include the first transistor T1 (e.g., a driving transistor), the
second transistor T2 (e.g., a switching transistor), and the
capacitor Cst, which may be a driving circuit driving the
organic light emitting diode OLED.

[0116] The second transistor T2 may output a data signal
applied to the loth data line DLk in response to a scan signal
applied to the ith scan signal SLi. The capacitor Cst may
store s a voltage corresponding to a data signal received
from the second transistor T2.

[0117] The first transistor T1 may control a driving current
flowing through the organic light emitting diode OLED in
correspondence to a charge (e.g., voltage) amount stored in
the capacitor Cst. The organic light emitting device OLED
may emit light during a turn-on section of the first transistor
T1.

[0118] Referring to FIG. 5, a connection relationship
between the first transistor T1 and the organic light emitting
device OLED may be different than in the display device
described with reference to FIG. 3. The first transistor T1
may be indirectly connected to the anode AE via the sixth
transistor 16, as described with reference to FI1G. 3; however,
the output electrode SE1 of the first transistor T1 may be
directly connected to the anode AE in the organic light
emitting device OLED described with reference to FIG. 5.
[0119] As described with reference to FIGS. 2A to 5, a
configuration of a driving circuit in a pixel may be modified,
as desired. However, even if a configuration of a driving
circuit in a pixel is modified, the sectional structures of the
first transistor T1, the second transistor T2, and the capacitor
Cst may remain substantially the same.

[0120] FIGS. 6A to 6G are cross-sectional views illustrat-
ing a method of manufacturing a display device according to
an exemplary embodiment of the present invention.

[0121] Although a description is made with reference to
FIG. 5 below, the same description may be substantially
identically applied to the display device described herein
with reference to FIG. 3. However, in relation to the display
device described with reference to FIG. 3, the sixth transis-
tor T6 may be formed through the same process as the first
transistor T1. The third to fifth transistors T3 to T5 and the
seventh transistor T7 described with reference to FIG. 2A
may be formed through the same process as the first tran-
sistor T1 or the sixth transistor T6.

[0122] Referring to FIG. 6A, the buffer layer BFL may be
formed on an upper surface of the base substrate SUB. The
buffer layer BFL may be formed by deposition, coating, or
printing an inorganic material. The first semiconductor pat-
tern OSPI may be formed in a partial area of the buffer layer
BFL. After a semiconductor layer is formed on the entire
upper surface of the buffer layer BFL, it may be patterned
through a photolithography process. The first semiconductor
pattern OSP1 may include polysilicon. As an example, a
crystallization operation may be performed.

[0123] Referring to FIG. 6B, the first interlayer insulation
layer 10 substantially covering the first semiconductor pat-
tern OSP1 may be formed on the buffer layer BFL. The first
interlayer insulation layer 10 may be formed by depositing,
coating, or printing an inorganic material or an organic
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material. The first control electrode GE1 overlapping the
first semiconductor pattern OSP1 and the second control
electrode GE2 not overlapping the first semiconductor pat-
tern OSP1 may be formed on the first interlayer insulation
layer 10.

[0124] After a conductive layer is formed on the first
interlayer insulation layer 10, by patterning the conductive
layer through a photolithography process, the first control
electrode GE1 and the second control electrode GE2 may be
formed. The first control electrode GE1 may be disposed at
the inner side of the first semiconductor pattern OSP1 in the
first direction DR1. The first electrode E1 of the capacitor
Cst may be formed through the same process.

[0125] The first semiconductor pattern OSP1 may be
doped with a dopant. During a doping process, the first
control electrode GE1 may function as a mask. An area (e.g,,
a channel area) overlapping the first control electrode GE1
may be substantially undoped and areas (e.g., an input area
and an output area) on opposite sides of a channel area may
be doped. Doping may be performed by using an n-type
dopant, such as, a pentavalent element.

[0126] Referring to FIG. 6C, a second interlayer insulation
layer 20 covering the first control electrode GE1, the second
control electrode GE2, and the first electrode E1 may be
formed on the first interlayer insulation layer 10. The second
interlayer insulation layer 20 may be formed by depositing
an inorganic material, or depositing, coating, or printing an
organic material.

[0127] A second semiconductor pattern OSP2 may be
formed on the second interlayer insulation layer 20. After a
semiconductor layer is formed on substantially the entire
upper surface of the second interlayer insulation layer 20, it
may be patterned through a photolithography process.
[0128] The second semiconductor pattern OSP2 may
include an oxide semiconductor. The second semiconductor
pattern OSP2 may include an amorphous oxide semicon-
ductor or a crystalline oxide semiconductor. The crystalline
oxide semiconductor may be formed by performing an
additional crystallization process or may be formed by
controlling a process condition for forming an oxide semi-
conductor laver.

[0129] Referring to FIG. 6D, conductive patterns may be
formed on the second interlayer insulation layer 20. After a
conductive layer is formed on the second interlayer insula-
tion layer 20 through a deposition process, a coating process,
or a printing process, it may be patterned through a photo-
lithography process. Thus, a lower portion DE2-P1 of the
second input electrode and a lower portion SE2-P1 of the
second output electrode connected to the second semicon-
ductor pattern OSP2 may be formed. A conductive pattern
CP overlapping the first control electrode GE1 and a second
electrode E2 of the capacitor Cst may be formed substan-
tially simultaneously together with the lower portion DE2-
P1 of the second input electrode.

[0130] Referring to FIG. 6E, an upper insulation layer 30
may be formed on the second interlayer insulation layer 20.
The upper insulation layer 30 may be formed by depositing
an inorganic material, or depositing, coating, or printing an
organic material.

[0131] First to fourth contact holes CH1 to CH4 may be
formed through a photolithography process. The first contact
hole CH1 and the second contact hole CH2 may respectively
expose the input area and the output area of the first
semiconductor pattern OSP1. The first contact hole CH1 and
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the second contact hole CH2 may penetrate the first inter-
layer insulation layer 10, the second interlayer insulation
layer 20, and the upper insulation layer 30. The third contact
hole CH3 and the fourth contact hole CH4 may respectively
expose the input area and the output area of the second
semiconductor pattern OSP2.

[0132] Referring to FIG. 6F, conductive patterns may be
formed on the upper insulation layer 30. After a conductive
layer is formed on the upper insulation layer 30 through a
deposition process, a coating process, or a printing process,
it may be patterned through photolithography process. A first
input electrode DE1 and a first output electrode SE1 respec-
tively connected to the input area and the output area of the
first semiconductor pattern OSP1 via the first contact hole
CH1 and the second contact hole CH2 may be formed. An
upper portion DE2-P2 of the second input electrode DE2
and an upper portion SE2-P2 of the second output electrode
SE2 that are respectively connected to the lower portion
DE2-P1 of the second input electrode and the lower portion
SE2-P1 of the second output electrode via the third contact
hole CH3 and the fourth contact hole CH4 may be formed.
[0133] Referring to FIG. 6G, a pixel definition layer PDL,
an organic light emitting diode OGLED, and a thin film
sealing layer TFE may be formed on the upper insulation
layer 30. An anode AE may be formed on the upper
insulation layer 30. The pixel definition layer PDL having an
opening part that exposes the anode AE may be formed.
Then, a plurality of layers may be formed through a plurality
of iterations of a deposition process, a coating process, or a
printing process. Additionally, a specific layer may be pat-
terned through a photolithography process. Through such
processes, the organic light emitting diode OLED and the
thin film sealing layer TFE may be formed.

[0134] FIG. 7 is a cross-sectional view of a display device
according to an exemplary embodiment of the present
invention. FIGS. 8A to 8F are cross-sectional views illus-
trating a method of manufacturing a display device accord-
ing to an exemplary embodiment of the present invention.
[0135] A method of manufacturing a display device
according to an exemplary embodiment of the present
invention will be described in more detail below with
reference to FIG. 7 and FIGS. 8A to 8F. The method
described below may be substantially the same as the
method described above with reference to FIG. 5 and FIGS.
6A to 6G, and thus duplicative descriptions may be omitted
and differences between the methods may be focused on.
[0136] Referring to FIG. 7, the lower portion DE2-P1 of
the second input electrode DE2 and the lower portion
SE2-P1 of the second output electrode SE2 may be disposed
at the inner side of the second semiconductor pattern OSP2.
The lower portion DE2-P1 of the second input electrode
DE2 and the lower portion SE2-P1 of the second output
electrode SE2 may be spaced apart from each other in the
first direction DR1. The lower portion DE2-P1 of the second
input electrode DE2 and the lower portion SE2-P1 of the
second output electrode SE2 may be disposed at the inner
side of the second semiconductor pattern OSP2 on a plane.
As an example, the lower portion DE2-P1 of the second
input electrode DE2 and the lower portion SE2-P1 of the
second output electrode SE2 may overlap the second semi-
conductor pattern OSP2. The lower portion DE2-P1 of the
second input electrode DE2 and the lower portion SE2-P1 of
the second output electrode SE2 might not be in direct
contact with the second interlayer insulation layer 20.
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[0137] An outer surface P1-S1 of the lower portion DE2-
P1 of the second input electrode DE2 may be aligned with
a first outer surface OSP2-S1 of the second semiconductor
pattern OSP2 and an outer surface P1-S2 of the lower
portion SE2-P1 of the second output electrode SE2 may be
aligned with a second outer surface OSP2-S2 of the second
semiconductor pattern OSP2. As an example, the outer
surface P1-S1 of the lower portion DE2-P1 of the second
input electrode DE2 may be aligned with the first outer
surface OSP2-S1 of the second semiconductor pattern OSP2
and the outer surface P1-S2 of the lower portion SE2-P1 of
the second output electrode SE2 may be aligned with the
second outer surface OSP2-52 of the second semiconductor
pattern OSP2 by being respectively etched through the same
etch processes.

[0138] The first outer surface OSP2-S1 of the second
semiconductor pattern OSP2 and the second outer surface
OSP2-52 of the second semiconductor pattern OSP2 may
face each other in the first direction DR1. The inner surface
of the lower portion DE2-P1 of the second input electrode
DE2 and the inner surface of the lower portion SE2-P1 of the
second output electrode SE2 may be spaced apart from each
other in the first direction DR1. A distance between the inner
surface of the lower portion DE2-P1 of the second input
electrode DE2 and the inner surface of the lower portion
SE2-P1 of the second output electrode SF2 may be substan-
tially identical to the channel length of the second semicon-
ductor pattern OSP2.

[0139] Referring to FIG. 7, a dummy semiconductor pat-
tern OSP-C may be disposed between the second electrode
E2 and the second interlayer insulation layer 20. A dummy
semiconductor pattern OSP-T1 may be disposed between
the conductive pattern CP and the second interlayer insula-
tion layer 20.

[0140] The dummy semiconductor patterns OSP-C and
OSP-T1 and the second semiconductor patterns OSP2 may
include a same semiconductor material. The dummy semi-
conductor patterns OSP-C and OSP-T1 and the second
semiconductor patterns OSP2 may include an oxide semi-
conductor.

[0141] The dummy semiconductor patterns OSP-C and
OSP-T1 and the second semiconductor patterns OSP2 may
be formed through a same process, and thus the dummy
semiconductor patterns OSP-C and OSP-T1 and the second
semiconductor patterns OSP2 may have substantially the
same characteristics as each other. For example, the dummy
semiconductor patterns OSP-C and OSP-T1 and the second
semiconductor patterns OSP2 may include a vertical crys-
talline oxide semiconductor.

[0142] Each of the dummy semiconductor patterns OSP-C
and CUSP-T1 may be a dielectric layer or a conductive
layer. Each of the dummy semiconductor patterns OSP-C
and CUSP-T1 may include a semiconductor material having
a relatively high dielectric constant. Thus, the dummy semi-
conductor patterns OSP-C and OSP-T1 may have a dielec-
tric property. The dummy semiconductor pattern OSP-C
may increase the capacitance of the capacitor Cst.

[0143] The dummy semiconductor patterns CUSP-C and
OSP-T1 and the second semiconductor patterns OSP2 may
be doped with an n-type dopant. Thus, the dummy semi-
conductor patterns OSP-C and OSP-T1 and the second
semiconductor patterns OSP2 may each be electrically con-
ductive. However, the channel area of the second semicon-
ductor pattern OSP2 might not be electrically conductive.
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The dummy semiconductor patterns OSP-C and OSP-T1
and the second semiconductor patterns OSP2 will be
described in more detail below.

[0144] Referring to FIG. 8A, the buffer layer BFL, the first
semiconductor pattern OSP1, the first interlayer insulation
layer 10, the first control electrode GE1, the second control
electrode GE2, the first electrode E1, and the second inter-
layer insulation layer 20 may be formed on the base sub-
strate SUB. The processes described with reference to FIG.
8A may be substantially identical to those described with
reference to FIGS. 6A to 6C, and thus duplicative descrip-
tions may be omitted.

[0145] Referring to FIG. 8B, a semiconductor layer OSL
and a conductive layer ML may be formed on the second
interlayer insulation layer 20. After the forming of the
semiconductor layer OSL, the conductive layer ML may be
directly formed on the semiconductor layer OSL. The semi-
conductor layer OSL may include an oxide semiconductor.
After the forming of the semiconductor layer OSL, a doping
process may be performed. For example, an electrically
conductive semiconductor layer doped with an n-type dop-
ant may be doped on the semiconductor layer OSL.

[0146] The conductive layer ML and the semiconductor
layer OSL may be patterned at substantially the same time.
For example, a half-tone mask MSK may be used as a
patterning mask. The half-tone mask MSK may include a
first light shielding portion ST1 in a position corresponding
to the lower portion DE2-P1 of the second input electrode
DE2, a second light shielding portion ST2 in a position
corresponding to the lower portion SE2-P1 of the second
output electrode SF2, and a semi-transparent portion HT
disposed between the first light shielding portion ST1 and
the second light shielding portion ST2. A plurality of slits
may be defined in the semi-transparent portion HT. The
half-tone mask MSK may include a third light shielding
portion ST3 in a position corresponding to the first control
electrode GE1 and a fourth light shielding portion ST4 in a
position corresponding to the second electrode E2. The
half-tone mask MSK may include a plurality of light trans-
mitting portions MSK-OP configured to transmit light.
[0147] Referring to FIG. 8B and FIG. 8C, when the
conductive layer ML and the semiconductor layer OSL are
patterned at substantially the same time, a second semicon-
ductor pattern OSP2, dummy semiconductor patterns OSP-
T1 and OSP-C, a lower portion DE2-P1 of a second input
electrode DE2, and a lower portion SE2-P1 of a second
output electrode SE2 may be formed on the second insula-
tion layer 20. Each of the lower portion DE2-P1 of the
second input electrode DE2, the lower portion SE2-P1 of the
second output electrode SE2, the conductive pattern CP, and
the second electrode E2 may be disposed on corresponding
semiconductor patterns among the second semiconductor
pattern OSP2 and the dummy semiconductor patterns OSE-
T1 and OSP-C. Thus, each of the lower portion DE2-P1 of
the second input electrode DE2, the lower portion SE2-P1 of
the second output electrode SE2, the conductive pattern CP,
and the second electrode E2 might not be in direct contact
with the second interlayer insulation layer 20.

[0148] A substantially central area of the second semicon-
ductor pattern OSP2 may be exposed by the lower portion
DE2-P1 of the second input electrode DE2 and the lower
portion SE2-P1 of the second output electrode SE2. The
substantially central area may be removed by plasma pro-
cessing thus forming a channel area, and thus electrical
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conductivity of the substantially central area of the second
semiconductor pattern OSP2 may be removed. The exposed
substantially central area of the second semiconductor pat-
tern OSP2 may be deactivated by using N2 gas as plasma
gas PT.

[0149] The plasma processing may be selectively per-
formed, as desired. For example, if the semiconductor layer
OSL is not doped, plasma processing may be omitted.

[0150] Referring to FIGS. 8D to 8F, processes that are
substantially identical to the processes described with ref-
erence to FIGS. 6E to 6G may be performed, and thus
duplicative descriptions may be omitted.

[0151] FIG. 9 is a cross-sectional view of a display device
according to an exemplary embodiment of the present
invention.

[0152] A display device described below with reference to
FIG. 9 may be substantially the same as the display device
described above with reference to FIG. 7, and thus dupli-
cative descriptions may be omitted and differences between
the display devices may be focused on.

[0153] Referring to FIG. 9, a second transistor T2 may
include two control electrodes GE2-1 and GE2-2. The
second transistor T2 may have a double gate structure. One
control electrode GE2-1 (e.g., a lower control electrode) of
two control electrodes GE2-1 and GE2-2 may be disposed
between the first interlayer insulation layer 10 and the
second interlayer insulation layer 20 and the other control
electrode GE2-2 (e.g., an upper control electrode) may be
disposed on the upper insulation layer 30. The lower control
electrode GE2-1 descried with reference to FIG. 9 may be
substantially the same as the second control electrode GE2
described with reference FIG. 7, except where differences
are described between the lower control electrode GE2-1
and the second control electrode GE2. The upper control
electrode GE2-2 may be referred to as a third control
electrode.

[0154] The upper control electrode GE2-2 may be dis-
posed between the upper portion DE2-P2 of the second input
electrode DE2 and the upper portion SE2-P2 of the second
output electrode SE2. The lower control electrode GE2-1
and the upper control electrode GE2-2 may be electrically
connected to each other. Through a contact hole penetrating
the upper insulation layer 30 and the second interlayer
insulation layer 20, two control electrodes GE2-1 and GE2-2
may be connected to each other. The upper insulation layer
30 may be a gate insulation layer similar to the second
interlayer insulation layer 20.

[0155] The upper control electrode GE2-2 and the upper
portion DE2-P2 of the second input electrode DE2 may be
formed at substantially the same time through a process for
forming the upper portion DE2-P2 of the second input
electrode DE2 (see, e.g., FIG. 8E). The upper control
electrode GE2-2 and the upper portion DE2-P2 of the
second input electrode DE2 may include a same material
and may have substantially the same layer structure as each
other.

[0156] The second transistor T2 described above with
reference to FIG. 3 may also include two control electrodes
GE2-1 and GE2-2.

[0157] According to an exemplary embodiment of the
present invention, a second interlayer insulation layer, which
may be a gate insulation layer in a second thin film transis-
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tor, may have a relatively thin thickness. A turn-on current
speed and reliability of the second thin film transistor may
be increased.

[0158] A data line may be disposed on an upper insulation
layer. The upper insulation layer may substantially cover a
channel area of an oxide semiconductor. An additional
inorganic layer for covering the oxide semiconductor may
be omitted.

[0159] While the present invention has been shown and
described with reference to the exemplary embodiments
thereof, it will be apparent to those of ordinary skill in the
art that various changes in form and detail may be made
thereto without departing from the spirit and scope of the
present invention.

What is claimed is:

1. A display device comprising:

a base substrate;

a first transistor above the base substrate and comprising
a first source, a first drain, a first semiconductor pattern
below a first insulation layer, and a first gate above the
first insulation layer and below a second insulation
layer;

a second transistor above the base substrate and compris-
ing a second source, a second drain, a second gate
above the first insulation layer and below the second
insulation layer, and a second semiconductor pattern
above the second insulation layer;

at least one third insulation layer above the second
insulation layer;

a light emitting diode above the at least one third insu-
lation layer and above the second gate; and

a capacitor electrically connected to at least one of the first
transistor or the second transistor,

wherein the capacitor comprises:

a first electrode disposed on a same layer as the gate; and

a second electrode disposed below the first electrode,

wherein the second insulation layer is disposed between
the first electrode and the second electrode.

2. The display device of claim 1, wherein the first semi-
conductor pattern comprises polysilicon semiconductor and
the second semiconductor pattern comprises an oxide semi-
conductor.

3. The display device of claim 2, wherein the oxide
semiconductor comprises vertical crystals.

4. The display device of claim 1, wherein each of the
second source and the second drain comprises:

alower electrode portion in direct contact with the second
semiconductor pattern; and

an upper electrode portion disposed on the at least one
third insulation layer and connected to the lower elec-
trode portion via a first contact hole penetrating the at
least one third. insulation layer.

5. The display device of claim 4, wherein each of the first
source and the first drain is disposed on the at least one third
insulation layer and is connected to the first semiconductor
pattern via a second contact hole penetrating the first insu-
lation layer, the second insulation layer, and the at least one
third insulation layer.

6. The display device of claim 4, wherein the lower
electrode portion of the second source and the lower elec-
trode portion of the second drain are spaced apart from each
other in a first direction on the second semiconductor
pattern, and the lower portion of the second source and the
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lower electrode portion of the second drain are in direct
contact with upper and side surfaces of the second semi-
conductor pattern.

7. The display device of claim 4, wherein a first outer
surface of the lower electrode portion of the second source
is substantially aligned with a first outer surface of the
second semiconductor pattern;

a second outer surface of the lower electrode portion of
the second drain is substantially aligned with a second
outer surface of the second semiconductor pattern.

8. The display device of claim 4, further comprising a
conductive pattern overlapping the first gate and disposed on
the second insulation layer.

9. The display device of claim 8, wherein the conductive
pattern is connected to one of the first and second electrodes
of the capacitor.

10. The display device of claim 8, further comprising a
dummy semiconductor pattern disposed between the con-
ductive pattern and the second insulation layer.

11. The display device of claim 10, wherein the dummy
semiconductor pattern and the second semiconductor pattern
include a same semiconductor material.

12. The display device of claim 10, wherein a portion of
the second semiconductor pattern overlapping the lower
electrode portion is doped with a dopant and the dummy
semiconductor pattern is doped with the same dopant as the
portion of the second semiconductor pattern.

13. The display device of claim 1, further comprising a
dummy semiconductor pattern disposed between the second
electrode and the second insulation layer.

14. The display device of claim 13, wherein the dummy
semiconductor pattern and the second semiconductor pattern
include a same semiconductor material.

15. A display device comprising:

a base substrate;

a first transistor above the base substrate and comprising

a first source, a first drain, a first semiconductor pattern
below a first insulation layer, and a first gate above the
first insulation layer and below a second insulation
layer;

a second transistor above the base substrate and compris-
ing a second source, a second drain, a second gate
above the first insulation layer and below the second
insulation layer, and a second semiconductor pattern
above the second insulation layer;

at least one third insulation layer above the second
insulation layer;

a light emitting diode above the at least one third insu-
lation layer and above the second gate; and

a capacitor electrically connected to at least one of the first
transistor or the second transistor,

wherein the second thin film transistor further comprises
a third gate disposed on the at least one third insulation
layer, and wherein the third gate is electrically con-
nected to the second gate.

16. A display device comprising:

a base substrate;

a first semiconductor pattern above the base substrate;

a first insulation layer disposed on the first semiconductor
pattern;

a first gate disposed on the first insulation layer;

a second gate disposed on the first insulation layer,
wherein the second gate is positioned closer to the base
substrate than the first gate;
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a second insulation layer substantially covering the first
gate and the second gate;

a conductive pattern disposed on the second insulation
layer and overlapping the first gate;

a second semiconductor pattern disposed above the sec-
ond gate on the second insulation layer;

a third insulation layer substantially covering the conduc-
tive pattern and the second semiconductor pattern; and

an organic light emitting diode disposed on the third
insulation layer.

17. The display device of claim 16, wherein a first outer
surface of the second semiconductor pattern is substantially
aligned with a first outer surface of an source disposed on the
second semiconductor pattern, and wherein a second outer
surface of the second semiconductor pattern is substantially
aligned with a second outer surface of an drain disposed on
the second semiconductor pattern.

18. The display device of claim 16, further comprising a
buffer layer disposed on the based substrate.

19. The display device of claim 16, further comprising a
dummy semiconductor pattern disposed between the con-
ductive pattern and the second insulation layer.

20. The display device of claim 19, wherein the dummy
semiconductor pattern and the second semiconductor pattern
include a same semiconductor material.

21. A display device comprising:

a base substrate;

a first transistor above the base substrate and comprising

a first source, a first drain, a first semiconductor pattern
below a first insulation layer, and a first gate above the
first insulation layer and below a second insulation
layer;

a second transistor above the base substrate and compris-
ing a second source, a second drain, a second gate
above the first insulation layer and below the second
insulation layer, and a second semiconductor pattern
above the second insulation layer;

at least one third insulation layer above the second
insulation layer;

a light emitting diode above the at least one third insu-
lation layer and above the second gate; and

a capacitor electrically connected to at least one of the first
transistor or the second transistor;

wherein each of the second source and the second drain
comprises:

a lower portion in direct contact with the second semi-
conductor pattern; and

an upper portion disposed on the at least one third
insulation layer and connected to the lower portion via
a first contact hole penetrating the at least one third
insulation layer, and
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wherein the first semiconductor pattern comprises poly-
silicon semiconductor and the second semiconductor
pattern comprises an oxide semiconductor.

22. The display device of claim 21, wherein each of the
first source and the first drain is disposed on the at least one
third insulation layer and is connected to the first semicon-
ductor pattern via a second contact hole penetrating the first
insulation layer, the second insulation layer, and the at least
one third insulation layer.

23. The display device of claim 21, wherein the capacitor
comprises:

a first electrode disposed on a same layer as the first gate;

and

a second electrode disposed on a same layer as the lower
portion,

wherein the second insulation layer is disposed between
the first electrode and the second electrode.

24. The display device of claim 23, further comprising a
dummy semiconductor pattern disposed between the second
electrode and the second insulation layer.

25. The display device of claim 24, wherein the dummy
semiconductor pattern and the second semiconductor pattern
include a same semiconductor material.

26. The display device of claim 21, wherein the lower
portion of the second source and the lower portion of the
second drain are spaced apart from each other in a first
direction on the second semiconductor pattern, and the
lower portion of the second source and the lower portion of
the second drain are in direct contact with upper and side
surfaces of the second semiconductor pattern.

27. The display device of claim 21, wherein a first outer
surface of the lower portion of the second source is sub-
stantially aligned with a first outer surface of the second
semiconductor pattern;

a second outer surface of the lower portion of the second
drain is substantially aligned with a second outer sur-
face of the second semiconductor pattern.

28. The display device of claim 21, further comprising a
conductive pattern overlapping the first gate and disposed on
the second insulation layer.

29. The display device of claim 28, further comprising a
dummy semiconductor pattern disposed between the con-
ductive pattern and the second insulation layer.

30. The display device of claim 29, wherein the dummy
semiconductor pattern and the second semiconductor pattern
include a same semiconductor material.

31. The display device of claim 29, wherein a portion of
the second semiconductor pattern overlapping the lower
portion is doped with a dopant and the dummy semicon-
ductor pattern is doped with the same dopant as the portion
of the second semiconductor pattern.
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