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PIXEL AND DISPLAY DEVICE HAVING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2017-0017961,
filed on Feb. 9, 2017, and entitled, “Pixel and Display
Device Having the Same,” is incorporated by reference
herein in its entirety.

BACKGROUND

1. Field

[0002] One or more embodiments described herein relate
to a display device and pixel.

2. Description of the Related Art

[0003] An organic light emitting display generates images
based on light emitted from organic light emitting diodes.
Fach organic light emitting diode includes an organic layer
between an anode and a cathode. Light is emitted when
holes from the anode combine with electrons from the
cathode in the organic layer.

[0004] Various factors may adversely affect the perfor-
mance of these displays. One factor relates to differences in
the threshold voltages of pixel driving transistors caused by
manufacturing process variations. This may produce lumi-
nance deviations. In an attempt to solve this problem,
various pixel structures have been developed to compensate
the differences in threshold voltages of driving transistors.
[0005] Additionally, an organic light emitting display may
drive pixels in a simultaneous emission manner in order to
prevent motion blur or other effects. However, when the
pixels have a relatively complicated structure for compen-
sating the threshold voltages of driving transistors or for
being driven in a simultaneous emission manner, it may be
difficult to manufacture displays with high-resolution.

SUMMARY

[0006] In accordance with one or more embodiments, a
display device includes a display panel including a plurality
of pixels; and a panel driver to provide a scan signal to the
pixels via a plurality of scan lines and to provide data signals
to the pixels via a plurality of data lines, wherein each of the
pixels includes: a first transistor including a gate electrode
connected to a first node, a first electrode connected to a first
power source, and a second electrode connected to a second
node; a second transistor including a gate electrode con-
nected to one of the scan lines, a first electrode connected to
the first node, and a second electrode connected to the
second node; an organic light emitting diode including a first
electrode connected to the second node and a second elec-
trode connected to a second power source; a first capacitor
including a first electrode connected to a third power source
and a second electrode connected to the first node; and a
second capacitor including a first electrode connected to one
of the data lines and a second electrode connected to the
second node.

[0007] The panel driver may drive the display panel in a
simultaneous emission manner, each frame including a
non-emission period during which the pixels do not emit
light and an emission period during which the pixels are to
simultaneously emit light, and for each of the pixels, the
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non-emission period sequentially includes a first initializa-
tion period during which the first electrode of the organic
light emitting diode is to be initialized, a second initializa-
tion period during which the gate electrode of the first
transistor is to be initialized, a threshold voltage compen-
sation period during which a diode connection of the first
transistor is to be formed, and a data writing period during
which the data signal is to be provided to the pixel.

[0008] The first transistor may be a n-channel Metal-
Oxide-Semiconductor (nMOS) transistor, a voltage level of
the first power source may correspond to one of a first
voltage level, a second voltage level greater than the first
voltage level, or a third voltage level greater than the second
voltage level, and a voltage level of the third power source
may correspond to one of a fourth voltage level or a fifth
voltage level greater than the fourth voltage level.

[0009] During the first initialization period, the first power
source may have the second voltage level, the third power
source may have the fifth voltage level greater than the
second voltage level, and the scan signal may have an
off-level.

[0010] During the second initialization period, the first
power source may have the second voltage level, the third
power source may have the fifth voltage level, and the scan
signal may have an on-level.

[0011] During the threshold voltage compensation period,
the first power source may have the first voltage level, the
third power source may have the fourth voltage level, and
the scan signal may have an on-level.

[0012] During the data writing period, the first power
source may have the second voltage level, the third power
source may have the fourth voltage level, and the panel
driver may progressively provide the scan signal having an
on-level to the scan lines to program data signals in the
pixels.

[0013] During the emission period, the first power source
may have the third voltage level, the third power source may
have the fifth voltage level, and the scan signal may have an
off-level.

[0014] The first transistor may be a p-channel Metal-
Oxide-Semiconductor (pMOS) transistor, a voltage level of
the first power source may correspond to one of a first
voltage level, a second voltage level greater than the first
voltage level, or a third voltage level greater than the second
voltage level, a voltage level of the third power source may
correspond to one of a fourth voltage level or a fifth voltage
level greater than the fourth voltage level, and a voltage
level of the second power source may correspond to one of
a sixth voltage level or a seventh voltage level greater than
the sixth voltage level.

[0015] During the first initialization period, the first power
source may have the first voltage level, the third power
source may have the fourth voltage level, the second power
source may have the seventh voltage level, and the scan
signal may have an off-level.

[0016] During the second initialization period, the first
power source may have the first voltage level, the third
power source may have the fourth voltage level, the second
power source has the seventh voltage level, and the scan
signal may have an on-level.

[0017] During the threshold voltage compensation period,
the first power source may have the third voltage level, the
third power source may have the fifth voltage level, the
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second power source may have the seventh voltage level,
and the scan signal may have an on-level.

[0018] During the data writing period, the first power
source may have the second voltage level, the third power
source may have the fifth voltage level, the second power
source has the seventh voltage level, and the panel driver
may progressively provide the scan signal having an on-
level to the scan lines to program the data signals in the
pixels.

[0019] During the emission period, the first power source
may have the third voltage level, the third power source may
have the fifth voltage level, the second power source may
have the sixth voltage level, and the scan signal may have an
off-level. The non-emission period may include a third
initialization period between the data writing period and the
emission period, and a voltage level of the third power
source may swing during the third initialization period. The
first transistor and the second transistor may be different
types of metal-oxide-semiconductor (MOS) transistors.
[0020] In accordance with one or more other embodi-
ments, a pixel includes a first transistor including a gate
electrode connected to a first node, a first electrode con-
nected to a first power source, and a second electrode
connected to a second node; a second transistor including a
gate electrode connected to a scan line, a first electrode
connected to the first node, and a second electrode connected
to the second node; an organic light emitting diode including
a first electrode connected to the second node and a second
electrode connected to a second power source; a first capaci-
tor including a first electrode connected to a third power
source and a second electrode connected to the first node;
and a second capacitor including a first electrode connected
to a data line and a second electrode connected to the second
node. The first transistor and the second transistor may be
different types of metal-oxide-semiconductor (MOS) tran-
sistors.

[0021] In accordance with one or more other embodi-
ments, a pixel includes a first transistor including a gate
electrode connected to a first node, a first electrode con-
nected to a first power source, and a second electrode
connected to a second node; a second transistor including a
gate electrode connected to a first scan line, a first electrode
connected to a first node, and a second electrode connected
to a third node; a third transistor including a gate electrode
connected to a second scan line, a first electrode connected
to the third node, and a second electrode connected to the
second node; an organic light emitting diode including a first
electrode connected to the second node and a second elec-
trode connected to a second power source; a first capacitor
including a first electrode connected to a third power source
and a second electrode connected to the first node; and a
second capacitor including a first electrode connected to a
data line and a second electrode connected to the third node.
The second transistor is a low temperature poly silicon
(LTPS) thin film transistor, and the third transistor is an
oxide thin film transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0023] FIG. 1 illustrates an embodiment of a display
device;
[0024] FIG. 2 illustrates an embodiment of a pixel;
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[0025] FIGS. 3 and 4 illustrate an embodiment of signals
for driving pixels in a simultaneous emission manner;

[0026] FIGS. 5 to 7 illustrate embodiments of pixel cir-
cuits;

[0027] FIG. 8 illustrates another embodiment of a pixel
circuit;

[0028] FIG. 9 illustrates another embodiment of a pixel
circuits;

[0029] FIG. 10 illustrates an embodiment of signals for

driving pixels in a sinultaneous emission manner;
[0030] FIG. 11 illustrates another embodiment of a pixel;

[0031] FIGS. 12 and 13 illustrate embodiments for driving
pixels in a simultaneous emission manner; and

[0032] FIGS. 14 to 16 illustrate additional embodiments of
a pixel.

DETAILED DESCRIPTION
[0033] Example embodiments are described with refer-

ence to the drawings; however, they may be embodied in
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will convey exemplary implementations to
those skilled in the art. The embodiments (or portions
thereof) may be combined to form additional embodiments
[0034] In the drawings, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred
to as being “on” another layer or substrate, it can be directly
on the other layer or substrate, or intervening layers may
also be present. Further, it will be understood that when a
layer 1s referred to as being “under” another layer, it can be
directly under, and one or more intervening layers may also
be present. In addition, it will also be understood that when
a layer is referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0035] When an element is referred to as being “con-
nected” or “coupled” to another element, it can be directly
connected or coupled to the another element or be indirectly
connected or coupled to the another element with one or
more intervening elements interposed therebetween. In addi-
tion, when an element is referred to as “including” a
component, this indicates that the element may further
include another component instead of excluding another
component unless there is different disclosure.

[0036] FIG. 1 illustrates an embodiment of a display
device 1000 which may include a display panel 100 having
a plurality of pixels PX and a panel driver for driving the
display panel 100. The panel driver may drive the display
panel 100 in a simultaneous emission manner. Each frame of
the simultaneous emission manner may include a non-
emission period (during which the pixels PX do not emit
light) and an emission period (during which the pixels PX
simultaneously emit light).

[0037] The display panel 100 may include the plurality of
pixel PX to display an image. For example, the display panel
100 may include n*m pixels PX at locations corresponding
to crossing points of the scan lines SL1 through SLn and the
data lines DL1 through DLm, where n and m are integers
greater than 1. The pixel PX may be connected to first and
third power sources (ELVDD and VINT), one or both of
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which have voltage levels that change in each frame and
which may be driven in the simultaneous emission manner.
[0038] In one example embodiment, the panel driver may
include a scan driver 200, a data driver 300, a power supply
400, and a timing controller 500. The scan driver 200 may
provide a scan signal to the pixels PX, via the scan lines SL.1
through SLn, based on a first control signal CTL1.

[0039] The data driver 300 may convert digital image data
to analog-type data signals. The data signals are supplied to
the pixels PX, via the data lines DL1 through DLm, based
on a second control signal CTL2.

[0040] The power supply 400 may provide the first power
source ELVDD, the second power source ELVSS, and the
third power source VINT to the pixels PX based on a third
control signal CNT3. One or more of the first power source
ELVDD, the second power source ELVSS, and the third
power source VINT have voltage levels that change in each
frame. For example, the power supply 400 may provide a
DC-DC converter with switches. The DC-DC converter
generates output voltages having various voltage levels from
an input voltage (e.g., a battery voltage). The switches select
output voltages based on the third control signal CNT3 to set
the voltage levels of the first, second, and/or third power
sources ELVDD, ELVSS, and VINT.

[0041] The timing controller 500 may control the scan
driver 200, the data driver 300, and the power supply 400.
For example, the timing controller 500 may receive control
signal CNT from an external device (e.g., a system board).
The timing controller 500 may generate the first through
third control signals CTL1 through CTL3 to control the scan
driver 200, the data driver 300, and the power supply 400.
The first control signal CTL1 for controlling the scan driver
200 may include a scan start signal, a scan clock signal, etc.
The second control signal CTL2 for controlling the data
driver 300 may include a horizontal start signal, a load
signal, image data, etc. The third control signal CTL3 for
controlling the power supply 400 may include a switch
control signal for controlling voltage levels of the first power
source ELVDD, the second power source ELVSS, and/or the
third power source VINT, etc. The timing controller 500
may generate digital image data to meet the operating
conditions of the display panel 100 and based on the input
image data. The generated image data is then provided to the
data driver 300.

[0042] The display device 1000 may compensate the
threshold voltage of the driving transistor and drive the
pixels in the simultaneous emission manner to improve the
display quality. In one embodiment, a head-mounted display
system may be mounted on the head of a user, may enlarge
an image (e.g., an image displayed on the display panel)
using lens, and may provide the image direct to eyes of the
user. In the head-mounted display system, when the display
panel is driven in a progressive emission manner in which
the pixels progressively emit light, motion blur may be
recognized by the user. To solve this problem, the display
device 1000 may drive the pixels (having relatively simple
structures) in a simultaneous emission manner. Thus, a
high-resolution display device may be realized and display
quality may be improved.

[0043] FIG. 2 illustrates an embodiment of a pixel PXA,
which may be representative of the pixels in the display
device 1000 in FIG. 1. Referring to FIG. 2, the pixel PXA
may include a first transistor T1, a second transistor T2, a
first capacitor Cst, a second capacitor Cpr, and an organic
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light emitting diode (OLED). The pixel PXA may be located
at the (i)th pixel row and the (j)th pixel column, where 1 is
between 1 and n and j is between 1 and m. In one example
embodiment, the first transistor T1 and the second transistor
T2 may be n-channel Metal-Oxide-Semiconductor (nMOS)
transistors.

[0044] The first transistor T1 may be a driving transistor.
In one example embodiment, the first transistor T1 may
include a gate electrode connected to the first node N1, a first
electrode connected to a first power source ELVDD, and a
second electrode connected to the second node N2.

[0045] The second transistor T2 may connect the gate
electrode of the first transistor T1 to the second electrode of
the first transistor T1 based on the scan signal S[i]. Thus, the
second transistor T2 may form a diode connection of the first
transistor T1. In one example embodiment, the second
transistor T2 may include a gate electrode to receive the (i)th
scan signal S[i] from the (i)th scan line, a first electrode
connected to the first node N1, and a second electrode
connected to the second node N2.

[0046] The first transistor T1 and the second transistor T2
may be low temperature poly silicon (LTPS) thin film
transistors (TFTs), oxide TFTs, or another type of transistor.
In one embodiment, the first transistor T1 may be the LTPS
TFT, and the second transistor T2 may be the oxide TFT.
[0047] The first capacitor Cst may be between a third
power source VINT and a first node N1. The third power
VINT may be the initialization power source for initializing
the driving transistor and/or the OLED of the pixels. For
example, the third power VINT may have voltage levels for
initializing the first electrode of OLED, the gate electrode of
the first transistor T1, etc., in the initialization period. Also,
the third power VINT may have voltage levels for providing
the driving current to the OLED in the emission period. In
one example embodiment, the first capacitor Cst may
include a first electrode connected to the third power source
VINT and a second electrode connected to the first node N1.
[0048] The second capacitor Cpr may be between the (j)th
data line and the second node N2. In one example embodi-
ment, the second capacitor Cpr may include a first electrode
to receive the data signal D[j] from the (j)th data line and a
second electrode connected to the second node N2.

[0049] The OLED may emit light based on driving current
flowing from the first transistor T1. In one example embodi-
ment, the OLED may include a first electrode connected to
the second node N2 and a second electrode connected to the
second power source ELVSS. For example, the OLED may
further include diode capacitor connected in parallel with the
organic light emitting diode OLED. For example, the diode
capacitor may be a parasitic capacitor.

[0050] FIGS. 3 and 4 illustrate embodiments of signals for
driving the pixel PXA in FIG. 2 in a simultaneous emission
manner. Referring to FIGS. 2 to 4, the panel driver may drive
the display panel in the simultaneous emission manner. Each
frame for driving pixels in a simultaneous emission manner
may include a non-emission period PA1 through PA4 (dur-
ing which the pixels do not emit light) and an emission
period PA5 (during which the pixels simultaneously emit
light). The non-emission period may sequentially include a
first initialization period PA1 during which the first electrode
of the OLED is initialized and a second initialization period
PA2 during which the gate electrode of the first transistor T1
is initialized, a threshold voltage compensation period PA3
during which a diode connection of the first transistor T1 is
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formed, and a data writing period PA4 during which the data
signal is provided to the pixel.

[0051] The pixels may be connected to the first power
source ELVDD and the third power source VINT, one or
both of which have voltage levels that change in each frame
(e.g., AC power sources). For example, the voltage level of
the first power source ELVDD may correspond to one of a
first voltage level ELVDD_L, a second voltage level
ELVDD_M greater than the first voltage level ELVDD_L, or
a third voltage level ELVDD_H greater than the second
voltage level ELVDD_M. The voltage level of the third
power source VINT may correspond to one of a fourth
voltage level VINT L or a fifth voltage level VINT_H
greater than the fourth voltage level VINT_L. A voltage
level of the second power source ELVSS may be maintained
constantly. For example, the second power source ELVSS
may have a ground voltage level GND. In addition, a
reference voltage VREF may be applied to the data lines
except in the data writing period PA4. The data signal
voltages represent grayscales (e.g., voltages between a black
color voltage BLACK and a white color voltage WHITE)
are applied to the data lines in the data writing period PA4.

[0052] Referring to FIG. 3, during the first initialization
period PA1, the first power source ELVDD may have the
second voltage level ELVDD_M. The third power source
VINT may have the fifth voltage level VINT_H which is
greater than the second voltage level ELVDD_M. The scan
signal S[i] may have an off-level. Accordingly, current may
flow from the second node N2 to the first power source
ELVDD via the first transistor T1. Then, a voltage V_N2 of
the second node N2 may be set to the second voltage level
ELVDD_M. Thus, a voltage of the first electrode of the
OLED may be initialized.

[0053] During the second initialization period PA2, the
first power source ELVDD may have the second voltage
level ELVDD_M. The third power source VINT may have
the fifth voltage level VINT_H. The scan signal S[i] may
have an on-level. When the gate electrode and the second
electrode of the first transistor T1 are connected to each
other by the second transistor T2, the first transistor T1 is
placed in a diode-connected state. Therefore, a voltage
V_N1 of the first node and a voltage V_N2 of the second
node may correspond to a voltage which corresponds to a
sum of the threshold voltage Vth of the first transistor T1 and
the second voltage level ELVDD_M (e.g., ELVDD_M+
Vth). Thus, the voltage of the first electrode of the OLED
and the voltage of the gate electrode of the first transistor T1
may be initialized.

[0054] During the threshold voltage compensation period
PA3, the first power source ELVDD may have the first
voltage level ELVDD_L. The third power source VINT may
have the fourth voltage level VINT_L. The scan signal S[i]
may have an on-level. Accordingly, the first transistor T1
may be placed in a diode-connected state. The voltage V_N1
of the first node and the voltage V_N2 of the second node
may correspond to a voltage that corresponds to the sum of
the threshold voltage Vth of the first transistor T1 and the
first voltage level ELVDD_L (e.g., ELVDD_L+Vth).

[0055] During the data writing period PA4, the first power
source ELVDD may have the third voltage level ELVDD_H.
The third power source VINT may have the fourth voltage
level VINT_L. The panel driver may progressively provide
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the scan signals S[1] through S[n] having an on-level to the
scan lines. Thus, data signals D[j] are programmed in the
pixels.

[0056] At the start time point of the data writing period
PA4 (e.g., at the first time point), quantities of electric charge
of the first capacitor Cst, the second capacitor Cpr, and the
capacitor of the OLED (e.g., diode capacitor) in the first
pixel at the (i)th pixel row and the (j)th pixel column may be
calculated based on Equations 1 to Equation 3.

Ost1=(ELVDD_L+Vth-VINT _L)*Cst 1)
Opr1=(ELVDD_L+Vth-Vref)*Cpr 2
Qoled| =(ELVDD_L+Vth-ELVSS)* Coled (3)

where Qstl, Qprl, Qoledl respectively indicate the quantity
of electric charge of the first capacitor, the second capacitor,
and the capacitor of the OLED at the first time point.
ELVDD_L indicates the first voltage level of the first power
source, Vth indicates the threshold voltage of the first
transistor, VINT_L indicates the fourth voltage level of the
third power source. Vref indicates the reference voltage,
ELVSS indicates the voltage level of the second power
source, Cst, Cpr, Coled indicate respectively capacitance of
the first capacitor, the second capacitor, and the capacitor of
the OLED.

[0057] Immediately after the scan signal S[i] having an
on-level is provided to the (i)th pixel row in the data writing
period PA4 (e.g., at the second time point), quantities of
electric charge of the first capacitor Cst, the second capacitor
Cpr, and the capacitor of the OLED in the first pixel at the
(Dth pixel row and the (j)th pixel column may be calculated
based on Equation 4 to Equation 6.

Osi2=(Vgate-VINT _L)*Cst (4)
Opr2=(Vgate—Vdata(i7))*Cpr (5)
Qoled2=(Vgate-ELVSS)*Coled (6)

where Qst2, Qpr2, Qoled?2 respectively indicate the quantity
of electric charge of the first capacitor, the second capacitor,
and the capacitor of the OLED at the second time point.
Vgate indicates a voltage of the gate electrode of the first
transistor, VINT_L indicates the fourth voltage level of the
third power source, Vdata (i,j) indicates a voltage of the data
signal, ELVSS indicates the voltage level of the second
power source, Cst, Cpr, Coled indicate respectively capaci-
tance of the first capacitor, the second capacitor, and the
capacitor of the OLED.

[0058] Since there is no current path between the gate
electrode and the source electrode of the driving transistor in
the pixel during a period between the first time point and the
second time point, a total quantity of electric charge at the
first time point may equal to a total quantity of electric
charge at the second time point (e.g., Qstl+Qprl+
Qoled1=Qst2+Qpr2+Qoled2). A voltage (Vgate) of gate
electrode of the driving transistor of the first pixel in the data
writing period PA4 may be calculated based on Equation 7
derived based on Equation 1 to Equation 6.

(Vdara(i, j)— Vref)X Cpr (@]

Vgate = ELVDD_L+ Vih+
(Cst + Cpr + Coled)
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[0059] Therefore, the voltage of the gate electrode of the
driving transistor may be set independently and regardless of
the data signal voltage at another timing.

[0060] During the emission period PAS, the first power
source ELVDD may have the third voltage level ELVDD_H.
The third power source VINT may have the fifth voltage
level VINT _H. The scan signal S[i] has an off-level. Thus,
at the start point of the emission period PAS5, the voltage
level of the third power source VINT may increase from the
fourth voltage level VINT_L to the fifth voltage level
VINT_H. The voltage V_NI1 of the first node (e.g., the
voltage of the gate electrode of the driving transistor) may
increase corresponding to change amount (e.g., VINT_H-
VINT_L) of the voltage level of the third power source
VINT. Accordingly, the driving current I_OLED may be
generated according to the voltage difference between the
gate electrode and the source electrode (e.g., the second
electrode) of the first transistor T1. The driving current
I_OLED may flow through the OLED from the first tran-
sistor T1, and then all of the pixels may simultaneously emit
light.

[0061] The pixel may be driven by methods different from
the method in FIG. 3. For example, as shown in FIG. 4, the
first power source ELVDD may have the second voltage
level ELVDD_M during the data writing period PA4. The
third power source VINT may have the fourth voltage level
VINT_L. The panel driver may progressively provide the
scan signals S[1] through S[n] having an on-level to the scan
lines, such that data signals are programmed in the pixels.

[0062] Thus, unlike the method of FIG. 3, the driving
method in FIG. 4 sets the voltage level of the first power
source ELVDD to the second voltage level ELVDD_M
during the data writing period PA4. This may prevent
leakage current from the first power source ELVDD to the
second node N2, via first transistor T1, during the data
writing period PA4. For example, the voltage of the first
electrode of the first transistor T1 may be set to a voltage
level (e.g., the second voltage level ELVDD_M) between
the first voltage level ELVDD_L and the third voltage level
ELVDD_H to remove the leakage current path. Accordingly,
the change of the data signal programmed in the pixel
resulting from leakage current may be prevented. Also,
display quality degradation (e.g., stain, defect, etc) occurring
as a result of luminance deviation between pixels may be
prevented.

[0063] FIGS. 5 to 7 illustrate additional embodiments of
pixels PXB, PXC, or PXD that may be representative of the
pixels in the display device in FIG. 1. Referring to FIGS. 5
through 7, the pixels PXB, PXC, or PXD may include a first
transistor T1, a second transistor T2, a first capacitor Cst, a
second capacitor Cpr, and an organic light emitting diode
(OLED). The pixel PXB, PXC, or PXD may be substantially
the same as pixel PXA in FIG. 2, except that the second
transistor is a pMOS transistor or dual transistor.

[0064] The first transistor T1 may be a driving transistor.
In one example embodiment, the first transistor T1 may
include a gate electrode connected to the first node N1, a first
electrode connected to a first power source ELVDD, and a
second electrode connected to the second node N2. The first
transistor T1 may be nMOS transistor.

[0065] The second transistor T2 may connect the gate
electrode of the first transistor T1 to the second electrode of
the first transistor T1 in response to the scan signal.
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[0066] In one example embodiment, as shown in FIG. 5,
the first transistor T1 and the second transistor T2 in the
pixel PXB may be different types of MOS transistors. For
example, the first transistor T1 may be nMOS transistor and
the second transistor T2 may be pMOS transistor. The
second transistor T2 of the pixel PXB may connect the first
node N1 to the second node N2 based on an inverted scan
signal/S[i].

[0067] In another example embodiment, as shown in
FIGS. 6 and 7, the second transistor T2 in the pixels PXC or
PXD may be implemented as a dual transistor (e.g., two
transistors connected to each other in series) to reduce
leakage current. For example, like FIG. 6, the pixel PXC
may include the (2-1)st transistor T2-1 and the (2-2)nd
transistor T2-2 connected to each other in series, and that
connect the gate electrode of the first transistor T1 to the
second electrode of the first transistor T1 based on the scan
signal S[i]. In addition, like FIG. 7, the pixel PXD may
include the (2-3)rd transistor T2-3 and the (2-4)th transistor
T2-4 connected to each other in series, and that connect the
gate electrode of the first transistor T1 to the second elec-
trode of the first transistor T1 based on the scan signal S[i]
and the inverted scan signal/S[i].

[0068] The first capacitor Cst may include a first electrode
connected to the third power source VINT and a second
electrode connected to the first node N1.

[0069] The second capacitor Cpr may include a first
electrode to receive the data signal D[j] from the (j)th data
line and a second electrode connected to the second node
N2.

[0070] The OLED may include a first electrode connected
to the second node N2 and a second electrode connected to
the second power source ELVSS.

[0071] FIG. 8 illustrates another embodiment of a pixel
PXE, which may be representative of the pixels in the
display device in FIG. 1. Referring to FIG. 8, the pixel PXE
may include a first transistor T1, a second transistor T2, a
third transistor T3, a first capacitor Cst, a second capacitor
Cpr, and an OLED. The pixel PXE may be located at the
(Dth pixel row and the (j)th pixel column.

[0072] The first transistor T1 may be a driving transistor.
In one example embodiment, the first transistor T1 may
include a gate electrode connected to the first node N1, a first
electrode connected to a first power source ELVDD, and a
second electrode connected to the second node N2.

[0073] The second transistor T2 may connect the first node
N1 to the third node N3 based on the (i)th scan signal S[i].
In one example embodiment, the second transistor T2 may
include a gate electrode receiving the (i)th scan signal S[i]
from the (i)th scan line, a first electrode connected to the first
node N1, and a second electrode connected to the third node
N3.

[0074] The third transistor T3 may connect the third node
N3 to the second node N2 based on the (i+1)th scan signal
S[i+1]. In one example embodiment, the third transistor T3
may include a gate electrode receiving the (i+1)th scan
signal S[i+1] from the (i+1)th scan line, a first electrode
connected to the third node N3, and a second electrode
connected to the second node N2.

[0075] The first capacitor Cst may be between a third
power source VINT and a first node N1. In one example
embodiment, the first capacitor Cst may include a first
electrode connected to the third power source VINT and a
second electrode connected to the first node N1.
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[0076] The second capacitor Cpr may be between the (j)th
data line and the third node N3. In one example embodi-
ment, the second capacitor Cpr may include a first electrode
to receive the data signal D[j] from the (j)th data line and a
second electrode connected to the third node N3.

[0077] The OLED may emit light based on driving current
flowing from the first transistor T1. In one example embodi-
ment, the OLED may include a first electrode connected to
the second node N2 and a second electrode connected to the
second power source ELVSS.

[0078] Thus, the pixel PXE in FIG. 8 may further include
the third transistor T3 between the second electrode of the
second transistor T2 and the first electrode of the OLED in
comparison with the pixel PXA in FIG. 2. Accordingly, in
the pixel PXE, the second node N2 and the third node N3
may be separated from each other by the third transistor T3.
Although leakage current flowing from the first power
source ELVDD to the second node T2, via the first transistor
T1, occurs while the data signal D[j] is programmed, the
data signal D[j] programmed in the gate electrode of the first
transistor T1 (e.g., the first node N1) is not affected by
leakage current. Thus, display quality may be improved.
[0079] In one example embodiment, the second transistor
T2 may be the LIPS TFT and the third transistor T3 may be
the oxide TFT. The LIPS TFT may have relatively high
electron mobility and stability, while the magnitude of
leakage current may be relatively large in comparison with
the oxide TFT. Therefore, the third transistor T3 may be an
oxide TFT to prevent leakage current flowing through the
third transistor 13.

[0080] FIG. 9 illustrates another embodiment of a pixel
PXE', which may be representative of the pixels in the
display device of FIG. 1. FIG. 10 illustrates an example in
which pixel PXE' in FIG. 9 is driven in a simultaneous
emission manner.

[0081] Referring to FIGS. 9 and 10, the pixel PXE' may
include a first transistor T1, a second transistor T2, a third
transistor T3, a first capacitor Cst, a second capacitor Cpr,
and an OLED. The pixel PXE' may be at the (i)th pixel row
and the (j)th pixel column. The pixel PXE' may be substan-
tially the same as the pixel PXE in FIG. 8, except that the
gate electrode of the third transistor T3 receives the common
control signal GC.

[0082] The first transistor T1 may include a gate electrode
connected to the first node N1, a first electrode connected to
a first power source ELVDD, and a second electrode con-
nected to the second node N2. The second transistor T2 may
include a gate electrode to receive the (i)th scan signal S[i]
from the (i)th scan line, a first electrode connected to the first
node N1, and a second electrode connected to the third node
N3. The third transistor T3 may include a gate electrode to
receive the common control signal GC, a first electrode
connected to the third node N3, and a second electrode
connected to the second node N2.

[0083] Referring to FIG. 10, the same common control
signal GC may be provided to all pixels in the display panel.
The same common control signal GC may have an on-level
during the second initialization period PA2 and the threshold
voltage compensation period PA3. Also, the same common
control signal GC may have an off-level during the first
initialization period PA1 and the data writing period PA4.
Since the pixel PXE'in FIG. 9 may be driven in substantially
the same manner as the method of driving the pixel in FIG.
3.
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[0084] The first capacitor Cst may be between a third
power source VINT and a first node N1. The second
capacitor Cpr may be between the (j)th data line and the
third node N3. The OLED may emit light based on driving
current flowing from the first transistor T1.

[0085] In one example embodiment, the second transistor
T2 may be an LTPS TFT and the third transistor T3 may be
an oxide TFT. The LTPS TFT may have relatively high
electron mobility and stability, while the magnitude of
leakage current may be relatively large in comparison with
the oxide TFT. Therefore, the third transistor T3 may be an
oxide TFT to prevent leakage current flowing through the
third transistor T3.

[0086] The second and third transistors T2 and T3 may be
pMOS transistors. In one embodiment, the second transistor
T2 and/or the third transistor T3 may be nMOS transistors.
In one embodiment, the scan signals S[1] through S[n]
and/or the common control signal GC may be inverted.
[0087] The second transistor T2 is an LIPS TFT and the
third transistor T3 is an oxide TFT. The second transistor T2
and/or the third transistor T3 may be formed by various TFT
processes and may have active layer including various
materials.

[0088] FIG. 11 illustrates another embodiment of a pixel
PXF in the display device of FIG. 1. Referring to FIG. 11,
the pixel PXF may include a first transistor T1, a second
transistor T2, a first capacitor Cst, a second capacitor Cpr,
and an OLED. The pixel PXF may be at the (i)th pixel row
and the (j)th pixel column. In one example embodiment, the
first transistor T1 and the second transistor T2 may be
p-channel Metal-Oxide-Semiconductor (pMOS) transistors.
[0089] The first transistor T1 may be a driving transistor.
In one example embodiment, the first transistor T1 may
include a gate electrode connected to the first node N1, a first
electrode connected to a first power source ELVDD, and a
second electrode connected to the second node N2.

[0090] The second transistor T2 may connect the gate
electrode of the first transistor T1 to the second electrode of
the first transistor T1 based on the scan signal S[i]. In one
example embodiment, the second transistor T2 may include
a gate electrode connected to the (i)th scan line, a first
electrode connected to the first node N1, and a second
electrode connected to the second node N2.

[0091] The first capacitor Cst may be between a third
power source VINT and a first node N1. In one example
embodiment, the first capacitor Cst may include a first
electrode connected to the third power source VINT and a
second electrode connected to the first node N1.

[0092] The second capacitor Cpr may be between the (j)th
data line and the second node N2. In one example embodi-
ment, the second capacitor Cpr may include a first electrode
to receive the data signal D[j] from the (j)th data line and a
second electrode connected to the second node N2.

[0093] The OLED may emit light based on driving current
flowing from the first transistor T1. In one example embodi-
ment, the OLED may include a first electrode connected to
the second node N2 and a second electrode connected to the
second power source ELVSS.

[0094] FIGS. 12 and 13 illustrate embodiments of signals
for driving the pixel PXF in FIG. 11 in a simultaneous
emission manner. Referring to FIGS. 12 and 13, the panel
driver may drive the display panel in a simultaneous emis-
sion manner. Each frame implemented in a simultaneous
emission manner may include a non-emission period PB1
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through PB5 (during which pixels do not emit light) and an
emission period PB6 (during which the pixels simultane-
ously emit light). The non-emission period may sequentially
include a first initialization period PB1 during which the first
electrode of the OLED is initialized and a second initializa-
tion period PB2 during which the gate electrode of the first
transistor T1 is initialized, a threshold voltage compensation
period PB3 during which a diode connection of the first
transistor T1 is formed, a data writing period PB4 during
which the data signal is provided to the pixel, and a third
initialization period PB5 during which the first electrode of
the OLED is initialized.

[0095] The pixels may be connected to the first power
source ELVDD, the third power source VINT, and the
second power source ELVSS, one or more of which have
voltage levels that change in each frame (e.g., AC power
sources). For example, the voltage level of the first power
source ELVDD may correspond to one of a first voltage
level ELVDD_L, a second voltage level ELVDD_M greater
than the first voltage level ELVDD_L, or a third voltage
level ELVDD_H greater than the second voltage level
ELVDD_M.

[0096] Also, the voltage level of the third power source
VINT may correspond to one of a fourth voltage level
VINT_L or a fifth voltage level VINT_H greater than the
fourth voltage level VINT_L. The voltage level of the
second power source ELVSS may correspond to one of a
sixth voltage level ELVSS_L or a seventh voltage level
ELVSS_H greater than the sixth voltage level ELVSS_L. In
addition, a reference voltage VREF may be applied to the
data line, except in the data writing period PB4. Then, the
data signal voltages (e.g., voltages between a black color
voltage BLACK and a white color voltage WHITE) which
represent grayscales may be applied to the data line in the
data writing period PB4.

[0097] Referring to FIG. 12, during the first initialization
period PB1, the first power source ELVDD may have the
first voltage level ELVDD_L. The third power source VINT
may have the fourth voltage level VINT L. The second
power source ELVSS may have the seventh voltage level
ELVSS_H. The scan signals S[1] through S[n] may have an
off-level. Accordingly, current may flow from the second
node N2 to the first power source ELVDD via the first
transistor T1, and then a voltage V_N2 of the second node
N2 may be set to the first voltage level ELVDD_L. Thus, a
voltage of the first electrode of the OLED may be initialized.
[0098] During the second initialization period PB2, the
first power source ELVDD may have the first voltage level
ELVDD_L. The third power source VINT may have the
fourth voltage level VINT_L. The second power source
ELVSS may have the seventh voltage level ELVSS_H. The
scan signals S[1] through S[n] may have an on-level.
Accordingly, charge sharing between the first node N1 and
the second node N2 may occur when the second transistor
T2 is turned-on. Then, the voltage of the first electrode of the
OLED and the voltage of the gate electrode of the first
transistor T1 may be initialized.

[0099] During the threshold voltage compensation period
PB3, the first power source ELVDD has the third voltage
level ELVDD_H. The third power source VINT may have
the fifth voltage level VINT_H. The second power source
ELVSS may have the seventh voltage level ELVSS_H. The
scan signals S[1] through S[n] may have an on-level.
Accordingly, the first transistor T1 may be placed in a
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diode-connected state. The voltage V_NT1 of the first node
and the voltage V_N2 of the second node may correspond to
a voltage obtained by applying the threshold voltage Vth of
the first transistor T1 to the third voltage level ELVDD_H.
[0100] During the data writing period PB4, the first power
source ELYDD may have the first voltage level ELVDD_L.
The third power source VINT may have the fifth voltage
level VINT_H. The second power source ELVSS may have
the seventh voltage level ELVSS_H. The panel driver may
progressively provide the first to (n)th scan signals S[1]
through S[n] having an on-level to the first through (n)th
scan lines, such that the data signals are programmed in the
pixels.

[0101] During the third initialization period PB5, the first
power source ELVDD may have the first voltage level
ELVDD_L. The voltage level of the third power source
VINT may be changed from the fifth voltage level VINT_H
to the fourth voltage level VINT_L, and then may be
changed from the fourth voltage level VINT_L to the fifth
voltage level VINT_H again. Thus, the voltage level of the
third power source VINT may swing to initialize the first
electrode of the OLED as the first voltage level ELVDD_L.
Accordingly, a grayscale margin for representing a black
grayscale may be enlarged and display quality may be
improved.

[0102] During the emission period PB6, the first power
source ELVDD may have the third voltage level ELVDD_H.
The third power source VINT may have the fifth voltage
level VINT_H. The second power source ELVSS may have
the sixth voltage level ELVSS_L. The scan signal S[i] has an
off-level. Thus, the driving current I OLED may be gener-
ated according to the voltage difference between the gate
electrode and the source electrode (e.g., the first electrode)
of the first transistor T1. The driving current I_OLED may
flow through the OLED from the first transistor T1, and then
the pixels may simultaneously emit light.

[0103] The pixel may be driven in various methods instead
of the method of FIG. 12. For example, as shown in FIG. 13,
during the data writing period PB4, the first power source
ELVDD may have the second voltage level ELVDD_M. The
third power source VINT may have the fifth voltage level
VINT_H. The second power source ELVSS may have the
seventh voltage level ELVSS_H. The panel driver may
progressively provide the scan signals S[1] through S[n]
having an on-level to the scan lines, such that the data
signals are programmed in the pixels.

[0104] Thus, unlike the method in FIG. 12, the method in
FIG. 13 sets the voltage level of the first power source
ELVDD to the second voltage level ELVDD_M during the
data writing period PB4 and the third initialization period
PBS5, to prevent leakage current from the first power source
ELVDD to the second node N2 via the first transistor T1
during the data writing period PB4. For example, the voltage
of the first electrode of the first transistor T1 may be set to
a voltage level (e.g., the second voltage level ELVDD_M)
between the first voltage level ELVDD_L and the third
voltage level ELVDD_H to remove the leakage current path.
Accordingly, change of the data signal programmed in the
pixel resulting from leakage current may be prevented, and
thus display quality degradation (e.g., stain, defect, etc)
resulting from luminance deviation between pixels may be
prevented.

[0105] FIGS. 14 through 16 illustrate embodiments of
pixels PXG, PXH, or PXI in the display device of FIG. 1.
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Referring to FIGS. 14 to 16, the pixel PXG, PXH, or PXI
may include a first transistor T1, a second transistor T2, a
first capacitor Cst, a second capacitor Cpr, and an OLED.
The pixel PXG, PXH, or PXI may be substantially the same
as the pixel PXF in FIG. 11, except that the second transistor
is an nMOS transistor or dual transistor.

[0106] The first transistor T1 may be a driving transistor.
In one example embodiment, the first transistor T1 may
include a gate electrode connected to the first node N1, a first
electrode connected to a first power source ELVDD, and a
second electrode connected to the second node N2. The first
transistor T1 may be a pMOS transistor.

[0107] The second transistor T2 may connect the gate
electrode of the first transistor T1 to the second electrode of
the first transistor T1 based on the scan signal.

[0108] In one example embodiment, as shown in FIG. 14,
the first transistor T1 and the second transistor T2 in the
pixel PXG may be different types of MOS transistors. For
example, the first transistor T1 may be a pMOS transistor
and the second transistor T2 may be an nMOS transistor. The
second transistor T2 of the pixel PXG may connect the first
node N1 to the second node N2 based on an inverted scan
signal/S[i]. Because the nMOS transistor may generate less
leakage current than a pMOS transistor in general, leakage
current flowing from the first node N1 to the second node
N2, via the second transistor T2, may be reduced.

[0109] In another example embodiment, as shown in
FIGS. 15 and 16, the second transistor T2 in the pixel PXH
or PXI may be implemented as dual transistor (e.g., two
transistors connected to each other in series) to reduce
leakage current. For example, like FIG. 15, the pixel PXH
may include the (2-1)st transistor T2-1 and the (2-2)nd
transistor T2-2 connected to each other in series and that
connect the gate electrode of the first transistor T1 to the
second electrode of the first transistor T1 based on the scan
signal S[i]. In addition, like FIG. 16, the pixel PXI may
include the (2-3)rd transistor T2-3 and the (2-4)th transistor
T2-4 connected to each other in series and that connect the
gate electrode of the first transistor T1 to the second elec-
trode of the first transistor T1 based on the scan signal S[i]
and the inverted scan signal/SJi].

[0110] The first capacitor Cst may include a first electrode
connected to the third power source VINT and a second
electrode connected to the first node N1.

[0111] The second capacitor Cpr may include a first elec-
trode receiving the data signal D[j] from the (j)th data line
and a second electrode connected to the second node N2.
[0112] The OLED may include a first electrode connected
to the second node N2 and a second electrode connected to
the second power source ELVSS.

[0113] The pixels PXG, PXH, or PXI in FIGS. 14 through
16 may be driven in substantially the same manner as the
driving method in FIG. 12 or FIG. 13.

[0114] The display device in accordance with one or more
of the aforementioned embodiments may be, for example, an
organic light emitting display device or another type of
display device. The pixels may be various combinations of
oxide TFT and LTPS TFTs. In addition, the pixels may
include transistors of nMOS transistors and/or pMOS tran-
sistors. Also, the embodiments described herein may be
applied to an electronic device including the display device.
Examples of the electronic device include but are not limited
to a cellular phone, smart phone, smart pad, and personal
digital assistant.
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[0115] The methods, processes, and/or operations
described herein may be performed by code or instructions
to be executed by a computer, processor, controller, or other
signal processing device. The computer, processor, control-
ler, or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods
(or operations of the computer, processor, controller, or other
signal processing device) are described in detail, the code or
instructions for implementing the operations of the method
embodiments may transform the computer, processor, con-
troller, or other signal processing device into a special-
purpose processor for performing the methods described
herein.

[0116] The controllers, drivers, and other signal generat-
ing and signal processing features of the disclosed embodi-
ments may be implemented in logic which, for example,
may include hardware, software, or both. When imple-
mented at least partially in hardware, the controllers, drivers,
and other signal generating and signal processing features
may be, for example, any one of a variety of integrated
circuits including but not limited to an application-specific
integrated circuit, a field-programmable gate array, a com-
bination of logic gates, a system-on-chip, a microprocessor,
or another type of processing or control circuit.

[0117] When implemented in at least partially in software,
the controllers, drivers, and other signal generating and
signal processing features may include, for example, a
memory or other storage device for storing code or instruc-
tions to be executed, for example, by a computer, processor,
microprocessor, controller, or other signal processing
device. The computer, processor, microprocessor, controller,
or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods
(or operations of the computer, processor, microprocessor,
controller, or other signal processing device) are described
in detail, the code or instructions for implementing the
operations of the method embodiments may transform the
computer, processor, controller, or other signal processing
device into a special-purpose processor for performing the
methods herein.

[0118] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise indicated.
Accordingly, various changes in form and details may be
made without departing from the spirit and scope of the
embodiments set forth in the claims.

What is claimed is:
1. A display device, comprising:
a display panel including a plurality of pixels; and

a panel driver to provide a scan signal to the pixels via a
plurality of scan lines and to provide data signals to the
pixels via a plurality of data lines, wherein each of the
pixels includes:
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a first transistor including a gate electrode connected to a
first node, a first electrode connected to a first power
source, and a second electrode connected to a second
node;

a second transistor including a gate electrode connected to
one of the scan lines, a first electrode connected to the
first node, and a second electrode connected to the
second node;

an organic light emitting diode including a first electrode
connected to the second node and a second electrode
connected to a second power source;

a first capacitor including a first electrode connected to a
third power source and a second electrode connected to
the first node; and

a second capacitor including a first electrode connected to
one of the data lines and a second electrode connected
to the second node.

2. The display device as claimed in claim 1, wherein:

the panel driver is to drive the display panel in a simul-
taneous emission manner,

each frame including a non-emission period during which
the pixels do not emit light and an emission period
during which the pixels are to simultaneously emit
light, and

for each of the pixels, the non-emission period sequen-
tially includes a first initialization period during which
the first electrode of the organic light emitting diode is
to be initialized, a second initialization period during
which the gate electrode of the first transistor is to be
initialized, a threshold voltage compensation period
during which a diode connection of the first transistor
is to be formed, and a data writing period during which
the data signal is to be provided to the pixel.

3. The display device as claimed in claim 2, wherein:

the first transistor is a n-channel Metal-Oxide-Semicon-
ductor (nMOS) transistor,

a voltage level of the first power source corresponds to
one of a first voltage level, a second voltage level
greater than the first voltage level, or a third voltage
level greater than the second voltage level, and

a voltage level of the third power source corresponds to
one of a fourth voltage level or a fifth voltage level
greater than the fourth voltage level.

4. The display device as claimed in claim 3, wherein,
during the first initialization period, the first power source
has the second voltage level, the third power source has the
fifth voltage level greater than the second voltage level, and
the scan signal has an off-level.

5. The display device as claimed in claim 4, wherein,
during the second initialization period, the first power source
has the second voltage level, the third power source has the
fifth voltage level, and the scan signal has an on-level.

6. The display device as claimed in claim 3, wherein,
during the threshold voltage compensation period, the first
power source has the first voltage level, the third power
source has the fourth voltage level, and the scan signal has
an on-level.

7. The display device as claimed in claim 3, wherein,
during the data writing period, the first power source has the
second voltage level, the third power source has the fourth
voltage level, and the panel driver is to progressively pro-
vide the scan signal having an on-level to the scan lines to
program data signals in the pixels.
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8. The display device as claimed in claim 3, wherein,
during the emission period, the first power source has the
third voltage level, the third power source has the fifth
voltage level, and the scan signal has an off-level.

9. The display device as claimed in claim 2, wherein:

the first transistor is a p-channel Metal-Oxide-Semicon-
ductor (pMOS) transistor,

a voltage level of the first power source corresponds to
one of a first voltage level, a second voltage level
greater than the first voltage level, or a third voltage
level greater than the second voltage level,

a voltage level of the third power source corresponds to
one of a fourth voltage level or a fifth voltage level
greater than the fourth voltage level, and

a voltage level of the second power source corresponds to
one of a sixth voltage level or a seventh voltage level
greater than the sixth voltage level.

10. The display device as claimed in claim 9, wherein,
during the first initialization period, the first power source
has the first voltage level, the third power source has the
fourth voltage level, the second power source has the
seventh voltage level, and the scan signal has an off-level.

11. The display device as claimed in claim 10, wherein,
during the second initialization period, the first power source
has the first voltage level, the third power source has the
fourth voltage level, the second power source has the
seventh voltage level, and the scan signal has an on-level.

12. The display device as claimed in claim 9, wherein,
during the threshold voltage compensation period, the first
power source has the third voltage level, the third power
source has the fifth voltage level, the second power source
has the seventh voltage level, and the scan signal has an
on-level.

13. The display device as claimed in claim 9, wherein,
during the data writing period, the first power source has the
second voltage level, the third power source has the fifth
voltage level, the second power source has the seventh
voltage level, and the panel driver is to progressively pro-
vide the scan signal having an on-level to the scan lines to
program the data signals in the pixels.

14. The display device as claimed in claim 9, wherein,
during the emission period, the first power source has the
third voltage level, the third power source has the fifth
voltage level, the second power source has the sixth voltage
level, and the scan signal has an off-level.

15. The display device as claimed in claim 2, wherein:

the non-emission period includes a third initialization
period between the data writing period and the emis-
sion period, and

a voltage level of the third power source is to swing
during the third initialization period.

16. The display device as claimed in claim 1, wherein the
first transistor and the second transistor are different types of
metal-oxide-semiconductor (MOS) transistors.

17. A pixel, comprising:

a first transistor including a gate electrode connected to a
first node, a first electrode connected to a first power
source, and a second electrode connected to a second
node;

a second transistor including a gate electrode connected to
a scan line, a first electrode connected to the first node,
and a second electrode connected to the second node;
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an organic light emitting diode including a first electrode
connected to the second node and a second electrode
connected to a second power source;

a first capacitor including a first electrode connected to a
third power source and a second electrode connected to
the first node; and

a second capacitor including a first electrode connected to
a data line and a second electrode connected to the
second node.

18. The pixel as claimed in claim 17, wherein the first
transistor and the second transistor are different types of
metal-oxide-semiconductor (MOS) transistors.

19. A pixel, comprising:

a first transistor including a gate electrode connected to a
first node, a first electrode connected to a first power
source, and a second electrode connected to a second
node;

a second transistor including a gate electrode connected to
a first scan line, a first electrode connected to a first
node, and a second electrode connected to a third node;

Aug. 9, 2018

a third transistor including a gate electrode connected to
a second scan line, a first electrode connected to the
third node, and a second electrode connected to the
second node;

an organic light emitting diode including a first electrode
connected to the second node and a second electrode
connected to a second power source;

a first capacitor including a first electrode connected to a
third power source and a second electrode connected to
the first node; and

a second capacitor including a first electrode connected to
a data line and a second electrode connected to the third
node.

20. The pixel as claimed in claim 19, wherein:

the second transistor is a low temperature poly silicon
(LTPS) thin film transistor, and

the third transistor is an oxide thin film transistor.

L S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

patsnap

BENEFZEENEREE

US20180226028A1 NI (»&E)B 2018-08-09
US15/726472 RiEH 2017-10-06
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

[ﬁ\]ﬁﬁﬂk PARK JUN HYUN
SEO YOUNG WAN
LEE AN SU
CHUNG BO YONG
JO KANG MOON
CHAI CHONG CHUL
B A PARK, JUN-HYUN
SEO, YOUNG-WAN
LEE, AN-SU
CHUNG, BO-YONG
JO, KANG-MOON
CHAI, CHONG-CHUL
IPCH %S G09G3/3258 G09G3/3233 G09G3/3266 G09G3/3275
CPCH k5 G09G3/3258 G09G3/3233 G09G3/3266 G09G3/3275 G09G2300/0426 G09G2320/064 G09G2310/08
G09G2320/0214 G09G2330/021 G09G3/3225 G09G2300/0814 G09G2300/0819 G09G2300/0842
G09G2300/0852 G09G2320/0233
L5 1020170017961 2017-02-09 KR
H 2N FF sk US10665166
SNERBEIE Espacenet USPTO
ﬁ-g(ﬁ) o 1000
ATERARNGEQES—NE_SAE NS -98E  UR
BNEX=ZNE, F—RBEEAEEINE—T SHWMER | EERE 500 COL;Q&'&R L cme | [ DATA DRIVER }vsoo
—ERNE B URERNS ST ANE BN, E-SHEEE v T o
ERTREENMER  EENE - ANS -8R, UREEE= os s
HEME B, ANAN CREEAEEEE T AN E— RS so |POPAHR) - @
BEE-RRNE G, E-aAEATERNE S HENE—BR (23 ) 3 o
MERAE - FANS B, B asEeaEEIRERNS B Sl . L m

RAERE T E =T QS ZBAR,

D CIE &

'EL\/DD IELVSS IVINT

200

POWER SUPPLY |-400



https://share-analytics.zhihuiya.com/view/76062345-64d1-4bfc-86df-c4282d5dda11
https://worldwide.espacenet.com/patent/search/family/063037868/publication/US2018226028A1?q=US2018226028A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180226028%22.PGNR.&OS=DN/20180226028&RS=DN/20180226028

