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(54) ORGANIC LIGHT EMITTING DISPLAY DEVICE AND DRIVING METHOD OF THE SAME

(57) According to an aspect of the present disclosure,
an organic light emitting display device includes a plural-
ity of pixels (P) each including a pixel driving circuit. The
plurality of pixels (P) includes an organic light emitting
diode (OLED) and a driving TFT (DT) configured to con-
trol driving of the organic light emitting diode (OLED) and
including a gate node as a first node (N1), a source node
as a second node (N2), and a drain node. Also, the plu-
rality of pixels (P) includes first to third switching TFTs
(T1, T2, T3) electrically connected to the driving TFT (DT)
and first and second storage capacitors (C1, C2) config-
ured to store a voltage to be applied to the driving TFT
(DT). Further, the plurality of pixels (P) includes a cou-
pling capacitor (C3) connected to a gate node of the third
switching TFT (T3) so as to increase a voltage to be ap-
plied to the gate node of the driving TFT (DT).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority of Korean Patent Application No. 10-2016-0083057 filed on June 30, 2016,
and Korean Patent Application No. 10-2016-0109527 filed on August 26, 2016, in the Korean Intellectual Property Office.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light emitting display device and a driving method of the same,
and more particularly, to an organic light emitting display device capable of reducing a flicker and a driving method of
the same.

Description of the Related Art

[0003] Recently, as the world has entered the information age, the field of display for visually displaying electrical
information signals has grown rapidly. Thus, various display devices with excellent performance, such as thinning, weight
lightening, and low power consumption have been developed.
[0004] Specific examples of the display devices include a Liquid Crystal Display (LCD) device, a Plasma Display Panel
(PDP) device, a Field Emission Display (FED) device, an Organic Light Emitting Display (OLED) device, and the like.
[0005] Each of a plurality of pixels constituting an OLED device includes an organic light emitting diode including an
organic emission layer between an anode and a cathode and a pixel driving circuit that independently drives the organic
light emitting diode. The pixel driving circuit includes a switching thin film transistor (hereinafter, referred to as "TFT"),
a driving TFT, and a capacitor. Herein, the switching TFT charges the capacitor with a data voltage in response to a
scan pulse. Also, the driving TFT controls the amount of current to be supplied to the organic light emitting diode
depending on the data voltage charged in the capacitor and thus controls the amount of light emission of the organic
light emitting diode.
[0006] The OLED device is a self-light emitting display device. The OLED device does not need a separate light source
unlike an LCD device. Thus, the OLED device can be manufactured into a lightweight and thin form. Further, the OLED
device is advantageous in terms of power consumption since it is driven with a low voltage. Also, the OLED device has
excellent color expression ability, a high response speed, a wide viewing angle, and a high contrast ratio (CR). Therefore,
the OLED device has been researched as a next-generation display device in many fields. In addition, the organic light
emitting diode has a surface emitting structure and thus can be easily implemented into a flexible form.
[0007] In the OLED device having the above-described advantages, the pixels are different from each other in a
threshold voltage (Vth) and mobility of the driving TFT due to a process variation or the like. Also, a voltage drop of a
high-potential voltage (VDD) occurs, so that the amount of current for driving the organic light emitting diode is changed.
Therefore, there is a luminance difference between the pixels. Such a luminance difference is recognized as a flicker
by a user.
[0008] Accordingly, there has been demanded an OLED device having a new structure in which a flicker phenomenon
rarely occurs.

BRIEF SUMMARY

[0009] The inventors of the present disclosure recognized that an OLED device can suppress a delay of a current
flowing in an organic light emitting diode caused by a difference in a threshold voltage (Vth) and mobility of a driving
TFT due to a process variation or the like and a voltage drop of a high-potential voltage (VDD) in the pixel.
[0010] Accordingly, an object to be achieved by the present disclosure is to provide an OLED device and a driving
method of the same. In the OLED device, a coupling capacitor is used in each pixel driving circuit to rapidly increase a
voltage of a gate node and a source node in a driving TFT of a pixel. Thus, a delay of a current flowing in an organic
light emitting diode can be improved.
[0011] The objects of the present disclosure are not limited to the aforementioned objects, and other objects, which
are not mentioned above, will be apparent to a person having ordinary skill in the art from the following description.
[0012] Various embodiments provide an organic light emitting display device according to claim 1. Further embodiments
are described in the dependent claims.
[0013] According to an aspect of the present disclosure, there is provided an organic light emitting display device. The
organic light emitting display device includes a plurality of pixels. Each of the plurality of pixels includes an organic light
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emitting diode. Each of the plurality of pixels may include a pixel driving circuit. Each of the plurality of pixels (e.g., the
pixel driving circuit of the respective pixel) includes a driving TFT configured to control driving of the organic light emitting
diode and including a gate node as a first node, a source node as a second node, and a drain node. Also, each of the
plurality of pixels includes first to third switching TFTs electrically connected to the driving TFT and first and second
storage capacitors configured to store a voltage to be applied to the driving TFT. Further, each of the plurality of pixels
includes a coupling capacitor connected to a gate node of the third switching TFT so as to increase a voltage to be
applied to the gate node of the driving TFT.
[0014] According to another aspect of the present disclosure, there is provided an OLED device. The OLED device
includes a plurality of pixels each including an organic light emitting diode and a pixel driving circuit that drives the organic
light emitting diode. Also, the pixel driving circuit includes a driving TFT configured to control driving of the organic light
emitting diode and including a gate node as a first node, a source node as a second node, and a drain node. Further,
the pixel driving circuit includes first to third switching TFTs electrically connected to the driving TFT and first and second
storage capacitors configured to store a voltage to be applied to the driving TFT DT. Furthermore, the pixel driving circuit
includes a coupling capacitor connected to a third node as a gate node of the third switching TFT and to the first node
as the gate node of the driving TFT. The pixel driving circuit operates in a period divided into an initialization period in
which a reference voltage Vref is supplied to the first node and an initialization voltage Vinit is supplied to the second
node, a sampling period in which a voltage higher than the reference voltage Vref is supplied to the first node and the
voltage higher than the reference voltage Vref minus a threshold voltage Vth is supplied to the second node by the
coupling capacitor, a programming period in which a data voltage Vdata is supplied to the first node and a voltage of
the second node is changed by the data voltage Vdata, and an emission period in which a delay of a current involved
in emission of the organic light emitting diode is minimized by a voltage bootstrapped to the source node of the driving
TFT DT.
[0015] According to the present disclosure, a coupling capacitor is used in each pixel driving circuit of an OLED device
to rapidly increase a voltage of a gate node and a source node in a driving TFT. Thus, a delay of a current flowing in an
organic light emitting diode during an emission period can be improved, so that it is possible to suppress a flicker
phenomenon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other aspects, features and other advantages of the present disclosure will be more clearly
understood from the following detailed description taken in conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic block diagram of a display device provided to explain a gate driving circuit according to an
exemplary embodiment of the present disclosure;
FIG. 2 is a circuit diagram showing a configuration of a luminance control unit according to an exemplary embodiment
of the present disclosure;
FIG. 3 is a waveform diagram showing a gate signal and a luminance control signal in a low-speed driving mode of
an OLED device according to an exemplary embodiment of the present disclosure;
FIG. 4 is a luminance graph in the low-speed driving mode of the OLED device according to an exemplary embodiment
of the present disclosure;
FIG. 5 is a waveform diagram showing a gate signal in a low-speed driving mode of an OLED device according to
another exemplary embodiment of the present disclosure;
FIG. 6 is a luminance graph in the low-speed driving mode of the OLED device according to another exemplary
embodiment of the present disclosure;
FIG. 7 is a waveform diagram showing a gate signal in a low-speed driving mode of an OLED device according to
yet another exemplary embodiment of the present disclosure;
FIG. 8 is a luminance graph in the low-speed driving mode of the OLED device according to yet another exemplary
embodiment of the present disclosure;
FIG. 9 is a circuit diagram showing a pixel circuit in an OLED device according to the prior art;
FIG. 10 is a waveform diagram showing a signal input into the pixel circuit illustrated in FIG. 9 and a resultant output
signal;
FIG. 11 is a circuit diagram showing a pixel circuit in an OLED device according to still another exemplary embodiment
of the present disclosure;
FIG. 12 is a waveform diagram showing a signal input into the pixel circuit illustrated in FIG. 11 and a resultant
output signal;
FIG. 13 is a graph of OLED current (IOLED) in a Comparative Example and in an Example embodiment of the present
disclosure;
FIG. 14 is a circuit diagram showing a pixel driving circuit in an OLED device according to an exemplary embodiment
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of the present disclosure;
FIG. 15 is a waveform diagram showing a signal input into the pixel driving circuit illustrated in FIG. 14 and a resultant
output signal;
FIG. 16 is a circuit diagram showing a pixel driving circuit in an OLED device according to still another exemplary
embodiment of the present disclosure;
FIG. 17 is a graph of OLED current (IOLED) in a Comparative Example and in Example embodiments of the present
disclosure;
FIG. 18 is a circuit diagram showing a pixel circuit in an OLED device according to the prior art;
FIG. 19 is a waveform diagram showing a signal input into the pixel circuit illustrated in FIG. 18 and a resultant
output signal;
FIG. 20 is a circuit diagram showing a pixel driving circuit in an OLED device according to an exemplary embodiment
of the present disclosure;
FIG. 21 is a waveform diagram showing a signal input into the pixel driving circuit illustrated in FIG. 20 and a resultant
output signal;
FIG. 22 is a circuit diagram showing a pixel driving circuit in an OLED device according to another exemplary
embodiment of the present disclosure;
FIG. 23 is a circuit diagram showing a pixel driving circuit in an OLED device according to another exemplary
embodiment of the present disclosure;
FIG. 24 is a circuit diagram showing a pixel driving circuit in an OLED device according to another exemplary
embodiment of the present disclosure;
FIG. 25 is a graph of OLED current (IOLED) in a Comparative Example and in Example embodiments of the present
disclosure;
FIG. 26 is a schematic block diagram provided to explain a timing controller illustrated in FIG. 1;
FIG. 27 is a circuit diagram showing a pixel driving circuit in an OLED device according to an exemplary embodiment
of the present disclosure;
FIG. 28 is a waveform diagram showing a signal input into the pixel driving circuit illustrated in FIG. 27 and a resultant
output signal;
FIG. 29 is a graph showing a luminance change of a Comparative Example and an Example embodiment of the
present disclosure, depending on a change in an initialization voltage;
FIG. 30 is a waveform diagram showing a signal input into a pixel driving circuit and a change in black luminance
according to an exemplary embodiment of the present disclosure; and
FIG. 31 is a graph showing recognition of black luminance during a refresh section according to a Comparative
Example and an Example embodiment of the present disclosure.

DETAILED DESCRIPTION

[0017] Advantages and features of the present disclosure, and methods for accomplishing the same will be more
clearly understood from exemplary embodiments described below with reference to the accompanying drawings. How-
ever, the present disclosure is not limited to the following exemplary embodiments but may be implemented in various
different forms. The exemplary embodiments are provided only to complete disclosure of the present disclosure and to
fully provide a person having ordinary skill in the art to which the present disclosure pertains with the category of the
disclosure, and the present disclosure will be defined by the appended claims.
[0018] The shapes, sizes, ratios, angles, numbers, and the like shown in the accompanying drawings for describing
the exemplary embodiments of the present disclosure are merely examples, and the present disclosure is not limited
thereto. Further, in the following description, a detailed explanation of well-known related technologies may be omitted
to avoid unnecessarily obscuring the subject matter of the present disclosure. The terms such as "including," "having,"
and "consist of" used herein are generally intended to allow other components to be added unless the terms are used
with the term "only". Any references to singular may include plural unless expressly stated otherwise.
[0019] Components are interpreted to include an ordinary error range even if not expressly stated.
[0020] When the position relation between two parts is described using the terms such as "on", "above", "below", and
"next", one or more parts may be positioned between the two parts unless the terms are used with the term "immediately"
or "directly".
[0021] When an element or layer is referred to as being "on" another element or layer, it may be directly on the other
element or layer, or intervening elements or layers may be present.
[0022] Although the terms "first", "second", and the like are used for describing various components, these components
are not confined by these terms. These terms are merely used for distinguishing one component from the other com-
ponents. Therefore, a first component to be mentioned below may be a second component in a technical concept of the
present disclosure.
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[0023] Throughout the whole specification, the same reference numerals denote the same elements.
[0024] Since the size and thickness of each component illustrated in the drawings are represented for convenience
in explanation, the present disclosure is not necessarily limited to the illustrated size and thickness of each component.
[0025] The features of various embodiments of the present disclosure can be partially or entirely bonded to or combined
with each other and can be interlocked and operated in technically various ways, and the embodiments can be carried
out independently of or in association with each other.
[0026] In the present disclosure, a TFT may be of a P-type or an N-type. Also, in explaining pulse-type signals, a gate
high voltage (VGH) state is defined as "high state" and a gate low voltage (VGL) state is defined as "low state".
[0027] Hereinafter, various exemplary embodiments of the present disclosure will be described in detail with reference
to the accompanying drawings.
[0028] FIG. 1 is a schematic block diagram of a display device provided to explain a gate driving circuit according to
an exemplary embodiment of the present disclosure.
[0029] Referring to FIG. 1, an OLED device 100 includes a display panel 110 including a plurality of pixels P and a
gate driving circuit 130 that supplies a gate signal to each of the plurality of pixels P. Also, the OLED device 100 includes
a data driving circuit 140 that supplies a data signal to each of the plurality of pixels P and a timing controller 120 that
controls the gate driving circuit 130 and the data driving circuit 140.
[0030] The timing controller 120 processes image data RGB input from the outside so as to be suitable for the size
and resolution of the display panel 110, and then supplies the image data RGB to the data driving circuit 140. The timing
controller 120 generates a plurality of gate control signals GSC and a plurality of data control signals DCS by using
synchronization signals SYNC, e.g., a dot clock signal, a data enable signal, a horizontal synchronization signal, and a
vertical synchronization signal, which are input from the outside. Further, the timing controller 120 supplies the generated
the plurality of gate and data control signals GCS and DCS to the gate driving circuit 130 and the data driving circuit
140, respectively, and thus controls the gate driving circuit 130 and the data driving circuit 140. Herein, the plurality of
gate control signals GCS may include a luminance control signal CS, and specific characteristics of the luminance control
signal CS will be described later with reference to FIG. 3.
[0031] The gate driving circuit 130 supplies a gate signal to a gate line GL in response to the gate control signal GCS
supplied from the timing controller 120. Herein, the gate signal includes at least one scan signal and an emission control
signal. Although FIG. 1 illustrates that the gate driving circuit 130 is disposed on one side of the display panel 110 as
being spaced from the display panel 110, the number and position of the gate driving circuits 130 is not limited thereto.
That is, the gate driving circuit 130 may be disposed on one side or both sides of the display panel 110 in a GIP (Gate
In Panel) manner.
[0032] The data driving circuit 140 converts the image data RGB into a data voltage in response to a data control
signal DCS supplied from the timing controller 120 and supplies the converted data voltage to the pixel P through a data
line DL.
[0033] In the display panel 110, a plurality of gate lines GL and a plurality of data lines DL are disposed to intersect
with each other and each of the plurality of pixels P is connected to the gate lines GL and the data lines DL. Specifically,
one pixel P is supplied with a gate signal from the gate driving circuit 130 through a gate line GL, a data signal from the
data driving circuit 140 through a data line DL, and various power source through a power supply line.
[0034] More specifically, one pixel P receives at least one scan signal and an emission control signal through the gate
line GL, a data voltage or a reference voltage through the data line DL, and a high-potential voltage VDD, a low-potential
voltage VSS, and an initialization voltage Vinit through the power supply line.
[0035] Herein, the gate line GL may include a first scan signal line SCAN1, a second scan signal line SCAN2, and an
emission control signal line EM, and the data line DL may include a voltage line. The voltage line is configured to supply
the data voltage Vdata, the reference voltage Vref, and the initialization voltage Vinit to each of the plurality of pixels P.
Also, the power supply line is connected to the display panel 110 through the timing controller 120 so as to supply power
to each of the plurality of pixels P.
[0036] Accordingly, one pixel P receives the scan signal and the emission control signal through the gate line GL, the
data voltage Vdata, the reference voltage Vref, and the initialization voltage Vinit through the data line DL, and the high-
potential voltage VDD and the low-potential voltage VSS through the power supply line.
[0037] Also, each pixel P includes an organic light emitting diode and a pixel driving circuit configured to control driving
of the organic light emitting diode. Herein, the organic light emitting diode includes an anode, a cathode, and an organic
emission layer between the anode and the cathode. The pixel driving circuit includes a plurality of switching elements,
a driving switching element, and a capacitor. Herein, the switching element may be configured as a TFT. In the pixel
driving circuit, a driving TFT controls the amount of current to be supplied to the organic light emitting diode depending
on a difference between a data voltage charged in the capacitor and a reference voltage so as to control the amount of
light emission of the organic light emitting diode. Further, the plurality of switching TFTs receives scan signals and
emission control signals supplied through the gate lines GL and charges the capacitor with a data voltage.
[0038] The luminance control unit 150 is disposed between the gate driving circuit 130 and the display panel 110. The
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luminance control unit 150 is electrically connected to the gate driving circuit 130 and the display panel 110 through the
gate line GL. The luminance control unit 150 may supply a gate signal supplied from the gate driving circuit 130 to the
display panel 110 in a distributed manner during a plurality of divided refresh sections. The configuration of the luminance
control unit 150 will be described in detail later with reference to FIG. 2.
[0039] The OLED device 100 according to an exemplary embodiment of the present disclosure includes the gate
driving circuit 130 and the data driving circuit 140 for driving the display panel 110 including the plurality of pixels P, and
the timing controller 120 for controlling the gate driving circuit 130 and the data driving circuit 140. Particularly, the OLED
device 100 may further include the luminance control unit 150 between the display panel 110 and the gate driving circuit
130. The luminance control unit 150 is capable of controlling luminance of the plurality of pixels P. The luminance control
unit 150 controls timing of supplying a gate signal during a refresh section where the display panel 110 is refreshed.
Thus, a decrease in luminance of the display panel 110 can be suppressed. Therefore, since a luminance decrease in
the display panel 110 is suppressed, a flicker phenomenon caused by the luminance decrease can be reduced. The
configuration of the luminance control unit 150 will be described in detail later with reference to FIG. 2.

I. [Driving method] Refresh section-divided drive

[0040] FIG. 2 is a circuit diagram showing a configuration of a luminance control unit according to an exemplary
embodiment of the present disclosure. For convenience in explanation, FIG. 1 will also be referred to hereinafter.
[0041] Referring to FIG. 2, the luminance control unit 150 is disposed between the gate driving circuit 130 and the
display panel 110. Specifically, the luminance control unit 150 is disposed between the gate driving circuit 130 and the
display panel 110 and electrically connected to a plurality of gate lines G1 to Gn and a power supply line VSS. Further,
the luminance control unit 150 includes a part of the plurality of gate lines and a part of the power supply line at a position
between the gate driving circuit 130 and the display panel 110 and electrically connecting the gate driving circuit 130
and the display panel 110. Herein, the power supply line VSS is a low-potential power supply line configured to supply
a gate low voltage VGL. In some exemplary embodiments, the power supply line VSS may be substituted by a high-
potential power supply line configured to supply a gate high voltage VGH.
[0042] Also, the luminance control unit 150 includes a first switching element Tx1, a second switching element Tx2,
and a first luminance control signal line 151 a. Herein, x denotes the number of the order of alignment of the gate lines
GL and is a natural number of 1 to the maximum number of the gate lines GL. For example, x is a natural number of 1
to 1536.
[0043] The first switching element Tx1 is electrically connected to each of the plurality of gate lines G1 to Gn. Specifically,
the first switching element Tx1 includes a gate connected to the first luminance control signal line 151 a and is disposed
between a gate line connected to an output node onx of the gate driving circuit 130 and a gate line connected to an input
node inx of the display panel 110. For example, on the first gate line G1, a first switching element T11 of the first gate
line is disposed between the output node onx of the gate driving circuit 130 and the input node inx of the display panel
110 as being connected to the first gate line G1.
[0044] Therefore, the first switching element Tx1 determines whether or not to supply the gate signal GS including
the gate high voltage VGH to each of the plurality of gate lines G1 to Gn during a predetermined period of time. Specifically,
the first switching element Tx1 shorts or opens each of the plurality of gate lines G1 to Gn in response to a luminance
control signal input through the first luminance control signal line 151 a connected to the gate. For example, if the
luminance control signal is in a high state, the first switching element Tx1 is turned on and thus shorts the gate line Gx
connected to the first switching element Tx1. Thus, the gate line Gx connected to the turned-on first switching element
Tx1 may supply a gate signal GSx to the display panel 110. A waveform of the luminance control signal and its resultant
output of a gate signal and luminance will be described later with reference to FIG. 3 and FIG. 4.
[0045] A second switching element Tx2 is electrically connected to each of the plurality of gate lines and the power
supply line. Specifically, the second switching element Tx2 includes a gate connected to a second luminance control
signal line 151 b and is disposed between a power supply line VSS connected to the output node onx of the gate driving
circuit 130 and a gate line connected to the input node inx of the display panel 110. In this case, the second luminance
control signal line 151 b is connected to an output node of an inverter INV in the first luminance control signal line 151
a. That is, the second switching element Tx2 includes a gate electrically connected to the output node of the inverter INV.
[0046] Therefore, the second switching element Tx2 supplies the gate low voltage VGL to each of the plurality of gate
lines G1 to Gn during a predetermined period of time. Specifically, the second switching element Tx2 is shorted or
opened such that the gate low voltage VGL can be supplied to the gate line Gx from the input node inx of the display
panel 110 through the power supply line VSS in response to a luminance control signal input through the second
luminance control signal line 151 b. For example, if the luminance control signal is in a high state, a luminance control
signal in a low state is input into the gate of the second switching element Tx2 through the second luminance control
signal line 151 b and the second switching element Tx2 is turned off. If the luminance control signal is in a low state, a
luminance control signal in a high state is input into the gate of the second switching element Tx2 through the second
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luminance control signal line 151 b and the second switching element Tx2 is turned on. Thus, the gate line Gx connected
to the turned-on second switching element Tx2 may supply a gate low voltage VGL to the display panel 110. A waveform
of the luminance control signal and its resultant output of a gate signal and luminance will be described later with reference
to FIG. 3 and FIG. 4.
[0047] The luminance control signal line 151 includes the first luminance control signal line 151 a and the second
luminance control signal line 151 b. The luminance control signal line 151 is electrically connected to the first switching
element Tx1 and the second switching element Tx2. Specifically, the first luminance control signal line 151 a is connected
to the first switching element Tx1 and the second luminance control signal line 151 b is connected to the second switching
element Tx2. Further, the luminance control unit 150 may include the inverter INV that controls the first switching element
Tx1 and the second switching element Tx2 to operate reversely to each other. The second luminance control signal line
151 b is connected to the gate of the second switching element Tx2 in the output node of the inverter INV connected to
the first luminance control signal line 151 a.
[0048] The luminance control signal line 151 supplies a luminance control signal to the first switching element Tx1
and the second switching element Tx2. Specifically, luminance control signals reversed to each other through the first
luminance control signal line 151 a and the second luminance control signal line 151 b are supplied to the first switching
element Tx1 and the second switching element Tx2, respectively. Therefore, the first switching element Tx1 and the
second switching element Tx2 connected to the same gate line Gx operate in opposite ways to each other. For example,
while a luminance control signal in a high state is supplied to the first luminance control signal line 151 a, the first switching
element Tx1 is turned on. While a luminance control signal in a low state is supplied to the second luminance control
signal line 151 b, the second switching element Tx2 is turned off.
[0049] Further, if the first switching element Tx1 is turned on, the second switching element Tx2 is turned off, so that
the gate signal GSx is output through the gate line Gx. If the first switching element Tx1 is turned off, the second switching
element Tx2 is turned on, so that the gate low voltage VGL is output as a low-potential voltage signal through the gate
line Gx. Therefore, by controlling a section in which a luminance control signal is in a high state, it is possible to determine
a gate line Gx that outputs a gate signal GSx during a refresh section. A specific method of controlling an operation of
a switching element depending on a waveform of the luminance control signal will be described later with reference to
FIG. 3 and FIG. 4.
[0050] The OLED device 100 according to an exemplary embodiment of the present disclosure includes the first
switching element Tx1 connected to each of the plurality of gate lines G1 to Gn, the second switching element Tx2
connected between the power supply line VSS and each of the plurality of gate lines G1 to Gn, and the luminance control
signal line 151 connected to the gates of the first switching element Tx1 and the second switching element Tx2. Therefore,
during a predetermined refresh section, only the first switching element Tx1 connected to a predetermined gate line Gx
is turned on in response to a luminance control signal input through the luminance control signal line 151. Thus, a gate
signal GSx is output. That is, the luminance control signal may determine the gate line Gx that outputs the gate signal
GSx during a refresh section. Further, a plurality of refresh sections may be set in a frame in response to the luminance
control signal, and a gate signal may be output through a different gate line during each of the plurality of refresh sections.
[0051] FIG. 3 is a waveform diagram showing a gate signal and a luminance control signal in a low-speed driving
mode of an OLED device according to an exemplary embodiment of the present disclosure. FIG. 4 is a luminance graph
in the low-speed driving mode of the OLED device according to an exemplary embodiment of the present disclosure.
For convenience in explanation, FIG. 1 and FIG. 2 will be referred to hereinafter.
[0052] A low-speed driving mode of the OLED device 100 is controlled such that the entire refresh section is shorter
than a horizontal holding section during a unit time.
[0053] Referring to FIG. 3, the entire refresh section includes k number of refresh sections. During the entire refresh
section, a gate signal GSx including a pulse having a gate high voltage VGH during a short section may be output through
a gate line. That is, the gate signal GSx may be output irregularly throughout each of the k number of refresh sections,
but the gate signal GSx is supplied only once to all of the gate lines Gx during the entire refresh section.
[0054] For example, each of the plurality of refresh sections may be maintained for a time period equal to the result
of dividing the entire refresh section of 16.6 msec by k. During a first refresh section, the first gate signal GS1 may be
output through the first gate line G1, a fourth gate signal GS4 may be output through a fourth gate line G4, and an n-
1th gate signal GSn-1 may be output through an n-1th gate line Gn-1. During a second refresh section, a second gate
signal GS2 may be output through a second gate line G2, an n-2th gate signal GSn-2 may be output through an n-2
gate line Gn-2, and an nth gate signal GSn may be output through an nth gate line Gn. During a kth refresh section, a
third gate line GS3 may be output through a third gate line G3 and an n-3th gate signal GSn-3 may be output through
an n-3th gate line Gn-3. Thus, during the first to kth refresh sections, the gate signals GS1 to GSn are output through
all of the gate lines G1 to Gn, respectively.
[0055] The luminance control signal CS controls each of the plurality of gate lines whether or not to output a gate
signal. Specifically, the luminance control signal CS controls an operation of the first switching element connected to
the gate line to output a gate signal during a predetermined refresh section. At the same time, the luminance control
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signal CS controls an operation of the second switching element to output a gate low voltage during a predetermined
refresh section.
[0056] As such, the luminance control signal CS is supplied to the luminance control unit 150 in order for a gate signal
to be distributed and output to each of the gate lines during the entire refresh section. Thus, the luminance control unit
150 may control a predetermined gate line Gx to output a gate signal GSx during each of the plurality of refresh sections
in response to the luminance control signal CS supplied to the luminance control signal line 151.
[0057] Particularly, the entire refresh section may include two refresh sections. That is, the entire refresh section may
include the first refresh section and the second refresh section. During each of the first refresh section and the second
refresh section, a gate signal may be output only to a predetermined gate line.
[0058] Thus, the luminance control signal may determine a gate line that outputs a gate signal during each of the first
refresh section and the second refresh section. For example, the luminance control signal may control an odd-numbered
gate line to output a gate signal during the first refresh section among the plurality of refresh sections. Also, the luminance
control signal may control an even-numbered gate line to output a gate signal during the second refresh section among
the plurality of refresh sections. A gate signal to be output when the entire refresh section is divided into two refresh
sections and its resultant luminance change will be described later with reference to FIG. 5 and FIG. 6. Further, the
output of a gate signal may be controlled such that a refresh blank section is included among the plurality of refresh
sections. A gate signal to be output when the entire refresh section includes a refresh blank section and its resultant
luminance change will be described later with reference to FIG. 7 and FIG. 8.
[0059] In FIG. 4, a solid line is a graph showing a luminance change during a refresh section and a holding section
caused by a low-speed driving method according to the exemplary embodiment illustrated in FIG. 3. Also, a dashed-
dotted line is a graph showing a luminance change during a refresh section and a holding section caused by a low-
speed driving method according to Comparative Example. In a Comparative Example, the first to nth gate lines G1 to
Gn output gate signals GS1 to GSn in sequence without dividing a refresh section by the low-speed driving method.
[0060] Referring to FIG. 4, the luminance of the OLED device is decreased during each of the plurality of refresh
sections by a low-speed driving mode illustrated in FIG. 5. That is, during the entire refresh section, the luminance is
decreased by being divided k times. Specifically, during the first refresh section, only pixels disposed on the first gate
line G1, the fourth gate line G4, and the n-1th gate line Gn-1 are initialized but pixels disposed on the other gate lines
are not initialized. Therefore, a luminance decrease during the first refresh section is smaller than that in the case where
all of the pixels are initialized. Also, during the second refresh section, only pixels disposed on the second gate line G2,
the n-2th gate line Gn-2, and the nth gate line Gn are initialized but pixels disposed on the other gate lines are not
initialized. Therefore, a luminance decrease during the second refresh section is smaller than that in the case where all
of the pixels are initialized. In the same manner, a luminance decrease during each of the first to kth refresh sections
may be smaller than that in the case where all of the pixels are initialized.
[0061] Therefore, a luminance decrease during the entire refresh section is divided into luminance decreases during
the k number of refresh sections, respectively. Thus, the minimum values of luminance are remarkably increased.
Accordingly, a luminance decrease which can be recognized does not occur during the refresh section, so that a flicker
phenomenon can be reduced even in the low-speed driving mode. In this case, the entire refresh section may be slightly
longer than the refresh section in the Comparative Example. However, even if the entire refresh section is increased, it
cannot be recognized by the human eye. Also, since the refresh section is divided into a plurality of sections, the luminance
is increased. Thus, a flicker phenomenon can be suppressed.
[0062] Particularly, in an OLED device including a multi-type TFT, a switching TFT in a pixel is configured as an oxide
semiconductor TFT and a driving TFT in the pixel is configured as an LTPS TFT. In this case, a refresh section is divided
in an interlaced manner. Thus, during the refresh section, a time interval in which the switching TFT is driven can be
secured as much as possible, so that the reliability of the switching TFT can be secured and a luminance decrease
during the refresh section can be reduced.
[0063] FIG. 5 is a waveform diagram showing a gate signal in a low-speed driving mode of an OLED device according
to another exemplary embodiment of the present disclosure. FIG. 6 is a luminance graph in the low-speed driving mode
of the OLED device according to another exemplary embodiment of the present disclosure. The waveform diagram
according to another exemplary embodiment of the present disclosure shown in FIG. 5 and the luminance graph shown
in FIG. 6 are substantially the same as the waveform diagram shown in FIG. 3 and the luminance graph shown in FIG.
4 except the number of refresh sections. Therefore, a redundant explanation thereof will be omitted herein.
[0064] Referring to FIG. 5, the entire refresh section includes an odd-numbered refresh section and an even-numbered
refresh section. That is, if the entire refresh section includes k number of refresh sections, k is 2. For example, a low-
speed driving mode can maintain the entire refresh section for 16.6 msec and a horizontal holding section for 983.4
msec during a time period of 1 second. Thus, the odd-numbered refresh section may be maintained for 8.3 msec and
the even-numbered refresh section may also be maintained for 8.3 msec.
[0065] The odd-numbered refresh section refers to a section in which an odd-numbered gate line is refreshed, and
the even-numbered refresh section refers to a section in which an even-numbered gate line is refreshed.
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[0066] Referring to FIG. 5, during the odd-numbered refresh section, a shifted gate signal GS is supplied to each of
odd-numbered gate lines in sequence and during the even-numbered refresh section, the shifted gate signal GS is
supplied to each of even-numbered gate lines in sequence. Specifically, during the odd-numbered refresh section, a
scan signal is shifted in sequence and then supplied only to the odd-numbered gate lines and a scan signal in a low
state is supplied to the even-numbered gate lines. Likewise, during the even-numbered refresh section, a scan signal
is shifted in sequence and then supplied only to the even-numbered gate lines and a scan signal in a low state is supplied
to the odd-numbered gate lines. For example, during the odd-numbered refresh section ranging from 0 sec to 8.3 msec,
a shifted scan signal is supplied to a first gate line, a third gate line, and a fifth gate line in sequence and a scan signal
in a low state is supplied to the even-numbered gate lines. During the even-numbered refresh section ranging from 8.3
msec to 16.6 msec, a shifted scan signal is supplied to a second gate line, a fourth gate line, and a sixth gate line in
sequence and a scan signal in a low state is supplied to the odd-numbered gate lines.
[0067] FIG. 5 illustrates that the odd-numbered refresh section is present prior to the even-numbered refresh section
in the entire refresh section. However, the even-numbered refresh section may be present prior to the odd-numbered
refresh section.
[0068] In FIG. 6, a solid line is a graph showing a luminance change during a refresh section and a holding section
caused by a low-speed driving method according to the exemplary embodiment illustrated in FIG. 5.
[0069] Referring to FIG. 6, the luminance of the OLED device is decreased during the odd-numbered refresh section
and the luminance of the OLED device is decreased during the even-numbered refresh section by a low-speed driving
mode illustrated in FIG. 5. That is, during the entire refresh section, the luminance is decreased by being divided twice.
Specifically, during the odd-numbered refresh section, only pixels disposed on the odd-numbered gate lines are initialized
but pixels disposed on the even-numbered gate lines are not initialized. Therefore, a luminance decrease during the
odd-numbered refresh section is about 50% smaller than that in the case where all of the pixels are initialized. Also,
during the even-numbered refresh section, only pixels disposed on the even-numbered gate lines are initialized but
pixels disposed on the odd-numbered gate lines are not initialized. Therefore, a luminance decrease during the even-
numbered refresh section is about 50% smaller than that in the case where all of the pixels are initialized.
[0070] Therefore, a luminance decrease during the entire refresh section is divided into a luminance decrease during
the odd-numbered refresh section and a luminance decrease during the even-numbered refresh section. Thus, the
minimum values of luminance are remarkably increased. Accordingly, a luminance decrease which can be recognized
does not occur during the refresh section, so that a flicker phenomenon can be reduced even in the low-speed driving
mode.
[0071] Particularly, in an OLED device including a multi-type TFT, a switching TFT in a pixel is configured as an oxide
semiconductor TFT and a driving TFT in the pixel is configured as an LTPS TFT. In this case, a refresh section is divided
in an interlaced manner. Thus, during the refresh section, a time interval in which the switching TFT is driven can be
secured as much as possible, so that the reliability of the switching TFT can be secured and a luminance decrease
during the refresh section can be reduced.
[0072] FIG. 7 is a waveform diagram showing a gate signal in a low-speed driving mode of an OLED device according
to yet another exemplary embodiment of the present disclosure. FIG. 8 is a luminance graph in the low-speed driving
mode of the OLED device according to yet another exemplary embodiment of the present disclosure. The waveform
diagram according to yet another exemplary embodiment of the present disclosure shown in FIG. 7 and the luminance
graph shown in FIG. 8 are substantially the same as the waveform diagram shown in FIG. 5 and the luminance graph
shown in FIG. 6 except a refresh blank section. Therefore, a redundant explanation thereof will be omitted herein.
[0073] Referring to FIG. 7, a low-speed driving mode of the OLED device according to yet another exemplary embod-
iment of the present disclosure controls the gate signal GS such that a refresh blank section is included between an
odd-numbered refresh section and an even-numbered refresh section. That is, the entire refresh section includes the
odd-numbered refresh section, the even-numbered refresh section, and the refresh blank section. For example, the low-
speed driving mode can control each of the odd-numbered refresh section and the even-numbered refresh section to 8
msec while maintain the entire refresh section for 16.6 msec and also maintain a horizontal holding section for 983.4
msec while controlling the refresh blank section between the odd-numbered refresh section and the even-numbered
refresh section to 0.6 msec during a time period of 1 second.
[0074] In FIG. 8, a solid line is a graph showing a luminance change during a refresh section and a holding section
caused by a low-speed driving method according to the exemplary embodiment illustrated in FIG. 7.
[0075] Referring to FIG. 8, the luminance of the OLED device is decreased during the odd-numbered refresh section
and recovered during the refresh blank section and then the luminance of the OLED device is decreased during the
even-numbered refresh section by a low-speed driving mode illustrated in FIG. 7. That is, during the entire refresh
section, the luminance is decreased by being divided twice and there is a section in which the luminance is recovered
and maintained between the two luminance decreases.
[0076] Therefore, a luminance decrease during the odd-numbered refresh section and a luminance decrease during
the even-numbered refresh section may be separated by the refresh blank section. That is, a luminance decrease during
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the odd-numbered refresh section and a luminance decrease during the even-numbered refresh section are not over-
lapped with each other due to the refresh blank section. Thus, the refresh blank section suppresses an overlap of
luminance decreases between the odd-numbered refresh section and the even-numbered refresh section. Accordingly,
the refresh blank section can suppress worsening of a luminance decrease during the entire refresh section and also
reduce the luminance decrease in the entire refresh section.
[0077] Particularly, in an OLED device including a multi-type TFT, a switching TFT in a pixel is configured as an oxide
semiconductor TFT and a driving TFT in the pixel is configured as an LTPS TFT. In this case, a refresh section is divided
in an interlaced manner. Thus, during the refresh section, a time interval in which the switching TFT is driven can be
secured as much as possible, so that the reliability of the switching TFT can be secured and a luminance decrease
during the refresh section can be reduced.
[0078] That is, a luminance decrease during each of the odd-numbered refresh section and the even-numbered refresh
section is about 50% smaller than the luminance decrease during the entire refresh section in the case where the entire
refresh section is not divided. Particularly, since the luminance is not decreased during the refresh blank section, a
luminance decrease during the odd-numbered refresh section and a luminance decrease during the even-numbered
refresh section are separated. Thus, a luminance decrease during the entire refresh section can be further suppressed.
[0079] As such, the OLED device 100 includes a driving TFT and a switching TFT in the pixel driving circuit, and active
layers respectively constituting the driving TFT and the switching TFT may be prepared using materials different from
each other. As such, the TFTs having different properties from each other are used as the driving TFT and the switching
TFT in the single pixel driving circuit. Therefore, the OLED device 100 may include a multi-type TFT.
[0080] Specifically, in the OLED device 100 including a multi-type TFT, an LTPS TFT using low temperature poly-
silicon (hereinafter, referred to as "LTPS") is used as a TFT including an active layer formed of a poly-crystalline semi-
conductor material. The poly-silicon material has high mobility (100 cm2/Vs or more), low energy power consumption
and excellent reliability. Thus, the poly-silicon material can be applied to the gate driver 130 and/or a multiplexer (MUX)
for use in a driving device for driving TFTs for display device. Preferably, the poly-silicon material may be applied to
driving TFTs within the pixels P of the OLED device 100.
[0081] Further, in the OLED device 100 including a multi-type TFT, an oxide semiconductor TFT including an active
layer formed of an oxide semiconductor material is used. The oxide semiconductor material has a low off-current.
Therefore, the oxide semiconductor material may be suitable for switching TFTs which remain on for a short time and
off for a long time.
[0082] Particularly, the OLED device 100 including a multi-type TFT according to an exemplary embodiment of the
present disclosure includes the pixel driving circuit in which the switching TFT is configured as the oxide semiconductor
TFT and the driving TFT is configured as the LTPS TFT. However, in the OLED device 100 of the present disclosure,
the switching TFT is not limited to the oxide semiconductor TFT and the driving TFT is not limited to the LTPS TFT. The
OLED device 100 may have various configurations of a multi-type TFT. Further, in the OLED device 100 of the present
disclosure, the pixel driving circuit may include only one kind of TFTs instead of a multi-type TFT.
[0083] Further, in the OLED device 100 according to an exemplary embodiment of the present disclosure, the pixel
driving circuit including a coupling capacitor may have various configurations in order to improve a delay of a current
flowing in the organic light emitting diode caused by a difference in a threshold voltage (Vth) and mobility of the driving
TFT due to a process variation or the like and a voltage drop of a high-potential voltage (VDD).
[0084] In the pixel driving circuit including the coupling capacitor, a voltage Vg is rapidly increased at a gate node of
the driving TFT due to bootstrapping. A current loled without a delay flows in the organic light emitting diode so as to
correspond to a voltage Vgs between a gate and a source of the driving TFT. Therefore, the OLED device 100 of the
present disclosure can minimize a flicker phenomenon caused by a luminance decrease in the organic light emitting diode.

II. [Internal compensation] Vgs increase in driving TFT - 4T2C structure

Prior Art-Comparative Example

[0085] FIG. 9 is a circuit diagram showing a pixel circuit 800 in an OLED device according to the prior art.
[0086] Referring to FIG. 9, a pixel circuit 800 includes a driving TFT DT, three switching TFTs, and two capacitors.
[0087] The driving TFT DT includes a gate node as a first node N1 connected to a first switching TFT T1, a source
node as a second node N2 connected to a second switching TFT T2, and a drain node as a third node N3 connected
to a third switching TFT T3.
[0088] Specifically, the gate node of the driving TFT DT is electrically connected to a data line that supplies a data
voltage Vdata or a reference voltage Vref. Thus, the gate node of the driving TFT DT is connected to a source node of
the first switching TFT T1 so as to receive the data voltage Vdata or the reference voltage Vref. The drain node of the
driving TFT DT is electrically connected to a high-potential voltage (VDD) line. Thus, the drain node of the driving TFT
DT is connected to a source node of the third switching TFT T3 so as to receive a high-potential voltage VDD. The
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source node of the driving TFT DT is electrically connected to the organic light emitting diode. Specifically, the source
node of the driving TFT DT is connected to an anode of the organic light emitting diode and a source node of the second
switching TFT T2.
[0089] Therefore, if the third switching TFT T3 is turned on and the driving TFT DT is also turned on in response to
an emission control signal EM, the driving TFT DT controls the intensity of a current flowing in the organic light emitting
diode on the basis of a voltage applied to the gate node and the source node. Thus, the driving TFT DT can control the
luminance of the organic light emitting diode.
[0090] The first switching TFT T1 includes a gate node connected to a first scan signal (SCAN1) line, a drain node
connected to the data line, and the source node as the first node N1 connected to the driving TFT DT. Specifically, the
gate node of the first switching TFT T1 is connected to the SCAN1 line, and, thus, the first switching TFT T1 is turned
on or off in response to a first scan signal SCAN1. The drain node of the first switching TFT T1 is connected to the data
line so as to transfer the data voltage Vdata or the reference voltage Vref to the gate node of the driving TFT DT. The
source node of the first switching TFT T1 is directly connected to the gate node of the driving TFT DT.
[0091] Therefore, if the first scan signal SCAN1 is in a high state, the first switching TFT T1 is turned on so as to supply
the data voltage Vdata or the reference voltage Vref to the gate node of the driving TFT DT.
[0092] The second switching TFT T2 includes a gate node connected to a second scan signal (SCAN2) line, a drain
node connected to an initialization voltage (Vinit) line, and the source node connected to the source node of the driving
TFT DT. Specifically, in the gate node of the second switching TFT T2, the second switching TFT T2 is turned on when
a second scan signal SCAN2 is in a high state. The second switching TFT T2 supplies an initialization voltage Vinit to
the second node N2. The source node of the second switching TFT T2 is directly connected to the source node of the
driving TFT DT and the second node N2 connected to the anode of the organic light emitting diode.
[0093] Therefore, if the second scan signal SCAN2 is in a high state, the second switching TFT T2 is turned on so as
to supply the initialization voltage Vinit to the second node N2. Thus, the data voltage Vdata written on the organic light
emitting diode is initialized.
[0094] The third switching TFT T3 includes a gate node connected to an emission control signal (EM) line, a drain
node connected to the VDD line, and the source node connected to the drain node of the driving TFT DT. Specifically,
the gate node of the third switching TFT T3 is connected to the EM line, so that the third switching TFT T3 is turned on
when the emission control signal EM is in a high state. The drain node of the third switching TFT T3 is directly connected
to the VDD line.
[0095] Therefore, if the emission control signal EM is in a high state, the third switching TFT T3 is turned on so as to
supply the high-potential voltage VDD to the drain node of the driving TFT DT. Thus, the driving TFT DT adjusts the
amount of current in the organic light emitting diode depending on the data voltage Vdata.
[0096] The two capacitors may be storage capacitors configured to store a voltage applied to the gate node or the
source node of the driving TFT DT. Also, the two capacitors are connected in series at the source node of the driving
TFT DT.
[0097] A first capacitor C1 is electrically connected to the first node N1 as the gate node of the driving TFT DT and
the second node N2 as the source node of the driving TFT DT. Thus, the first capacitor C1 stores a voltage difference
between a voltage to be applied to the first node N1 and a voltage to be applied to the second node N2. A second
capacitor C2 is electrically connected to the second node N2 as the source node of the driving TFT DT and the VDD
line. Further, the second capacitor C2 is connected in series to the first capacitor C1 at the second node N2. Thus, the
second capacitor C2 stores a voltage according to voltage distribution with the first capacitor C1.
[0098] For example, the first capacitor C1 stores and samples a threshold voltage of the driving TFT DT as the voltage
difference between the first node N1 and the second node N2. Further, if the data voltage Vdata is applied, the first
capacitor C1 stores and programs a voltage determined by voltage distribution with the second capacitor C2. That is,
the first capacitor C1 and the second capacitor C2 sample the threshold voltage of the driving TFT DT according to a
source-follower method. If potentials of the first node N1 and the second node N2 are changed, the first capacitor C1
and the second capacitor C2 store the potentials of the first node N1 and the second node N2, respectively, by voltage
distribution. The sampling and the programming of the first capacitor C1 will be described later with reference to FIG. 10.
[0099] FIG. 10 is a waveform diagram showing a signal input into the pixel circuit 800 illustrated in FIG. 9 and a resultant
output signal. For convenience in explanation, FIG. 9 will be referred to hereinafter.
[0100] Referring to FIG. 10, a refresh section includes an initialization period t1, a sampling period t2, a programming
period t3, and an emission section t4. The refresh section may be set to about 1 horizontal period (1 H). In some exemplary
embodiments, the emission section t4 may not be included in the 1 horizontal period (1 H). During the refresh section,
data are written on pixels aligned on a horizontal line in a pixel array. Specifically, during the refresh section, the threshold
voltage of the driving TFT DT in the pixel circuit 800 is sampled and the data voltage Vdata is compensated by the
threshold voltage. Thus, the data voltage Vdata is compensated and written on a pixel in order to determine the amount
of current in the organic light emitting diode regardless of the threshold voltage. FIG. 10 illustrates that each of the
initialization period t1, the sampling period t2, the programming period t3, and the emission section t4 is maintained for
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the same duration time. However, a duration time for each of the initialization period t1, the sampling period t2, the
programming period t3, and the emission section t4 may be changed in various ways according to an exemplary em-
bodiment.
[0101] Firstly, when the initialization period t1 starts, the first scan signal SCAN1 and the second scan signal SCAN2
rise to a high state. At the same time, the emission control signal EM falls to a low state. Thus, during the initialization
period t1, the first switching TFT T1 and the second switching TFT T2 are turned on and the third switching TFT T3 is
turned off. Therefore, the reference voltage Vref is supplied to the first node N1 through the data line by the first switching
TFT T1. Also, the initialization voltage Vinit is supplied to the second node N2 through the Vinit line by the second
switching TFT T2. That is, since the initialization voltage Vinit is supplied to the second node N2 as the source node of
the driving TFT DT, the data voltage Vdata written on the organic light emitting diode is initialized.
[0102] During the sampling period t2, the first scan signal SCAN1 is maintained in a high state and the second scan
signal SCAN2 is maintained in a low state. The emission control signal EM rises when the sampling period t2 starts,
and then remains in a high state during the sampling period t2. Thus, during the sampling period t2, the first switching
TFT T1 and the third switching TFT T3 are turned on and the second switching TFT T2 is turned off. Therefore, the
reference voltage Vref is supplied to the first node N1 through the turned-on first switching TFT T1 and the high-potential
voltage VDD is supplied to the drain node of the driving TFT DT through the turned-on third switching TFT T3. That is,
during the sampling period t2, a voltage of the first node N1 is maintained at the reference voltage Vref and a voltage
of the second node N2 is increased by a current (hereinafter, referred to "Ids") between the drain and the source of the
driving TFT DT. In this case, a voltage (hereinafter, referred to as "Vgs") between the gate and the source of the driving
TFT DT is sampled as a threshold voltage of the driving TFT DT according to the source-follower method. The sampled
threshold voltage of the driving TFT DT is stored in the first capacitor C1. Thus, during the sampling period t2, a voltage
of the first node N1 is equal to the reference voltage Vref and a voltage of the second node N2 is equal to Vref-Vth.
[0103] During the programming period t3, the first scan signal SCAN1 is maintained in a high state and the second
scan signal SCAN2 is maintained in a low state. The emission control signal EM falls when the programming period t3
starts, and then remains in a low state during the programming period t3. Thus, during the programming period t3, only
the first switching TFT T1 is turned on and the second switching TFT T2 and the third switching TFT T3 are turned off.
Therefore, the data voltage Vdata is supplied to the first node N1 through the turned-on first switching TFT T1 and the
drain node and the source node of the driving TFT DT are floated.
[0104] During the programming period t3, the data voltage Vdata is supplied to the first node N1. Thus, a voltage
variation in the first node N1 is distributed between the first capacitor C1 and the second capacitor C2. A voltage of the
second node N2 is set to a voltage value as a result of voltage distribution. Specifically, a voltage variation in the first
node N1 is Vdata-Vref and a voltage variation in the second node N2 during the programming period t3 is C1 /(C1
+C2)*(Vdata-Vref) due to voltage distribution between the first capacitor C1 and the second capacitor C2 connected in
series to each other. That is, a voltage of the second node N2 becomes equal to the sum of Vref-Vth determined in the
sampling period t2 and C1/(C1+C2)*(Vdata-Vref) as the voltage variation in the second node N2 during the programming
period t3. In other words, the voltage of the second node N2 in the programming period t3 is equal to (Vref-
Vth)+C1/(C1+C2)*(Vdata-Vref) and Vgs of the driving TFT DT is programmed to be (1- C1/(C1+C2))*(Vdata-Vref)+Vth.
[0105] During the emission section t4, the first scan signal SCAN1 is maintained in a low state and the second scan
signal SCAN2 is also maintained in a low state. The emission control signal EM rises when the emission section t4
starts, and then remains in a high state during the emission section t4. Thus, during the emission section t4, the first
switching TFT T1 and the second switching TFT T2 are turned off and the third switching TFT T3 is turned on. Therefore,
the high-potential voltage VDD is supplied to the drain node of the driving TFT DT through the turned-on third switching
TFT T3 and a condition of Vds>Vgs>Vth is satisfied. Thus, a current flows to the organic light emitting diode through
the driving TFT DT. Specifically, during the emission period t4, a current (hereinafter, referred to as "loled") flowing in
the organic light emitting diode is adjusted by Vgs of the driving TFT DT and the organic light emitting diode emits light
due to loled. As such, loled flowing in the organic light emitting diode during the emission section t4 can be represented
by the following Equation 1.

[0106] Herein, k is a proportional constant reflecting various factors of the pixel circuit 800 and C’ is equal to C1/(C1+C2).
According to Equation 1, since Vth is eliminated from Equation 1, the current loled flowing in the organic light emitting
diode is not affected by the threshold voltage of the driving TFT DT.
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[0107] In a low-speed driving mode, the emission section t4 needs to be maintained until the next frame. However,
after the organic light emitting diode starts emitting light due to a parasitic capacitance in the pixel circuit 800 or a voltage
change in the pixel, loled is gradually decreased, and, thus, the luminance of the organic light emitting display device is
decreased. Further, a low luminance can be recognized, so that a flicker phenomenon may occur. Otherwise, after the
emission control signal EM is applied in the emission section t4, an increase rate of loled is decreased due to a parasitic
capacitance in the pixel circuit 800 or a voltage change in the pixel. Therefore, there is a delay in emission by the organic
light emitting diode with a sufficient luminance. Accordingly, a low luminance can be recognized, so that a flicker phe-
nomenon may occur.
[0108] Various examples of the present disclosure for reducing such a flicker phenomenon will be suggested below.

Example 1 -TFT-added structure

[0109] FIG. 11 is a circuit diagram showing a pixel circuit 1000 in an OLED device according to still another exemplary
embodiment of the present disclosure. FIG. 12 is a waveform diagram showing a signal input into the pixel circuit 1000
illustrated in FIG. 11 and a resultant output signal. A signal input into a pixel circuit 1000 illustrated in FIG. 12 is substantially
the same as the signal input into the pixel circuit 800 illustrated in FIG. 9. Therefore, a redundant explanation thereof
will be omitted herein. The pixel circuit 1000 illustrated in FIG. 11 is substantially the same as the pixel circuit 800
illustrated in FIG. 8 except that a fourth switching TFT T4 is further provided. Therefore, a redundant explanation thereof
will be omitted herein.
[0110] Referring to FIG. 11, the pixel circuit 1000 includes the driving TFT DT, four switching TFTs, and two capacitors.
[0111] The fourth switching TFT T4 includes a gate node connected to the SCAN2 line, a drain node connected to a
third node N3 as the source node of the third switching TFT T3, and a source node connected to the first node N1 as
the gate node of the driving TFT DT. Specifically, the gate node of the fourth switching TFT T4 is connected to the
SCAN2 line, and, thus, the fourth switching TFT T4 is turned on or off in response to the second scan signal SCAN2.
Thus, when the fourth switching TFT T4 is turned on in response to the second scan signal SCAN2, the first node N1
and the third node N3 are connected to each other. Thus, a voltage of the first node N1 and a voltage of the third node
N3 become identical to each other. That is, if the first scan signal SCAN1 is in a high state while the second scan signal
SCAN2 is in a high state, the reference voltage Vref is supplied to the first node N1. Therefore, the voltage of the third
node N3 becomes equal to the reference voltage Vref as the voltage of the first node N1.
[0112] Further, a parasitic capacitor is present between the drain node and the source node of the fourth switching
TFT T4. Thus, if the third switching TFT T3 is turned on in response to the emission control signal EM, the high-potential
voltage VDD is supplied to the third node N3 and the voltage of the third node N3 is coupled by the parasitic capacitor
of the fourth switching TFT T4. Therefore, a voltage of the gate node of the driving TFT DT as the first node N1 may be
increased. Further, an off-current in the driving TFT DT may be reduced by the parasitic capacitor of the fourth switching
TFT T4.
[0113] Therefore, when the organic light emitting diode starts emitting light, the voltage of the gate node of the driving
TFT DT may be increased and the off-current may be suppressed by the parasitic capacitor of the fourth switching TFT
T4. Accordingly, the voltage of the gate node of the driving TFT DT increased by the fourth switching TFT T4 may
increase Vgs of the driving TFT DT and suppress a decrease in loled in the horizontal holding section.
[0114] Referring to FIG. 12, when the initialization period t1 starts, the first scan signal SCAN1 and the second scan
signal SCAN2 rise to a high state. At the same time, the emission control signal EM falls to a low state. Thus, during the
initialization period t1, the first switching TFT T1, the second switching TFT T2, and the fourth switching TFT T4 are
turned on and the third switching TFT T3 is turned off. When the fourth switching TFT T4 is turned on, the first node N1
and the third node N3 are connected to each other. Thus, a voltage of the first node N1 and a voltage of the third node
N3 become identical to each other.
[0115] Therefore, during the initialization period t1, Vg as the voltage of the first node N1 is equal to the reference
voltage Vref. Also, the initialization voltage Vinit is supplied to the second node N2 by the second switching TFT T2
through the Vinit line. That is, since the initialization voltage Vinit is supplied to the second node N2 as the source node
of the driving TFT DT, the data voltage Vdata written on the organic light emitting diode is initialized.
[0116] During the sampling period t2, the first scan signal SCAN1 is maintained in a high state and the second scan
signal SCAN2 is maintained in a low state. The emission control signal EM rises when the sampling period t2 starts,
and then remains in a high state during the sampling period t2. Thus, during the sampling period t2, the first switching
TFT T1 and the third switching TFT T3 are turned on and the second switching TFT T2 and the fourth switching TFT T4
are turned off.
[0117] Therefore, the reference voltage Vref is supplied to the first node N1 through the turned-on first switching TFT
T1 and the high-potential voltage VDD is supplied to the drain node of the driving TFT DT through the turned-on third
switching TFT T3. The parasitic capacitor of the fourth switching TFT T4 couples the third node N3 to the first node N1.
That is, during the sampling period t2, the high-potential voltage VDD is supplied to the third node N3 and the voltage
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of the first node N1 becomes higher than the reference voltage Vref due to coupling by the parasitic capacitor. A voltage
of the second node N2 is increased by Ids of the driving TFT DT. According to the source-follower method, Vgs of the
driving TFT DT is sampled as a threshold voltage of the driving TFT DT and the sampled threshold voltage of the driving
TFT DT is stored in the first capacitor C1.
[0118] During the programming period t3, the first scan signal SCAN1 is maintained in a high state and the second
scan signal SCAN2 is maintained in a low state. The emission control signal EM falls when the programming period t3
starts, and then remains in a low state during the programming period t3. Thus, during the programming period t3, only
the first switching TFT T1 is turned on and the second switching TFT T2, the third switching TFT T3, and the fourth
switching TFT T4 are turned off. Therefore, the data voltage Vdata is supplied to the first node N1 through the turned-
on first switching TFT T1 and the drain node and the source node of the driving TFT DT are floated.
[0119] Therefore, during the programming period t3, Vgs of the driving TFT DT is programmed on the basis of the
threshold voltage of the driving TFT DT sampled in the sampling period t2 and the voltage increased by the fourth
switching TFT T4.
[0120] During the emission section t4, the first scan signal SCAN1 is maintained in a low state and the second scan
signal SCAN2 is also maintained in a low state. The emission control signal EM rises when the emission section t4
starts, and then remains in a high state. Thus, during the emission section t4, the first switching TFT T1, the second
switching TFT T2, and the fourth switching TFT T4 are turned off and the third switching TFT T3 is turned on.
[0121] Therefore, the high-potential voltage VDD may be supplied to the drain node of the driving TFT DT through the
turned-on third switching TFT T3. Also, a voltage of the gate node of the driving TFT DT may be increased due to coupling
by the parasitic capacitor of the fourth switching TFT T4. During the horizontal holding section in which the organic light
emitting diode continuously emits light, loled is rarely decreased due to the parasitic capacitor of the fourth switching
TFT T4.
[0122] Specifically, the parasitic capacitor of the fourth switching TFT T4 may increase the voltage of the gate node
of the driving TFT DT by coupling when the emission of light starts. Then, in the horizontal holding section, the parasitic
capacitor of the fourth switching TFT T4 may suppress a decrease in the voltage of the gate node of the driving TFT DT
by coupling. Accordingly, loled is rarely decreased.
[0123] FIG. 13 is an loled graph provided to show the effects of Comparative Example and Example. Herein, Com-
parative Example is loled in the OLED device according to the prior art illustrated in FIG. 9, and Example is loled in the
OLED device according to still another exemplary embodiment of the present disclosure illustrated in FIG. 11.
[0124] Referring to FIG. 13, in Comparative Example, after the emission of light starts, loled was decreased by about
48% during the horizontal holding section. In Example, after the emission of light starts, loled was decreased by only
about 1% during the horizontal holding section.
[0125] That is, according to Example of the present disclosure, the parasitic capacitor of the fourth switching TFT T4
increases the voltage of the first node N1 by coupling during the initialization period t1 and suppresses a decrease in
Vgs of the driving TFT DT by coupling during the emission section t4 and the horizontal holding section. Thus, loled can
be maintained almost constantly during the horizontal holding section.
[0126] Particularly, if a switching TFT in a pixel is configured as an oxide semiconductor TFT and a driving TFT DT
in the pixel is configured as an LTPS TFT, Vgs of the driving TFT DT is increased. Thus, a delay in loled may be decreased
and a response speed of the driving TFT DT may be improved.
[0127] Further, according to Example of the present disclosure, a delay in loled can be decreased and a flicker
phenomenon which may occur due to a luminance decrease during the horizontal holding section caused by an off-
current of the driving TFT DT can be remarkably reduced.

Example 2 - Capacitor-added structure

[0128] Hereinafter, a pixel of the present disclosure will be described in detail. FIG. 14 is a driving circuit diagram of
the pixel illustrated in FIG. 1.
[0129] Referring to FIG. 14, a pixel P includes an organic light emitting diode OLED and a pixel driving circuit 200
including four transistors and three capacitors and configured to drive the organic light emitting diode OLED.
[0130] Specifically, the pixel driving circuit 200 includes a driving transistor DT, first to third switching transistor T1 to
T3, and first to third capacitors C1 to C3.
[0131] In this case, the first capacitor C1 and the second capacitor C2 may be storage capacitors and the third capacitor
C3 may be a coupling capacitor.
[0132] The driving TFT DT includes a gate node as a first node N1 connected to the first switching TFT T1, a source
node as a second node N2 connected to the second switching TFT T2, and a drain node connected to the third switching
TFT T3.
[0133] Specifically, the gate node of the driving TFT DT is electrically connected to the data line DL that supplies the
data voltage Vdata or the reference voltage Vref. Thus, the gate node of the driving TFT DT is connected to a source
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node of the first switching TFT T1 so as to receive the data voltage Vdata or the reference voltage Vref. The drain node
of the driving TFT DT is electrically connected to the high-potential voltage VDD line. Thus, the drain node of the driving
TFT DT is connected to a source node of the third switching TFT T3 so as to receive the high-potential voltage VDD.
The source node of the driving TFT DT is electrically connected to the organic light emitting diode. Specifically, the
source node of the driving TFT DT is connected to an anode of the organic light emitting diode and a source node of
the second switching TFT T2.
[0134] Therefore, if the third switching TFT T3 is turned on and the driving TFT DT is also turned on in response to
the emission control signal EM, the driving TFT DT controls the intensity of a current loled flowing in the organic light
emitting diode on the basis of a voltage applied to the gate node and the source node. Thus, the driving TFT DT can
control the luminance of the organic light emitting diode.
[0135] The first switching TFT T1 includes a gate node connected to the SCAN1 line, a drain node connected to the
data line, and the source node as the first node N1 connected to the driving TFT DT. Specifically, the gate node of the
first switching TFT T1 is connected to the SCAN1 line, and, thus, the first switching TFT T1 is turned on or off in response
to the first scan signal SCAN1. The drain node of the first switching TFT T1 is connected to the data line DL so as to
transfer the data voltage Vdata or the reference voltage Vref to the gate node of the driving TFT DT. The source node
of the first switching TFT T1 is directly connected to the gate node of the driving TFT DT.
[0136] Therefore, if the first scan signal SCAN1 is in a high state, the first switching TFT T1 is turned on so as to supply
the data voltage Vdata or the reference voltage Vref to the gate node of the driving TFT DT.
[0137] The second switching TFT T2 includes a gate node connected to the SCAN2 line, a drain node connected to
the Vinit line, and the source node connected to the source node of the driving TFT DT. Specifically, the second switching
TFT T2 is turned on when the second scan signal SCAN2 is in a high state. The second switching TFT T2 supplies the
initialization voltage Vinit to the second node N2. The source node of the second switching TFT T2 is directly connected
to the source node of the driving TFT DT and the second node N2 connected to the anode of the organic light emitting diode.
[0138] Therefore, if the second scan signal SCAN2 is in a high state, the second switching TFT T2 is turned on so as
to supply the initialization voltage Vinit to the second node N2. Thus, the data voltage Vdata written on the organic light
emitting diode is initialized.
[0139] The third switching TFT T3 includes a gate node as a third node N3 connected to the EM line, a drain node
connected to the VDD line, and the source node connected to the drain node of the driving TFT DT. Specifically, the
gate node of the third switching TFT T3 is connected to the EM line, so that the third switching TFT T3 is turned on when
the emission control signal EM is in a high state. The drain node of the third switching TFT T3 is directly connected to
the VDD line.
[0140] Therefore, if the emission control signal EM is in a high state, the third switching TFT T3 is turned on so as to
supply the high-potential voltage VDD to the drain node of the driving TFT DT. Thus, the driving TFT DT adjusts the
amount of current in the organic light emitting diode depending on the data voltage Vdata.
[0141] The first capacitor C1 and the second capacitor C2 may be storage capacitors configured to store a voltage to
be applied to the gate node or the source node of the driving TFT DT. Also, the two storage capacitors are connected
in series at the source node of the driving TFT DT.
[0142] The first capacitor C1 is electrically connected to the first node N1 as the gate node of the driving TFT DT and
the second node N2 as the source node of the driving TFT DT. Thus, the first capacitor C1 stores a voltage difference
between a voltage to be applied to the first node N1 and a voltage to be applied to the second node N2. The second
capacitor C2 is electrically connected to the second node N2 as the source node of the driving TFT DT and the VDD
line. Further, the second capacitor C2 is connected in series to the first capacitor C1 at the second node N2. Thus, the
second capacitor C2 stores a voltage according to voltage distribution with the first capacitor C1.
[0143] For example, the first capacitor C1 stores and samples a threshold voltage Vth of the driving TFT DT as the
voltage difference between the first node N1 and the second node N2. Further, if the data voltage Vdata is applied, the
first capacitor C1 stores and programs a voltage determined by voltage distribution with the second capacitor C2. That
is, the first capacitor C1 and the second capacitor C2 sample the threshold voltage Vth of the driving TFT DT according
to the source-follower method. If potentials of the first node N1 and the second node N2 are changed, the first capacitor
C1 and the second capacitor C2 store the potentials of the first node N1 and the second node N2, respectively, by
voltage distribution.
[0144] Referring to FIG. 14, the third capacitor C3 of the pixel driving circuit 200 according to an exemplary embodiment
of the present disclosure is disposed between the third node N3 as the gate node of the third switching TFT T3 and the
first node N1 as the gate node of the driving TFT DT. That is, the third capacitor C3 is disposed between the EM line
and the first node N1 as being electrically connected thereto.
[0145] Therefore, if the emission control signal EM is in a high state, the first node N1 is charged with a rapidly increased
and bootstrapped voltage by capacitive coupling between the first capacitor C1 and the third capacitor C3. That is, if the
emission control signal EM is in a high state, the emission control signal EM is supplied to the third node N3 and a
voltage of the first node N1 is rapidly increased due to capacitive coupling between the first and third capacitors C1 and
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C3. Further, since the voltage of the first node N1, i.e., a voltage of the gate node of the driving TFT DT, is increased,
a voltage of the source node of the driving TFT DT is also increased.
[0146] Therefore, if the third switching TFT T3 is turned on in response to the emission control signal EM, the high-
potential voltage VDD is applied to the drain node of the driving TFT DT. Further, a gate voltage of the driving TFT DT
is rapidly increased due to capacitive coupling between the first capacitor C1 and the third capacitor C3. Then, the
second node N2 as the source node of the driving TFT DT is also rapidly increased.
[0147] As a result, in the pixel driving circuit 200 in which the current loled flowing in the organic light emitting diode
is adjusted by Vgs of the driving TFT DT and the organic light emitting diode emits light due to loled, the intensity of
loled can also be more rapidly increased due to capacitive coupling between the first capacitor C1 and the third capacitor
C3.
[0148] Therefore, a rapid increase in a voltage applied to the gate node of the driving TFT DT caused by capacitive
coupling can remarkably decrease a delay in time of increasing the current loled flowing in the organic light emitting diode.
[0149] In addition, capacitive coupling which occurs when two capacitors are connected in series to each other will
be described.
[0150] The capacitors tend to maintain a voltage difference between both ends and are mutually involved in their
values by capacitive coupling. This is closely related to the conservation law of electrical charge. The conservation law
of electrical charge is represented by the following Equation 2.

[0151] Herein, Q1 and Q2 are charges and C1 and C2 are capacitors. According to Equation 2, a voltage variation of
one end of a capacitor shown in Equation 2 is related to a voltage value changed by capacitive coupling.
[0152] Referring to FIG. 14, in the pixel driving circuit 200 of the present disclosure, a voltage of the gate node of the
driving TFT DT is affected by the first capacitor C1 and the third capacitor C3 and thus increased due to capacitive
coupling. Such a phenomenon is referred to as bootstrapping.
[0153] FIG. 15 is a waveform diagram showing a signal input into the pixel driving circuit 200 illustrated in FIG. 14 and
a resultant output signal. For convenience in explanation, FIG. 14 and FIG. 15 will be referred to hereinafter.
[0154] Referring to FIG. 15, a refresh section includes an initialization period t1, a sampling period t2, a programming
period t3, and an emission section t4. The refresh section may be set to about 1 horizontal period (1 H). In some exemplary
embodiments, the emission section t4 may not be included in the 1 horizontal period (1 H). During the refresh section,
data are written on pixels aligned on a horizontal line in a pixel array. Specifically, during the refresh section, the threshold
voltage Vth of the driving TFT DT in the pixel driving circuit 200 is sampled and the data voltage Vdata is compensated
by the threshold voltage Vth. Thus, the data voltage Vdata is compensated and written on a pixel in order to determine
the amount of current in the organic light emitting diode regardless of the threshold voltage Vth.
[0155] FIG. 15 illustrates that each of the initialization period t1, the sampling period t2, the programming period t3,
and the emission section t4 is maintained for the same duration time. However, a duration time for each of the initialization
period t1, the sampling period t2, the programming period t3, and the emission section t4 may be changed in various
ways according to an exemplary embodiment.
[0156] Firstly, when the initialization period t1 starts, the first scan signal SCAN1 and the second scan signal SCAN2
rise to a high state. At the same time, the emission control signal EM falls to a low state. Thus, during the initialization
period t1, the first switching TFT T1 and the second switching TFT T2 are turned on and the third switching TFT T3 is
turned off.
[0157] Therefore, the reference voltage Vref is supplied to the first node N1 through the data line by the first switching
TFT T1. During the initialization period t1, the first node N1 is charged with the reference voltage Vref. Also, the initialization
voltage Vinit is supplied to the second node N2 through the Vinit line by the second switching TFT T2. That is, since the
initialization voltage Vinit is supplied to the second node N2 as the source node of the driving TFT DT, the data voltage
Vdata written on the organic light emitting diode is initialized to the initialization voltage Vinit.
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[0158] During the sampling period t2, the first scan signal SCAN1 is maintained in a high state and the second scan
signal SCAN2 is maintained in a low state. The emission control signal EM rises when the sampling period t2 starts,
and then remains in a high state during the sampling period t2. Thus, during the sampling period t2, the first switching
TFT T1 and the third switching TFT T3 are turned on and the second switching TFT T2 is turned off.
[0159] During the sampling period t2, the reference voltage Vref is continuously supplied to the first node N1 through
the turned-on first switching TFT T1 and the high-potential voltage VDD is supplied to the drain node of the driving TFT
DT through the turned-on third switching TFT T3.
[0160] Then, the emission control signal EM in a high state is supplied during the sampling period t2. Thus, the third
switching TFT T3 is turned on and the voltage of the first node N1 is rapidly increased due to capacitive coupling between
the first capacitor C1 and the third capacitor C3. Also, since the first scan signal SCAN1 is maintained in a high state,
the first switching TFT T1 is turned on and the reference voltage Vref is continuously supplied to the first node N1. That
is, during the sampling period t2, the voltage of the first node N1 is rapidly increased by as much as a voltage coupled
to the reference voltage Vref.
[0161] That is, during the sampling period t2, the voltage of the first node N1 is not maintained at the reference voltage
Vref and becomes higher than the reference voltage Vref due to coupling by the third capacitor C3. Thus, during the
sampling period t2, the first node N1 may be applied with a voltage (hereinafter, referred to as "V’ref") higher than the
reference voltage Vref and the second node N2 may be applied with a voltage equal to V’ref minus the threshold voltage
Vth. The voltage of the second node N2 is rapidly increased by a current (hereinafter, referred to "Ids") between the
drain and the source of the driving TFT DT.
[0162] In this case, a voltage (hereinafter, referred to as "Vgs") between the gate and the source of the driving TFT
DT is sampled as the threshold voltage Vth of the driving TFT DT according to the source-follower method. The sampled
threshold voltage Vth of the driving TFT DT is stored in the first capacitor C1.
[0163] During the programming period t3, the first scan signal SCAN1 is maintained in a high state and the second
scan signal SCAN2 is maintained in a low state. The emission control signal EM falls when the programming period t3
starts, and then remains in a low state during the programming period t3. Thus, during the programming period t3, only
the first switching TFT T1 is turned on and the second switching TFT T2 and the third switching TFT T3 are turned off.
Therefore, the data voltage Vdata is supplied to the first node N1 through the turned-on first switching TFT T1 and the
drain node and the source node of the driving TFT DT are floated.
[0164] Therefore, during the programming period t3, Vgs of the driving TFT DT is programmed on the basis of the
threshold voltage Vth of the driving TFT DT sampled in the sampling period t2 and the voltage V’ref increased due to
coupling by the third capacitor C3.
[0165] Also, during the programming period t3, the data voltage Vdata is supplied to the first node N1. Thus, the
voltage of the first node N1 is changed. Then, the voltage of the second node rapidly increased during the sampling
period t2 may be changed to a voltage reflecting the data voltage Vdata supplied to the first node N1 due to electrical
connection to the first capacitor C1 and the second capacitor C2.
[0166] Therefore, during the programming period t3, the data voltage Vdata is supplied to the first node N1. Thus, a
voltage variation in the first node N1 is distributed between the first capacitor C1 and the second capacitor C2. The
voltage of the second node N2 is set to a voltage value as a result of voltage distribution. Specifically, a voltage variation
in the first node N1 is Vdata-V’ref and a voltage variation in the second node N2 during the programming period t3 is
C1/(C1+C2)*(Vdata-V’ref) due to voltage distribution between the first capacitor C1 and the second capacitor C2 con-
nected in series to each other. That is, a voltage of the second node N2 becomes equal to the sum of V’ref-Vth determined
in the sampling period t2 and C1/(C1+C2)*(Vdata-V’ref) as the voltage variation in the second node N2 during the
programming period t3. In other words, the voltage of the second node N2 in the programming period t3 is equal to
(V’ref-Vth)+C1/(C1+C2)*(Vdata-V’ref) and Vgs of the driving TFT DT is programmed to be (1- C1/(C1+C2))*(Vdata-
V’ref)+Vth.
[0167] For example, if V’ref is increased to be similar to the data voltage Vdata by coupling of the third capacitor C3,
Vgs of the driving TFT DT is constantly maintained at the sampled voltage.
[0168] During the emission section t4, the current loled flowing in the organic light emitting diode is adjusted by Vgs
of the driving TFT DT and the organic light emitting diode emits light due to loled. As such, loled flowing in the organic
light emitting diode during the emission section t4 can be represented by the following Equation 3.
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[0169] Herein, k is a proportional constant reflecting various factors of the pixel circuit 200 and C’ is equal to C1/(C1+C2).
According to Equation 3, since the threshold voltage Vth is eliminated from Equation 3, the current loled flowing in the
organic light emitting diode is not affected by the threshold voltage Vth of the driving TFT DT.
[0170] According to the prior art, after the emission control signal EM is applied in the emission section t4, an increase
rate of loled is decreased due to a parasitic capacitance in the pixel circuit 200 or a voltage change in the pixel. Thus,
there is a delay in emission by the organic light emitting diode with a sufficient luminance. Accordingly, a low luminance
can be recognized, so that a flicker phenomenon may occur.
[0171] Referring to FIG. 15, during the emission section t4, the first scan signal SCAN1 is maintained in a low state
and the second scan signal SCAN2 is also maintained in a low state. The emission control signal EM rises when the
emission section t4 starts, and then remains in a high state. Thus, during the emission section t4, the first switching TFT
T1 and the second switching TFT T2 are turned off and the third switching TFT T3 is turned on.
[0172] Therefore, if the emission control signal EM is in a high state, the third switching TFT T3 is turned on so as to
supply the high-potential voltage VDD to the drain node of the driving TFT DT. Thus, the driving TFT DT adjusts the
amount of current in the organic light emitting diode depending on the data voltage Vdata.
[0173] During the emission section t4, the high-potential voltage VDD is supplied to the drain node of the driving TFT
DT through the turned-on third switching TFT T3. The voltages of the first node N1, i.e., the gate node of the driving TFT
DT, and the second node N2, i.e., the source node, rapidly increased due to coupling by the third capacitor C3 function
to minimize a delay of the current loled flowing in the organic light emitting diode.
[0174] FIG. 16 is a circuit diagram showing a pixel driving circuit in an OLED device according to another exemplary
embodiment of the present disclosure.
[0175] A pixel circuit illustrated in FIG. 16 is substantially the same as the pixel driving circuit illustrated in FIG. 14
except the alignment of a third capacitor. Therefore, a redundant explanation thereof will be omitted herein. That is, a
pixel driving circuit 300 of the present disclosure is substantially the same as the pixel driving circuit 200 illustrated in
FIG. 14 except a node connected to the third capacitor C3 which is a coupling capacitor. Therefore, a redundant expla-
nation thereof will be omitted herein.
[0176] Referring to FIG. 16, the pixel driving circuit 300 includes a driving TFT DT, three switching TFT, a first capacitor
C1, a second capacitor C2, and a third capacitor C3. In this case, the first capacitor C1 and the second capacitor C2
may be storage capacitors and the third capacitor C3 may be a coupling capacitor.
[0177] The third capacitor C3 is disposed between the third node N3 as the gate node of the third switching TFT T3
and a fourth node N4 as the drain node of the driving TFT DT. That is, the third capacitor C3 is disposed between the
EM line and the fourth node N4 as being electrically connected thereto.
[0178] Therefore, if the emission control signal EM is in a high state, a constant voltage is charged between the third
node N3 and the fourth node N4 by the third capacitor C3. That is, the emission control signal EM is supplied to the third
node N3 and a voltage of the fourth node N4 is rapidly increased due to capacitive coupling between the first capacitor
C1 and the third capacitor C3.
[0179] Further, a parasitic capacitor Cpara may be present between the first node N1 as the gate node of the driving
TFT DT and the fourth node N4 as the drain node of the driving TFT DT. The parasitic capacitor Cpara of the driving
TFT DT and the first capacitor C1 may form a second capacitive coupling subsequent to the capacitive coupling between
the first capacitor C1 and the third capacitor C3.
[0180] Therefore, if the emission control signal EM is in a high state, the voltage of the fourth node N4 is increased
due to coupling by the third capacitor C3 and the voltage of the first node N1 is increased due to coupling by the parasitic
capacitor Cpara of the driving TFT DT. Therefore, the voltage of the first node N1 is rapidly increased due to double
coupling by the third capacitor C3 and the parasitic capacitor Cpara of the driving TFT DT.
[0181] In other words, if the emission control signal EM is in a high state, the voltage of the fourth node N4 is increased.
Therefore, the voltage of the first node N1 as the gate node of the driving TFT DT is also rapidly increased due to the
second capacitive coupling.
[0182] Therefore, if the third switching TFT T3 is turned on in response to the emission control signal EM, the high-
potential voltage VDD is applied to the drain node of the driving TFT DT. Further, a gate voltage of the driving TFT DT
is rapidly increased due to double capacitive coupling by the third capacitor C3 and the parasitic capacitor Cpara.
[0183] Also, a voltage of the second node N2 may be equal to the voltage of the first node N1 minus the threshold
voltage Vth. The voltage of the second node N2 is rapidly increased by a current (hereinafter, referred to "Ids") between
the drain and the source of the driving TFT DT.
[0184] As a result, in the pixel driving circuit 300 in which the current loled flowing in the organic light emitting diode
is adjusted by Vgs of the driving TFT DT and the organic light emitting diode emits light due to loled, the intensity of
loled can also be more rapidly increased due to double capacitive coupling by the third capacitor C3 and the parasitic
capacitor Cpara.
[0185] Also, a rapid increase in a voltage applied to the gate node of the driving TFT DT caused by capacitive coupling
can remarkably decrease a delay in time of increasing loled.



EP 3 264 406 A1

19

5

10

15

20

25

30

35

40

45

50

55

[0186] FIG. 17 is a graph showing a change in loled in an OLED device according to another exemplary embodiment
of the present disclosure. Also, FIG. 17 illustrates Comparative Example and Examples to show a change in loled.
[0187] Herein, Example 1 is loled in the OLED device according to an exemplary embodiment of the present disclosure
illustrated in FIG. 14, and Example 2 is loled in the OLED device according to another exemplary embodiment of the
present disclosure illustrated in FIG. 16.
[0188] Herein, FIG. 17 is a graph showing a change in loled according to time. In FIG. 17, the time starts from when
the emission control signal EM is supplied to the pixel driving circuit.
[0189] Referring to FIG. 17, in Comparative Example, a delay of loled is about 350 ms and the maximum intensity of
Ioled is about 1 nA. Meanwhile, in Example 1, a delay of Ioled is about 35 ms and the maximum intensity of Ioled is about
5 nA and in Example 2, a delay of Ioled is about 25 ms and the maximum intensity of loled is about 10 nA.
[0190] That is, even if the maximum value of loled is different in each Example, a delay of loled in each of Examples
of the present disclosure can be remarkably decreased as compared with Comparative Example.
[0191] According to Examples of the present disclosure, the voltage of the gate node of the driving TFT DT is rapidly
increased by the third capacitor C3 and the parasitic capacitor Cpara which are coupling capacitors. Thus, when the
emission section t4 starts, loled is rapidly increased, so that a delay of loled can be remarkably decreased.

III. [Internal compensation] Increase in Vgs of driving TFT DT - 6T1C structure

Prior Art-Comparative Example

[0192] FIG. 18 is a circuit diagram showing a pixel circuit in an OLED device according to the prior art.
[0193] Referring to FIG. 18, a pixel circuit 1700 includes a driving TFT DT, five switching TFTs, and a capacitor.
[0194] The driving TFT DT includes a gate node connected to a node of the capacitor, a drain node electrically
connected to a second switching TFT T2 and a third switching TFT T3, and a source node electrically connected to a
first switching TFT T1 and a fourth switching TFT T4.
[0195] Specifically, the gate node of the driving TFT DT stores the high-potential voltage VDD when the second
switching TFT T2 and the third switching TFT T3 are turned on. If the data voltage Vdata is supplied in a state where
the second switching TFT T2 is turned on, the data voltage Vdata is written on the gate node of the driving TFT DT
according to the source-follower method. The driving TFT DT supplies a driving current to an organic light emitting diode
in response to an emission control signal and controls the luminance of the organic light emitting diode depending on
the amount of current.
[0196] The first switching TFT T1 includes a gate node connected to the SCAN2 line, a drain node connected to the
data line, and a source node connected to the source node of the driving TFT DT. Thus, the first switching TFT T1 is
turned on or off in response to the second scan signal SCAN2. That is, if the second scan signal SCAN2 in a high state
is supplied to the gate node of the first switching TFT T1, the data voltage Vdata is supplied from the drain node of the
first switching TFT T1 to a third node N3 as the source node of the driving TFT DT.
[0197] The second switching TFT T2 includes a gate node connected to the SCAN1 line, a drain node connected to
a drain node of the driving TFT DT and a drain node of the third switching TFT T3, and the source node connected to
the gate node of the driving TFT DT. Thus, the second switching TFT T2 may be turned on in response to the first scan
signal SCAN1. That is, if the first scan signal SCAN1 is in a high state, the second switching TFT T2 is turned on. Thus,
the second switching TFT T2 transfers a voltage in a first node N1 as the drain node of the driving TFT DT to a second
node N2 as the gate node of the driving TFT DT.
[0198] Therefore, if the first scan signal SCAN1 is in a high state, the second switching TFT T2 supplies the high-
potential voltage VDD of the first node N1 or the sampled voltage of the driving TFT DT to the second node N2. Thus,
the data voltage Vdata written on the organic light emitting diode is initialized, or the data voltage Vdata is written and
the threshold voltage of the driving TFT DT is sampled.
[0199] The third switching TFT T3 includes a gate node connected to an nth emission control signal (EM[n]) line, a
drain node connected to the VDD line, and the source node connected to the drain node of the driving TFT DT. Thus,
the third switching TFT T3 may be turned on in response to an nth emission control signal EM[n]. That is, if the nth
emission control signal EM[n] is in a high state, the third switching TFT T3 is turned on. Thus, the third switching TFT
T3 supplies the high-potential voltage VDD from the source node to the first node N1 as the drain node of the driving
TFT DT.
[0200] Therefore, if the emission control signal is in a high state, the third switching TFT T3 supplies the high-potential
voltage VDD to the drain node of the driving TFT DT. Thus, the driving TFT DT adjusts the amount of current in the
organic light emitting diode depending on the data voltage Vdata.
[0201] The fourth switching TFT T4 includes a gate node connected to an n-1th emission control signal (EM[n-1]) line,
a drain node connected to the source node of the driving TFT DT, and a source node connected to the organic light
emitting diode. Thus, the fourth switching TFT T4 may be turned on in response to an n-1th emission control signal
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EM[n-1]. That is, if the n-1th emission control signal EM[n-1] is in a high state, the fourth switching TFT T4 is turned on.
Thus, the third node N3 as the source node of the driving TFT DT and a fourth node N4 as the source node of the fourth
switching TFT T4 are connected to each other.
[0202] Therefore, if the fourth switching TFT T4 is turned on in response to the n-1th emission control signal EM[n-1],
a voltage of the third node N3 is supplied to the fourth node N4. If the fourth switching TFT T4, the driving TFT DT, and
the third switching TFT T3 are turned on, the high-potential voltage VDD is supplied to the driving TFT DT and a driving
current is supplied to the organic light emitting diode. Thus, the organic light emitting diode emits light.
[0203] The fifth switching TFT T5 includes a gate node connected to the SCAN1 line, a source node connected to the
Vinit line, and a drain node connected to a fourth node N4 as an anode of the organic light emitting diode. Thus, the fifth
switching TFT T5 may be turned on in response to the first scan signal SCAN1. That is, if the first scan signal SCAN1
is in a high state, the fifth switching TFT T5 is turned on. Thus, the initialization voltage Vinit is supplied to the fourth node N4.
[0204] Therefore, if the fifth switching TFT T5 is turned on in response to the first scan signal SCAN1, the initialization
voltage Vinit is supplied to the fourth node N4, so that the data voltage Vdata written on the organic light emitting diode
is initialized.
[0205] The capacitor may be a storage capacitor Cst that stores a voltage to be applied to the gate node of the driving
TFT DT. In this case, the capacitor is disposed between the second node N2 as the gate node of the driving TFT DT
and a fourth node N4 electrically connected to the anode of the organic light emitting diode. That is, the capacitor is
electrically connected to the second node N2 and the fourth node N4 and configured to store a voltage difference between
a voltage to be applied to the gate node of the driving TFT DT and a voltage to be applied to the anode of the organic
light emitting diode.
[0206] FIG. 19 is a waveform diagram showing a signal input into the pixel circuit 1700 illustrated in FIG. 18 and a
resultant output signal. For convenience in explanation, FIG. 18 will be referred to hereinafter.
[0207] Referring to FIG. 19, the data voltage Vdata is written on each of pixels passing through an initialization period
t1, a sampling period t2, a voltage holding section t3, a connection section t4, and an emission section t5 and disposed
on a horizontal line. Then, each of the pixels emits light. FIG. 19 illustrates that each of the initialization period t1, the
sampling period t2, the voltage holding section t3, the connection section t4, and the emission section t5 is maintained
for the same duration time. However, a duration time for each of the initialization period t1, the sampling period t2, the
voltage holding section t3, the connection section t4, and the emission section t5 may be changed in various ways
according to an exemplary embodiment. For example, the voltage holding section t3 may be shorter than the other
sections.
[0208] Firstly, when the initialization period t1 starts, the first scan signal SCAN1 rises to a high state and the second
scan signal SCAN2 is maintained in a low state. At the same time, the n-1th emission control signal EM[n-1 is maintained
in a low state and the nth emission control signal EM[n] falls from a high state to a low state during the initialization
period t1. Thus, during the initialization period t1, the second switching TFT T2 and the fifth switching TFT T5 are turned
on and the first switching TFT T1 and the fourth switching TFT T4 are turned off. Further, the third switching TFT T3 is
turned on only in a section in which the nth emission control signal EM[n] is in a high state. When the nth emission
control signal EM[n] falls to a low state, the third switching TFT T3 is turned off. Therefore, the initialization voltage Vinit
is supplied to the fourth node N4 through the fifth switching TFT T5. While the third switching TFT T3 is turned on, the
high-potential voltage VDD is supplied to the second node N2 through the second switching TFT T2. That is, since the
initialization voltage Vinit is supplied to the fourth node N4 as the source node of the driving TFT DT, the data voltage
Vdata written on the organic light emitting diode is initialized and the high-potential voltage VDD is supplied to the gate
node of the driving TFT DT.
[0209] During the sampling period t2, the first scan signal SCAN1 is maintained in a high state and the second scan
signal SCAN2 rises to a high state. During the sampling period t2, all of the nth emission control signal EM[n] and the
n-1th emission control signal EM[n-1] are maintained in a low state. Thus, during the sampling period t2, the first switching
TFT T1, the second switching TFT T2, and the fifth switching TFT T5 are turned on and the third switching TFT T3 and
the fourth switching TFT T4 are turned off. Therefore, the data voltage Vdata is supplied to the third node N3 through
the first switching TFT T1. Further, when the second switching TFT T2 is turned on, the first node N1 as the drain node
of the driving TFT DT and the second node N2 as the gate node of the driving TFT DT are connected to each other.
Thus, Vgs of the driving TFT DT is sampled as Vth of the driving TFT DT according to the source-follower method. Also,
when the fifth switching TFT T5 is turned on, the initialization voltage Vinit is supplied to the fourth node N4 and the
capacitor stores Vdata+Vth-Vinit. Thus, during the sampling period t2, a voltage of the first node N1 and the second
node N2 is equal to Vdata+Vth, a voltage of the third node N3 is equal to Vdata, and a voltage of the fourth node N4 is
equal to the initialization voltage Vinit.
[0210] When the voltage holding section t3 starts, the first scan signal SCAN1 and the second scan signal SCAN2
fall to a low state and the nth emission control signal EM[n] and the n-1th emission control signal EM[n-1] are maintained
in a low state. Thus, during the voltage holding section t3, all of the switching TFTs are turned off. Therefore, the first
node N1, the second node N2, the third node N3, and the fourth node N4 sampled or written in the sampling period t2
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are floated, and a voltage of each node remains unchanged.
[0211] Particularly, in an OLED device in which a switching TFT in a pixel is configured as an oxide semiconductor
TFT and a driving TFT DT in the pixel is configured as an LTPS TFT, the pixel circuit 1700 is more suitable for low-
speed drive. Specifically, the switching TFT configured as the oxide semiconductor TFT has a very low off-current and
thus is suitable to hold the respective voltages of the first node N1, the second node N2, the third node N3, and the
fourth node N4 during the voltage holding section t3. That is, in the switching TFT configured as the oxide semiconductor
TFT, an off-current is very low during the voltage holding section t3, so that the respective voltages of the first node N1,
the second node N2, the third node N3, and the fourth node N4 are not decreased but held. Accordingly, if the switching
TFT in the pixel is configured as an oxide semiconductor TFT and the driving TFT DT in the pixel is configured as an
LTPS TFT, an off-current is low even in low-speed drive. Therefore, during the voltage holding section t3, the voltages
of the respective nodes may be held with almost no decrease.
[0212] During the connection section t4, the first scan signal SCAN1 and the second scan signal SCAN2 are maintained
in a low state. When the connection section t4 starts, the n-1 th emission control signal EM[n-1] rises to a high state and
the nth emission control signal EM[n] is maintained in a low state. Thus, during the connection section t4, only the fourth
switching TFT T4 is turned on and all of the first switching TFT T1, the second switching TFT T2, the third switching TFT
T3, and the fifth switching TFT T5 are turned off. Therefore, since the fourth switching TFT T4 is turned on, the third
node N3 and the fourth node N4 are connected to each other and Vdata held in the third node N3 is supplied to the
fourth node N4.
[0213] During the emission section t5, the first scan signal SCAN1 and the second scan signal SCAN2 are maintained
in a low state. The nth emission control signal EM[n] rises to a high state when the emission section t5 starts, and then
remains in a high state during the emission section t5. Further, the n-1th emission control signal EM[n-1] is also maintained
in a high state. Thus, during the emission section t5, the first switching TFT T1, the second switching TFT T2, and the
fifth switching TFT T5 are turned off and the third switching TFT T3 and the fourth switching TFT T4 are turned on.
Further, the driving TFT DT is also turned on by Vdata+Vth which has been stored in the second node N2 until the
connection section t4. Thus, a path for a driving current to flow is formed from the VDD line to the organic light emitting
diode. That is, during the emission section t5, loled flows to the organic light emitting diode through the turned-on driving
TFT DT, third switching TFT T3 and fourth switching TFT T4. Also, in the emission section t5, Vgs of the driving TFT
DT is expressed as a voltage including Vdata and Vth of the driving TFT DT is compensated. Therefore, the intensity
of loled is adjusted by the intensity of Vdata of the driving TFT DT and the organic light emitting diode emits light due to loled.
[0214] In a low-speed driving mode, the emission section t5 needs to be maintained until the next frame. However,
after the organic light emitting diode starts emitting light due to a parasitic capacitance in the pixel circuit 1700 or a
voltage change in the pixel, loled is gradually decreased, and, thus, the luminance of the organic light emitting diode is
decreased. Further, a low luminance can be recognized, so that a flicker phenomenon may occur. Otherwise, after the
emission control signal is applied in the emission section t5, an increase rate of loled is decreased due to a parasitic
capacitance in the pixel circuit 1700 or a voltage change in the pixel. Thus, there is a delay in emission by the organic
light emitting diode with a sufficient luminance. Accordingly, a low luminance can be recognized, so that a flicker phe-
nomenon may occur.
[0215] Various examples of the present disclosure for reducing such a flicker phenomenon will be suggested below.

Example - Addition of coupling capacitor

[0216] FIG. 20 is a driving circuit diagram of the pixel illustrated in FIG. 1.
[0217] Referring to FIG. 20, a pixel P includes the organic light emitting diode OLED and the pixel driving circuit 600
including six transistors and two capacitors and configured to drive the organic light emitting diode OLED.
[0218] Specifically, the pixel driving circuit 600 includes a driving transistor DT, first to fifth switching transistors T1 to
T5, and first and second capacitors.
[0219] In this case, the first capacitor may be a storage capacitor Cst and the second capacitor may be a coupling
capacitor Ccp.
[0220] The driving TFT DT includes a gate node as a first node N1 connected to a node of the storage capacitor Cst,
a drain node as a second node N2 electrically connected to the second switching TFT T2 and the third switching TFT
T3, and a source node as a third node N3 electrically connected to the first switching TFT T1 and the fourth switching
TFT T4.
[0221] Specifically, the drain node of the driving TFT DT is electrically connected to the VDD line. Thus, if the second
switching TFT T2 and the third switching TFT T3 are turned on, the gate node of the driving TFT DT stores the high-
potential voltage VDD.
[0222] Further, while the first switching TFT T1 is turned on, the data voltage Vdata is supplied to the source node of
the driving TFT DT. When the second switching TFT T2 is turned on, the data voltage Vdata in the source node of the
driving TFT DT is supplied to the first node N1 as the gate node of the driving TFT DT.
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[0223] Specifically, if the second switching TFT T2 is turned on, a second node N2 as the drain node of the driving
TFT DT and the first node N1 as the gate node of the driving TFT DT are connected to each other. Thus, Vgs of the
driving TFT DT becomes Vth of the driving TFT DT according to a diode connection method. Therefore, if the first
switching TFT T1 is turned on and the data voltage Vdata is supplied to the source node of the driving TFT DT, Vdata+Vth
is supplied to the gate node of the driving TFT DT.
[0224] The source node of the driving TFT DT is electrically connected to the organic light emitting diode. Specifically,
the source node of the driving TFT DT is connected to a drain node of the fourth switching TFT T4 as a fourth node N4.
Further, the source node of the driving TFT DT is electrically connected to the anode of the organic light emitting diode
and connected to a source node of the first switching TFT T1.
[0225] If the fourth switching TFT T4, the driving TFT DT, and the third switching TFT T3 are turned on, the driving
TFT DT supplies the high-potential voltage VDD and the driving current to the organic light emitting diode. Thus, the
organic light emitting diode emits light.
[0226] The first switching TFT T1 includes a gate node connected to the SCAN2 line, a drain node connected to the
data line, a source node connected to the third node N3 as the source node of the driving TFT DT. Thus, the first switching
TFT T1 is turned on or off in response to the second scan signal SCAN2. That is, if the second scan signal SCAN2 in
a high state is supplied to the gate node of the first switching TFT T1, the data voltage Vdata is supplied from the drain
node of the first switching TFT T1 to the third node N3 as the source node of the driving TFT DT.
[0227] The second switching TFT T2 includes a gate node connected to the SCAN1 line, a drain node connected to
the drain node of the driving TFT DT and a source node of the third switching TFT T3, and a source node connected to
the gate node of the driving TFT DT. Further, the source node of the second switching TFT T2 is connected to a node
of the storage capacitor Cst and a node of the coupling capacitor Ccp.
[0228] Thus, the second switching TFT T2 is turned on or off in response to the first scan signal SCAN1. That is, if
the first scan signal SCAN1 is in a high state, the second switching TFT T2 is turned on. Thus, the second switching
TFT T2 transfers a voltage of the second node N2 as the drain node of the driving TFT DT to a voltage of the first node
N1 as the gate node of the driving TFT DT.
[0229] Further, the nth emission control signal EM[n] is supplied as a DC voltage to a gate node of the third switching
TFT T3 until it falls from a high state to a low state. Thus, the coupling capacitor Ccp is not affected by the DC voltage.
Thus, while the second switching TFT T2 is turned on, only the high-potential voltage VDD is supplied to the first node
N1 as the gate node of the driving TFT DT.
[0230] The third switching TFT T3 includes the gate node connected to the EM[n] line, a drain node connected to the
VDD line, and a source node connected to the drain node of the driving TFT DT. Further, the gate node of the third
switching TFT T3 may become a fifth node N5 connected to a node of the coupling capacitor Ccp.
[0231] Thus, the third switching TFT T3 may be turned on or off in response to the nth emission control signal EM[n].
That is, if the nth emission control signal EM[n] is in a high state, the third switching TFT T3 is turned on to supply the
high-potential voltage VDD from the source node to the second node N2 as the drain node of the driving TFT DT.
[0232] Further, if the nth emission control signal EM[n] is in a high state during the emission section, a voltage of the
first node N1 as the gate node of the driving TFT DT is rapidly increased due to coupling between the coupling capacitor
Ccp and the storage capacitor Cst connected to a fifth node N5 as the gate node of the third switching TFT T3.
[0233] If the emission control signal EM is in a high state, the third switching TFT T3 supplies the high-potential voltage
VDD to the drain node of the driving TFT DT and a current (hereinafter, referred to "Ids") between the drain and the
source of the driving TFT DT flows in the organic light emitting diode. Therefore, the driving TFT Dt adjusts the amount
of current in the organic light emitting diode depending on the data voltage Vdata.
[0234] The fourth switching TFT T4 includes a gate node connected to the EM[n-1] line, a drain node connected to
the source node of the driving TFT DT, and a source node electrically connected to the organic light emitting diode.
Thus, the fourth switching TFT T4 may be turned on in response to the n-1 th emission control signal EM[n-1].
[0235] That is, if the n-1th emission control signal EM[n-1] is in a high state during the connection section, the fourth
switching TFT T4 is turned on. Thus, the third node N3 as the source node of the driving TFT DT and the fourth node
N4 as the source node of the fourth switching TFT T4 are connected to each other.
[0236] Therefore, if the fourth switching TFT T4 is turned on in response to the n-1th emission control signal EM[n-1],
the voltage Vdata of the third node N3 is supplied to the fourth node N4.
[0237] If the fourth switching TFT T4, the driving TFT DT, and the third switching TFT T3 are turned on during the
emission section, the high-potential voltage VDD is supplied to the driving TFT DT and the driving current Ids is supplied
to the organic light emitting diode. Thus, the organic light emitting diode emits light.
[0238] The fifth switching TFT T5 includes a gate node connected to the SCAN1 line, a source node connected to the
Vinit line, and a drain node connected to a node of the storage capacitor Cst and a fourth node N4 as the anode of the
organic light emitting diode.
[0239] Thus, the fifth switching TFT T5 may be turned on in response to the first scan signal SCAN1. That is, if the
first scan signal SCAN1 is in a high state, the fifth switching TFT T5 is turned on to supply the initialization voltage Vinit
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to the fourth node N4. Therefore, if the fifth switching TFT T5 is turned on in response to the first scan signal SCAN1,
the initialization voltage Vinit is supplied to the fourth node N4. Thus, the data voltage Vdata written on the organic light
emitting diode is initialized.
[0240] Also, the initialization voltage Vinit and the voltage supplied to the first node N1 may be related to a voltage to
be stored in the storage capacitor Cst.
[0241] Specifically, the storage capacitor Cst stores a voltage to be applied to the gate node of the driving TFT DT.
In this case, a node of the storage capacitor Cst is connected to the first node N1 as the gate node of the driving TFT
DT and the other node is connected to the fourth node N4 electrically connected to the anode of the organic light emitting
diode.
[0242] That is, the storage capacitor Cst is electrically connected to the first node N1 and the fourth node N4 and
stores a voltage difference between a voltage to be applied to the gate node of the driving TFT DT and a voltage to be
applied to the anode of the organic light emitting diode.
[0243] Specifically, a node of the storage capacitor Cst is applied with Vdata+Vth when the first switching TFT T1 and
the second switching TFT T2 are turned on. The other node of the storage capacitor Cst is applied with the initialization
voltage Vinit when the fifth switching TFT T5 is turned on. Therefore, a voltage charged in the storage capacitor Cst is
equal to Vdata+Vth-Vinit.
[0244] Referring to FIG. 20, the coupling capacitor Ccp of the pixel driving circuit 600 according to an exemplary
embodiment of the present disclosure is disposed between the first node N1 as the gate node of the driving TFT DT
and the fifth node N5 as the gate node of the third switching TFT T3. That is, the coupling capacitor Ccp is disposed
between the EM[n] line and the first node N1 so as to be electrically connected thereto.
[0245] Therefore, if the nth emission control signal EM[n] is in a high state during the emission section, a rapidly
increased and bootstrapped voltage is supplied to the first node N1 due to capacitive coupling between the storage
capacitor Cst and the coupling capacitor Ccp. That is, if the nth emission control signal EM[n] is supplied to the gate
electrode of the third switching TFT T3, a voltage of the first node N1 is coupled by the coupling capacitor Ccp then
rapidly increased in association with the nth emission control signal EM[n]. Further, as the voltage of the gate node of
the driving TFT DT, i.e., the voltage of the first node N1, is increased, the voltage of the source node of the driving TFT
DT is also increased.
[0246] Therefore, during the emission section, if the third switching TFT T3 is turned on by the nth emission control
signal EM[n], the high-potential voltage VDD is applied to the second node N2 as the drain node of the driving TFT DT.
Further, a rapidly increased voltage is applied to the first node N1 as the gate node of the driving TFT DT due to capacitive
coupling between the storage capacitor Cst and the coupling capacitor Ccp. Further, during the emission section, when
the second switching TFT T2 is turned off, the high-potential voltage VDD in the second node N2 is not supplied to the
first node N1 as the gate node of the driving TFT DT. As a result, only a voltage bootstrapped by the coupling capacitor
Ccp is supplied to the first node N1 as the gate node of the driving TFT DT.
[0247] Then, the voltage of the third node N3 as the source node of the driving TFT DT is also rapidly increased. For
example, if the voltage of the first node N1 is increased to be higher than Vdata+Vth due to coupling by the coupling
capacitor Ccp, Vgs of the driving TFT DT is constantly maintained as a sampled voltage. Thus, the voltage of the third
node N3 as the source node of the driving TFT DT is also greatly increased. As a result, in the pixel driving circuit 600
in which the current loled flowing in the organic light emitting diode can be adjusted by Vgs of the driving TFT DT and
the organic light emitting diode emits light due to loled, the intensity of loled can be more rapidly increased due to
capacitive coupling between the storage capacitor Cst and the coupling capacitor Ccp.
[0248] Therefore, a rapid increase in a voltage applied to the gate node of the driving TFT DT caused by capacitive
coupling can remarkably decrease a delay in time of increasing the current loled flowing in the organic light emitting diode.
[0249] In addition, capacitive coupling which occurs when two capacitors are connected in series to each other will
be described.
[0250] The capacitors tend to maintain a voltage difference between both ends and are mutually involved in their
values by capacitive coupling. This is closely related to the conservation law of electrical charge. The conservation law
of electrical charge is represented by the following Equation 4.
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[0251] Herein, Q1 and Q2 are charges and C1 and C2 are capacitors. According to Equation 4, a voltage variation of
one end of a capacitor shown in Equation 4 is related to a voltage value changed by capacitive coupling.
[0252] Referring to FIG. 20, in the pixel driving circuit 600 of the present disclosure, a voltage of the gate node of the
driving TFT DT is affected by the storage capacitor Cst and the coupling capacitor Ccp and thus increased due to
capacitive coupling. Such a phenomenon is referred to as bootstrapping.
[0253] FIG. 21 is a waveform diagram showing a signal input into the pixel driving circuit 600 illustrated in FIG. 20 and
a resultant output signal. For convenience in explanation, FIG. 20 and FIG. 21 will be referred to hereinafter.
[0254] Referring to FIG. 21, a refresh section includes an initialization period t1, a sampling period t2, a voltage holding
section t3, a connection section t4, and an emission section t5. The refresh section may be set to about 1 horizontal
period (1 H). During the refresh section, data are written on pixels aligned on a horizontal line in a pixel array. Specifically,
during the refresh section, the threshold voltage Vth of the driving TFT DT in the pixel driving circuit 600 is sampled and
the data voltage Vdata is compensated by the threshold voltage Vth. Thus, the data voltage Vdata is compensated and
written on a pixel in order to determine the amount of current in the organic light emitting diode regardless of the threshold
voltage Vth.
[0255] Referring to FIG. 21, the data voltage Vdata is written on each of pixels passing through the initialization period
t1, the sampling period t2, the voltage holding section t3, the connection section t4, and the emission section t5 and
disposed on one horizontal line. Then, each of the pixels emits light. FIG. 21 illustrates that each of the initialization
period t1, the sampling period t2, the voltage holding section t3, the connection section t4, and the emission section t5
is maintained for the same duration time. However, a duration time for each of the initialization period t1, the sampling
period t2, the voltage holding section t3, the connection section t4, and the emission section t5 may be changed in
various ways according to an exemplary embodiment. For example, the voltage holding section t3 may be shorter than
the other sections.
[0256] Firstly, when the initialization period t1 starts, the first scan signal SCAN1 rises to a high state and the second
scan signal SCAN2 is maintained in a low state. At the same time, the n-1th emission control signal EM[n-1] is maintained
in a low state and the nth emission control signal EM[n] falls from a high state to a low state during the initialization period t1.
[0257] Thus, during the initialization period t1, the second switching TFT T2 and the fifth switching TFT T5 are turned
on and the first switching TFT T1 and the fourth switching TFT T4 are turned off. Further, the third switching TFT T3 is
turned on only in a section in which the nth emission control signal EM[n] is in a high state. When the nth emission
control signal EM[n] falls to a low state, the third switching TFT T3 is turned off.
[0258] Therefore, the initialization voltage Vinit is supplied to the fourth node N4 through the fifth switching TFT T5.
While the third switching TFT T3 is turned on, the high-potential voltage VDD is supplied to the first node N1 through
the second switching TFT T2. That is, since the initialization voltage Vinit is supplied to the fourth node N4 as the source
node of the driving TFT DT, the data voltage Vdata written on the organic light emitting diode is initialized and the high-
potential voltage VDD is supplied to the gate node of the driving TFT DT.
[0259] Further, the nth emission control signal EM[n] is supplied as a DC voltage to the gate node of the third switching
TFT T3 until it falls from a high state to a low state. Thus, the coupling capacitor Ccp is not affected by the DC voltage.
Therefore, only the high-potential voltage VDD is supplied to the first node N1 as the gate node of the driving TFT DT.
[0260] During the sampling period t2, the first scan signal SCAN1 is maintained in a high state and the second scan
signal SCAN2 rises to a high state. During the sampling period t2, all of the nth emission control signal EM[n] and the
n-1th emission control signal EM[n-1] are maintained in a low state.
[0261] Thus, during the sampling period t2, the first switching TFT T1, the second switching TFT T2, and the fifth
switching TFT T5 are turned on and the third switching TFT T3 and the fourth switching TFT T4 are turned off.
[0262] Therefore, the data voltage Vdata is supplied to the third node N3 through the first switching TFT T1. Further,
when the third switching TFT T3 is turned off, the supply of the high-potential voltage VDD to the first node N1 is stopped.
Then, when the driving TFT DT and the second switching TFT T2 are turned on, the data voltage Vdata supplied to the
third node N3 is supplied to the first node N1 connected to a node of the storage capacitor Cst.
[0263] Specifically, since the third switching TFT T3 is turned off, a voltage of the first node N1 is decreased from the
high-potential voltage VDD to the data voltage Vdata. By scanning such a voltage change, the threshold voltage Vth of
the driving TFT DT can be checked. As a result, during the sampling period t2, the threshold voltage Vth of the driving
TFT DT can be sampled.
[0264] Therefore, when the third switching TFT T3 is turned off and the second switching TFT T2 is turned on, the
second node N2 as the drain node of the driving TFT DT and the first node N1 as the gate node of the driving TFT DT
are connected to the each other. Thus, Vgs of the driving TFT DT is sampled as Vth of the driving TFT DT.
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[0265] Also, when the fifth switching TFT T5 is turned on, the initialization voltage Vinit is supplied to the fourth node
N4. When the first switching TFT T1 and the second switching TFT T2 are turned on, Vdata+Vth is supplied to the first
node N1. As a result, the storage capacitor Cst stores Vdata+Vth-Vinit.
[0266] Thus, during the sampling period t2, a voltage of the first node N1 and the second node N2 is equal to Vdata+Vth,
a voltage of the third node N3 is equal to Vdata, and a voltage of the fourth node N4 is equal to the initialization voltage Vinit.
[0267] When the voltage holding section t3 starts, the first scan signal SCAN1 and the second scan signal SCAN2
fall to a low state and the nth emission control signal EM[n] and the n-1th emission control signal EM[n-1] are maintained
in a low state. Thus, during the voltage holding section t3, all of the switching TFTs T1 to T5 are turned off. Therefore,
the first to fifth nodes N1 to N5 sampled or written in the sampling period t2 are floated, and a voltage of each node
remains unchanged.
[0268] Particularly, in an OLED device in which a switching TFT in a pixel is configured as an oxide semiconductor
TFT and a driving TFT DT in the pixel is configured as an LTPS TFT, the pixel driving circuit 600 is more suitable for
low-speed drive. Specifically, the switching TFT configured as the oxide semiconductor TFT has a very low off-current
and thus is suitable to hold the respective voltages of the first to fifth nodes N1 to N5 during the voltage holding section
t3. In the switching TFT configured as the oxide semiconductor TFT, an off-current is very low during the voltage holding
section t3, so that the respective voltages of the first to fifth nodes N1 to N5 are not decreased but held. Accordingly, if
the switching TFT in the pixel P of the present disclosure is configured as an oxide semiconductor TFT and the driving
TFT DT in the pixel P is configured as an LTPS TFT, an off-current is low even in low-speed drive. Therefore, during
the voltage holding section t3, the voltages of the respective nodes may be held with almost no decrease.
[0269] During the connection section t4, the first scan signal SCAN1 and the second scan signal SCAN2 are maintained
in a low state. When the connection section t4 starts, the n-1 th emission control signal EM[n-1] rises to a high state and
the nth emission control signal EM[n] is maintained in a low state. Thus, during the connection section t4, only the fourth
switching TFT T4 is turned on and all of the first switching TFT T1, the second switching TFT T2, the third switching TFT
T3, and the fifth switching TFT T5 are turned off. Therefore, since the fourth switching TFT T4 is turned on, the third
node N3 and the fourth node N4 are electrically connected to each other and Vdata held in the third node N3 is supplied
to the fourth node N4.
[0270] During the emission section t5, the first scan signal SCAN1 and the second scan signal SCAN2 are maintained
in a low state. The nth emission control signal EM[n] rises to a high state when the emission section t5 starts, and then
remains in a high state during the emission section t5. Further, the n-1th emission control signal EM[n-1] is also maintained
in a high state. Thus, during the emission section t5, the first switching TFT T1, the second switching TFT T2, and the
fifth switching TFT T5 are turned off and the third switching TFT T3 and the fourth switching TFT T4 are turned on.
Further, the driving TFT DT is also turned on by Vdata+Vth which has been stored in the first node N1 until the connection
section t4. Thus, a path for a driving current to flow is formed from the VDD line to the organic light emitting diode. That
is, during the emission section t5, loled flows to the organic light emitting diode through the turned-on driving TFT DT,
third switching TFT T3 and fourth switching TFT T4.
[0271] Also, if the nth emission control signal EM[n] is in a high state, a rapidly increased and bootstrapped voltage
is supplied to the first node N1 due to capacitive coupling between the storage capacitor Cst and the coupling capacitor
Ccp. That is, if the nth emission control signal EM[n] is supplied to the gate electrode of the third switching TFT T3, a
voltage of the first node N1 is increased in association with the nth emission control signal EM[n] due to coupling by the
coupling capacitor Ccp. The voltage increased due to coupling by the coupling capacitor Ccp is higher than Vdata+Vth
stored in the first node N1 during the connection section t4.
[0272] Further, during the emission section t5, as the voltage of the gate node of the driving TFT DT, i.e., the voltage
of the first node N1, is rapidly increased, the voltage of the source node of the driving TFT DT is also increased
[0273] Also, in the emission section t5, Vgs of the driving TFT DT is expressed as a voltage including Vdata and the
threshold voltage Vth of the driving TFT DT is compensated. Therefore, the intensity of loled is adjusted by the intensity
of the data voltage Vdata of the driving TFT DT and the organic light emitting diode emits light due to loled.
[0274] During the emission section t5, the current loled flowing in the organic light emitting diode is adjusted by Vgs
of the driving TFT DT and the organic light emitting diode emits light due to loled. As such, loled flowing in the organic
light emitting diode during the emission section t4 can be represented by the following Equation 5.

[0275] Herein, k is a proportional constant reflecting various factors of the pixel circuit 600 and C’ is equal to C1/(C1+C2).
According to Equation 5, since the threshold voltage Vth is eliminated from Equation 5, the current loled flowing in the
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organic light emitting diode is not affected by the threshold voltage Vth of the driving TFT DT.
[0276] According to the prior art, after the emission control signal EM is applied in the emission section t5, an increase
rate of loled is decreased due to a parasitic capacitance in the pixel circuit 600 or a voltage change in the pixel. Thus,
there is a delay in emission by the organic light emitting diode with a sufficient luminance. Accordingly, a low luminance
can be recognized, so that a flicker phenomenon may occur.
[0277] Referring to FIG. 21, during the emission section t5, the first scan signal SCAN1 is maintained in a low state
and the second scan signal SCAN2 is also maintained in a low state. The nth emission control signal EM[n] rises when
the emission section t5 starts, and then remains in a high state. Thus, during the emission section t5, the first switching
TFT T1 and the second switching TFT T2 are turned off and the third switching TFT T3 is turned on.
[0278] Therefore, if the nth emission control signal EM[n] is in a high state, the third switching TFT T3 is turned on so
as to supply the high-potential voltage VDD to the drain node of the driving TFT DT. Thus, the driving TFT DT adjusts
the amount of current in the organic light emitting diode depending on the data voltage Vdata.
[0279] During the emission section t5, the high-potential voltage VDD is supplied to the drain node of the driving TFT
DT through the turned-on third switching TFT T3. The voltages of the first node N1, i.e., the gate node of the driving TFT
DT, and the third node N2, i.e., the source node, rapidly increased due to coupling by the coupling capacitor Ccp function
to minimize a delay of the current loled flowing in the organic light emitting diode.
[0280] FIG. 22 is a circuit diagram showing a pixel driving circuit in an OLED device according to another exemplary
embodiment of the present disclosure.
[0281] A pixel circuit illustrated in FIG. 22 is substantially the same as the pixel driving circuit illustrated in FIG. 20
except the alignment of the second capacitor C2. Therefore, a redundant explanation thereof will be omitted herein.
That is, the pixel driving circuit 700 illustrated in FIG. 22 is substantially the same as the pixel driving circuit 600 illustrated
in FIG. 20 except a node connected to the coupling capacitor Ccp. Therefore, a redundant explanation thereof will be
omitted herein.
[0282] Referring to FIG. 22, the pixel driving circuit 700 includes the driving TFT DT, five switching TFT, the first
capacitor C1, and the second capacitor C2. In this case, the first capacitor C1 may be a storage capacitor Cst and the
second capacitor C2 may be a coupling capacitor Ccp.
[0283] The second capacitor C2 is disposed between the fifth node N5 as the gate node of the third switching TFT T3
and the second node N2 as the drain node of the driving TFT DT. That is, the second capacitor C2 is disposed between
the EM[n] line and the second node N2 as being electrically connected thereto.
[0284] During the emission section, if the nth emission control signal EM[n] is in a high state, a voltage rapidly boot-
strapped due to capacitive coupling of the second capacitor C2 is supplied to the second node N2. That is, the nth
emission control signal EM[n] is supplied to the fifth node N5 and a voltage of the second node N2 is rapidly increased
due to capacitive coupling by the second capacitor C2.
[0285] Further, a parasitic capacitor Cpara may be present between the first node N1 as the gate node of the driving
TFT DT and the second node N2 as the drain node of the driving TFT DT. The parasitic capacitor Cpara of the driving
TFT DT and the first capacitor C1 may form a second capacitive coupling subsequent to the capacitive coupling between
the first capacitor C1 and the second capacitor C2.
[0286] Therefore, during the emission section, if the nth emission control signal EM[n] is in a high state, the voltage
of the second node N2 is increased due to coupling by the second capacitor C2 and the voltage of the first node N1 is
increased due to coupling by the parasitic capacitor Cpara of the driving TFT DT. Therefore, the voltage of the first node
N1 is rapidly increased due to double coupling by the second capacitor C2 and the parasitic capacitor Cpara of the
driving TFT DT.
[0287] In other words, if the nth emission control signal EM[n] is in a high state, the voltage of the second node N2 is
increased. Therefore, the voltage of the first node N1 as the gate node of the driving TFT DT is also rapidly increased
due to the second capacitive coupling.
[0288] Therefore, during the emission section, if the third switching TFT T3 is turned on in response to the nth emission
control signal EM[n], the high-potential voltage VDD is applied to the drain node of the driving TFT DT. Further, a gate
voltage of the driving TFT DT is rapidly increased due to double capacitive coupling by the second capacitor C2 and the
parasitic capacitor Cpara.
[0289] Also, a voltage of the third node N3 may be equal to the voltage of the first node N1 minus the threshold voltage
Vth. Further, during the sampling period, when the first switching TFT T1 is turned on, the data voltage Vdata is supplied
to the third node N3. Thus, the voltage of the first node N1 is equal to Vdata+Vth. Then, during the emission section,
the voltage of the first node N1 is rapidly increased due to double capacitive coupling by the second capacitor C2 and
the parasitic capacitor Cpara. Therefore, Vgs of the driving TFT DT is maintained at Vth, so that the voltage of the third
node N3 is also rapidly increased.
[0290] As a result, in the pixel driving circuit 700 in which the organic light emitting diode emits light due to loled, the
current loled flowing in the organic light emitting diode can be adjusted by Vgs of the driving TFT DT and the intensity
of loled can also be more rapidly increased due to double capacitive coupling by the second capacitor C2 and the
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parasitic capacitor Cpara.
[0291] Also, a rapid increase in a voltage applied to the gate node of the driving TFT DT caused by capacitive coupling
can remarkably decrease a delay in time of increasing loled.
[0292] FIG. 23 is a circuit diagram showing a pixel driving circuit in an OLED device according to another exemplary
embodiment of the present disclosure.
[0293] A pixel circuit illustrated in FIG. 23 is substantially the same as the pixel driving circuit illustrated in FIG. 20
except the alignment of the second capacitor C2. Therefore, a redundant explanation thereof will be omitted herein.
That is, a pixel driving circuit 400 illustrated in FIG. 23 is substantially the same as the pixel driving circuit 600 illustrated
in FIG. 20 except a node connected to the coupling capacitor Ccp. Therefore, a redundant explanation thereof will be
omitted herein.
[0294] Referring to FIG. 23, the pixel driving circuit 400 includes the driving TFT DT, five switching TFTs, the first
capacitor C1, and the second capacitor C2. In this case, the first capacitor C1 may be a storage capacitor Cst and the
second capacitor C2 may be a coupling capacitor Ccp.
[0295] The second capacitor C2 is disposed between the first node N1 as the gate node of the driving TFT DT and
the gate node of the fourth switching TFT T4. That is, the second capacitor C2 is disposed between a fifth node N5 as
the gate node of the fourth switching TFT T4 connected to the EM[n-1] line and the first node N1 as being electrically
connected thereto.
[0296] During the connection section, a voltage rapidly bootstrapped due to capacitive coupling of the second capacitor
C2 is supplied to the first node N1.
[0297] Specifically, referring to FIG. 21, when the connection section t4 starts, the n-1th emission control signal EM[n-
1] rises to a high state and the first scan signal SCAN1, the second scan signal SCAN2, and the nth emission control
signal EM[n] are maintained in a low state. Thus, since the fourth switching TFT T4 is turned on, the third node N3 and
the fourth node N4 are connected to each other. The voltage of the first node N1 is rapidly increased by the n-1th emission
control signal EM[n-1] coupled by the second capacitor C2 and then supplied to the gate node of the fourth switching
TFT T4.
[0298] That is, during the connection section t4, the n-1th emission control signal EM[n-1] is supplied to the fifth node
N5 and the voltage bootstrapped by the n-1th emission control signal EM[n-1] is supplied to the first node N1 due to
capacitive coupling between the first capacitor C1 and the second capacitor C2. Therefore, the voltage of the first node
N1 is rapidly increased due to capacitive coupling by the second capacitor C2.
[0299] Specifically, the third node N3 may have a voltage equal to the voltage of the first node N1 minus the threshold
voltage Vth until the sampling period t2. Further, when the first switching TFT T1 is turned on, the data voltage Vdata is
supplied to the third node N3. Therefore, the voltage of the first node N1 is equal to Vdata+Vth.
[0300] Then, when the connection section t4 starts, the fourth switching TFT T4 is turned on while the n-1th emission
control signal EM[n-1] is in a high state. Therefore, the data voltage Vdata supplied to the third node N3 is supplied to
the fourth node N4. As a result, the data voltage Vdata is supplied to a node of the first capacitor C1.
[0301] Then, the first node N1 connected to the other node of the first capacitor C1 is supplied with a voltage Vcp
which is rapidly increased by the n-1th emission control signal EM[n-1] coupled by the second capacitor C2 and then
supplied to the gate node of the fourth switching TFT T4 and higher than Vdata+Vth. Therefore, the first capacitor C1
is charged with Vcp-Vdata.
[0302] Referring to FIG. 23, while the n-1th emission control signal EM[n-1] is in a high state, the voltage of the first
node N1 in the pixel driving circuit 400 of the present disclosure is rapidly increased due to coupling by the second
capacitor C2. Therefore, Vgs of the driving TFT DT is maintained at Vth, so that the voltage of the fourth node N4 is also
rapidly increased.
[0303] As a result, in the pixel driving circuit 400 in which the organic light emitting diode emits light due to loled of the
present disclosure, the current loled flowing in the organic light emitting diode can be adjusted by Vgs of the driving TFT
DT and the intensity of loled can also be more rapidly increased due to coupling by the second capacitor C2.
[0304] Also, a rapid increase in a voltage applied to the gate node of the driving TFT DT caused by capacitive coupling
can remarkably decrease a delay in time of increasing loled.
[0305] FIG. 24 is a circuit diagram showing a pixel driving circuit in an OLED device according to another exemplary
embodiment of the present disclosure.
[0306] A pixel circuit illustrated in FIG. 24 is substantially the same as the pixel driving circuit illustrated in FIG. 20
except the alignment of a second capacitor C2. Therefore, a redundant explanation thereof will be omitted herein. That
is, a pixel driving circuit 500 illustrated in FIG. 24 is substantially the same as the pixel driving circuit 600 illustrated in
FIG. 20 except a part where the coupling capacitor Ccp is connected to a switching TFT. Therefore, a redundant
explanation thereof will be omitted herein.
[0307] Referring to FIG. 24, the pixel driving circuit 500 includes the driving TFT DT, five switching TFTs, the first
capacitor C1, and the second capacitor C2. In this case, the first capacitor C1 may be a storage capacitor Cst and the
second capacitor C2 may be a coupling capacitor Ccp.
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[0308] The second capacitor C2 is disposed between the second node N2 as the drain node of the driving TFT DT
and the fifth node N5 as the gate node of the fourth switching TFT T4. That is, the second capacitor C2 is disposed
between the EM[n-1] line and the second node N2 as being electrically connected thereto.
[0309] Further, a parasitic capacitor Cpara may be present between the first node N1 as the gate node of the driving
TFT DT and the second node N2 as the drain node of the driving TFT DT. The parasitic capacitor Cpara of the driving
TFT DT is connected in series to the second capacitor C2. Therefore, the parasitic capacitor Cpara of the driving TFT
DT may form a second capacitive coupling subsequent to the coupling by the second capacitor C2.
[0310] During the connection section, the first node N1 is supplied with a rapidly bootstrapped voltage due to double
capacitive coupling by the second capacitor C2 and the parasitic capacitor Cpara.
[0311] Specifically, referring to FIG. 21, when the connection section t4 starts, the n-1th emission control signal EM[n-
1] rises to a high state and the first scan signal SCAN1, the second scan signal SCAN2, and the nth emission control
signal EM[n] are maintained in a low state. Thus, since the fourth switching TFT T4 is turned on, the third node N3 and
the fourth node N4 are connected to each other. The voltage of the second node N2 is rapidly increased by the n-1th
emission control signal EM[n-1] coupled by the second capacitor C2 and then supplied to the gate node of the fourth
switching TFT T4.
[0312] That is, during the connection section t4, the n-1th emission control signal EM[n-1] is supplied to the fifth node
N5 and the voltage bootstrapped by the n-1 th emission control signal EM[n-1] is supplied to the second node N2 due
to capacitive coupling by the second capacitor C2. Therefore, the voltage of the second node N2 is rapidly increased
due to capacitive coupling by the second capacitor C2.
[0313] Therefore, if the n-1th emission control signal EM[n-1] is in a high state during the connection section t4, the
voltage of the second node N2 is increased due to coupling by the second capacitor C2 and the voltage of the first node
N1 is increased due to coupling by the parasitic capacitor Cpara of the driving TFT DT. Therefore, the voltage of the
first node N1 is rapidly increased due to double coupling by the second capacitor C2 and the parasitic capacitor Cpara
of the driving TFT DT.
[0314] In other words, if the n-1th emission control signal EM[n-1] is in a high state, the voltage of the second node
N2 is increased. Therefore, due to the second capacitive coupling subsequent thereto, the voltage of the first node N1
as the gate node of the driving TFT DT is also rapidly increased.
[0315] Specifically, the third node N3 may have a voltage equal to the voltage of the first node N1 minus the threshold
voltage Vth until the sampling period t2. Further, when the first switching TFT T1 is turned on, the data voltage Vdata is
supplied to the third node N3. Therefore, the voltage of the first node N1 is equal to Vdata+Vth.
[0316] Then, when the connection section t4 starts, the fourth switching TFT T4 is turned on while the n-1th emission
control signal EM[n-1] is in a high state. Therefore, the data voltage Vdata supplied to the third node N3 is supplied to
the fourth node N4. As a result, the data voltage Vdata is supplied to a node of the first capacitor C1.
[0317] Then, the first node N1 connected to the other node of the first capacitor C1 is supplied with a voltage Vcp
which is higher than Vdata+Vth due to double coupling by the second capacitor C2 and the parasitic capacitor Cpara
of the driving TFT DT. Therefore, the first capacitor C1 is charged with Vcp-Vdata.
[0318] Referring to FIG. 24, while the n-1th emission control signal EM[n-1] is in a high state, the voltage of the first
node N1 in the pixel driving circuit 500 of the present disclosure is rapidly increased due to double coupling by the second
capacitor C2 and the parasitic capacitor Cpara of the driving TFT DT. Therefore, Vgs of the driving TFT DT is maintained
at Vth, so that the voltage of the fourth node N4 is also rapidly increased.
[0319] As a result, in the pixel driving circuit 500 in which the organic light emitting diode emits light due to loled of the
present disclosure, the current loled flowing in the organic light emitting diode can be adjusted by Vgs of the driving TFT
DT and the intensity of loled can also be more rapidly increased due to coupling by the second capacitor C2.
[0320] Also, a rapid increase in a voltage applied to the gate node of the driving TFT DT caused by capacitive coupling
can remarkably decrease a delay in time of increasing loled.
[0321] FIG. 25 is a graph showing a change in loled in an OLED device according to another exemplary embodiment
of the present disclosure. Also, FIG. 25 illustrates Comparative Example and Examples to show a change in loled.
[0322] Herein, Example 1 is loled in the OLED device according to an exemplary embodiment of the present disclosure
illustrated in FIG. 20, and Example 2 is loled in the OLED device according to another exemplary embodiment of the
present disclosure illustrated in FIG. 22. Also, Example 3 is loled in the OLED device according to another exemplary
embodiment of the present disclosure illustrated in FIG. 23, and Example 4 is loled in the OLED device according to
another exemplary embodiment of the present disclosure illustrated in FIG. 24.
[0323] Herein, FIG. 25 is a graph showing a change in loled according to time. In FIG. 25, the time starts from when
the nth emission control signal EM[n] is supplied to the pixel driving circuit.
[0324] Referring to FIG. 25, Comparative Example has a much longer delay of loled than Example 1 to Example 4.
Specifically, a delay of loled in Comparative Example is about 440 ms. Meanwhile, a delay of Ioled in Example 1 is about
220 ms, a delay of Ioled in Example 2 is about 100 ms, a delay of loled in Example 3 is about 40 ms, and a delay of Ioled
in Example 4 is about 100 ms.
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[0325] That is, even if the maximum value of loled is different in each Example, a delay of loled in each of Examples
of the present disclosure can be remarkably decreased as compared with Comparative Example.
[0326] Therefore, according to Examples of the present disclosure, the voltage of the gate node of the driving TFT
DT is rapidly increased by the second capacitor C2 as a coupling capacitor or the second capacitor C2 and the parasitic
capacitor Cpara which form doubling capacitive coupling. Thus, when the emission section t4 starts, loled is rapidly
increased, so that a delay of loled can be remarkably decreased.

IV. [External compensation] External compensation (1) using initialization voltage Vinit

[0327] Hereinafter, the timing controller 120 involved in the generation of an adjusted initialization voltage c-Vinit of
the present disclosure will be described in detail. FIG. 26 is a schematic block diagram provided to explain a timing
controller illustrated in FIG. 1.
[0328] Referring to FIG. 26, a timing controller 120 includes a luminance measurement unit 210, a memory unit 220,
an initialization voltage level controller 230, and an initialization voltage generator 240.
[0329] The luminance measurement unit 210 receives pixel driving data RGB applied from a driving system (not
illustrated) of the OLED device 100 and calculates a luminance value Y.
[0330] The luminance value Y can be calculated from the input pixel driving data RGB according to the following
Equation 6.

[0331] Referring to FIG. 26, the memory unit 220 stores the luminance value Y calculated from the input pixel driving
data RGB. Specifically, the memory unit 220 already stores a luminance value Yn-1 of a previous frame and can also
store a luminance value Yn of the present frame.
[0332] A luminance comparison unit 230 may compare the luminance value Yn of the pixel driving data RGB applied
from the luminance measurement unit 210 during a section for the present frame Fn with the luminance value Yn-1 of
the previous frame Fn-1 applied from the memory unit 220. As a result, if there is a difference of a predetermined value
or more in luminance value Y between the present frame and the previous frame, the luminance comparison unit 230
generates an initialization voltage level control signal VLC.
[0333] The initialization voltage generator 240 is supplied with an input voltage Vin which is applied from the driving
system (not illustrated) and converted into an initialization voltage Vinit required to drive a plurality of pixels P by the
timing controller 120. Further, the initialization voltage generator 240 receives the initialization voltage level control signal
VLC from the initialization voltage level controller 230. Then, if there is a difference between the luminance value Yn of
the pixel driving data RGB in the present frame and the luminance value Yn-1 in the previous frame, the initialization
voltage generator 240 applies an adjusted initialization voltage c-Vinit to the plurality of pixels P.
[0334] Therefore, the adjusted initialization voltage c-Vinit is applied as a considerably high voltage to an anode of
the organic light emitting diode OLED. Even if a voltage of the source node of the driving TFT in the pixel driving circuit
is slightly increased, the current loled can flow with a sufficient luminance without a delay.
[0335] Hereinafter, a pixel driving circuit applied with the adjusted initialization voltage c-Vinit will be described.
[0336] FIG. 27 is a circuit diagram showing a pixel driving circuit in an OLED device according to an exemplary
embodiment of the present disclosure.
[0337] Referring to FIG. 27, a pixel P includes an organic light emitting diode EL and the pixel driving circuit 900
including six transistors and a capacitor and configured to drive the organic light emitting diode EL.
[0338] Specifically, the pixel driving circuit 900 includes a driving transistor DT, first to fifth switching transistors T1 to
T5, and a storage capacitor Cst.
[0339] The driving TFT DT includes a gate node as a first node N1 connected to a node of the storage capacitor Cst,
a drain node as a second node N2 electrically connected to the second switching TFT T2 and the third switching TFT
T3, and a source node as a third node N3 electrically connected to the first switching TFT T1 and the fourth switching
TFT T4.
[0340] Specifically, the drain node of the driving TFT DT is electrically connected to the VDD line. Thus, if the second
switching TFT T2 and the third switching TFT T3 are turned on, the gate node of the driving TFT DT stores the high-
potential voltage VDD.
[0341] Further, while the first switching TFT T1 is turned on, the data voltage Vdata is supplied to the source node of
the driving TFT DT. When the second switching TFT T2 is turned on, the data voltage Vdata in the source node of the
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driving TFT DT is supplied to the first node N1 as the gate node of the driving TFT DT.
[0342] Specifically, if the second switching TFT T2 is turned on, a second node N2 as the drain node of the driving
TFT DT and the first node N1 as the gate node of the driving TFT DT are connected to each other. Thus, Vgs of the
driving TFT DT becomes Vth of the driving TFT DT according to the diode connection method. Therefore, if the first
switching TFT T1 is turned on and the data voltage Vdata is supplied to the source node of the driving TFT DT, Vdata+Vth
is supplied to the gate node of the driving TFT DT.
[0343] The source node of the driving TFT DT is electrically connected to the organic light emitting diode. Specifically,
the source node of the driving TFT DT is connected to a drain node of the fourth switching TFT T4 as a fourth node N4.
Further, the source node of the driving TFT DT is electrically connected to the anode of the organic light emitting diode
and connected to a source node of the first switching TFT T1.
[0344] If the fourth switching TFT T4, the driving TFT DT, and the third switching TFT T3 are turned on, the driving
TFT DT is supplied with the high-potential voltage VDD and supplies the driving current to the organic light emitting
diode OLED. Thus, the organic light emitting diode emits light.
[0345] The first switching TFT T1 includes a gate node connected to the SCAN2 line, a drain node connected to the
data line, a source node connected to the third node N3 as the source node of the driving TFT DT.
[0346] Thus, the first switching TFT T1 is turned on or off in response to the second scan signal SCAN2. That is, if
the second scan signal SCAN2 in a high state is supplied to the gate node of the first switching TFT T1, the data voltage
Vdata is supplied from the drain node of the first switching TFT T1 to the third node N3 as the source node of the driving
TFT DT.
[0347] The second switching TFT T2 includes a gate node connected to the SCAN1 line, a drain node connected to
the drain node of the driving TFT DT and a source node of the third switching TFT T3, and a source node connected to
the gate node of the driving TFT DT. Further, the source node of the second switching TFT T2 is connected to a node
of the storage capacitor Cst.
[0348] Thus, the second switching TFT T2 is turned on or off in response to the first scan signal SCAN1. That is, if
the first scan signal SCAN1 is in a high state, the second switching TFT T2 is turned on. Thus, the second switching
TFT T2 transfers a voltage of the second node N2 as the drain node of the driving TFT DT to a voltage of the first node
N1 as the gate node of the driving TFT DT.
[0349] Further, the nth emission control signal EM[n] is supplied as a DC voltage to a gate node of the third switching
TFT T3 until it falls from a high state to a low state. Thus, while the second switching TFT T2 is turned on, only the high-
potential voltage VDD is supplied to the first node N1 as the gate node of the driving TFT DT.
[0350] The third switching TFT T3 includes the gate node connected to the EM[n] line, a drain node connected to the
VDD line, and a source node connected to the drain node of the driving TFT DT.
[0351] Thus, the third switching TFT T3 may be turned on or off in response to the nth emission control signal EM[n].
That is, if the nth emission control signal EM[n] is in a high state, the third switching TFT T3 is turned on to supply the
high-potential voltage VDD from the source node to the second node N2 as the drain node of the driving TFT DT.
[0352] Then, if the nth emission control signal EM[n] is in a high state, the third switching TFT T3 supplies the high-
potential voltage VDD to the drain node of the driving TFT DT and a current (hereinafter, referred to "Ids") between the
drain and the source of the driving TFT DT flows in the organic light emitting diode. Therefore, the driving TFT DT adjusts
the amount of current in the organic light emitting diode depending on the data voltage Vdata.
[0353] The fourth switching TFT T4 includes a gate node connected to the EM[n-1] line, a drain node connected to
the source node of the driving TFT DT, and a source node connected to the anode of the organic light emitting diode.
Thus, the fourth switching TFT T4 may be turned on in response to the n-1th emission control signal EM[n-1].
[0354] That is, if the n-1th emission control signal EM[n-1] is in a high state during the connection section, the fourth
switching TFT T4 is turned on. Thus, the third node N3 as the source node of the driving TFT DT and the fourth node
N4 as the source node of the fourth switching TFT T4 are connected to each other.
[0355] Therefore, if the fourth switching TFT T4 is turned on in response to the n-1th emission control signal EM[n-1],
the voltage Vdata of the third node N3 is supplied to the fourth node N4.
[0356] If the fourth switching TFT T4, the driving TFT DT, and the third switching TFT T3 are turned on during the
emission section, the high-potential voltage VDD is supplied to the driving TFT DT and the driving current Ids is supplied
to the organic light emitting diode. Thus, the organic light emitting diode emits light.
[0357] Referring to FIG. 27, the fifth switching TFT T5 includes a gate node connected to the SCAN1 line, a source
node connected to an adjusted initialization (c-Vinit) line, and a drain node connected to a node of the storage capacitor
Cst and a fourth node N4 as the anode of the organic light emitting diode.
[0358] During the initialization period, the fifth switching TFT T5 may be turned on in response to the first scan signal
SCAN1. That is, if the first scan signal SCAN1 is in a high state, the fifth switching TFT T5 is turned on to supply the
adjusted initialization voltage c-Vinit to the fourth node N4.
[0359] Therefore, if the fifth switching TFT T5 is turned on in response to the first scan signal SCAN1, the adjusted
initialization voltage c-Vinit is supplied to the fourth node N4. Thus, the data voltage Vdata written on the organic light
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emitting diode is initialized.
[0360] For example, a parasitic capacitance CEL generated in the anode of the organic light emitting diode causes a
time delay of the current loled involved in emission of the organic light emitting diode. Thus, even if the adjusted initialization
voltage c-Vinit is applied to the anode of the organic light emitting diode and a low voltage is applied to the source node
of the driving TFT DT, the current loled for driving the organic light emitting diode flows without a time delay.
[0361] Therefore, the current loled flowing in the organic light emitting diode rapidly moves, so that the OLED device
without a luminance difference can be implemented.
[0362] The storage capacitor Cst stores a voltage to be applied to the gate node of the driving TFT DT. In this case,
a node of the storage capacitor Cst is connected to the first node N1 as the gate node of the driving TFT DT and the
other node is connected to the fourth node N4 electrically connected to the anode of the organic light emitting diode.
[0363] That is, the storage capacitor Cst is electrically connected to the first node N1 and the fourth node N4 and
stores a voltage difference between a voltage to be applied to the gate node of the driving TFT DT and a voltage to be
applied to the anode of the organic light emitting diode.
[0364] Specifically, a node of the storage capacitor Cst is applied with Vdata+Vth when the first switching TFT T1 and
the second switching TFT T2 are turned on. The other node of the storage capacitor Cst is applied with the initialization
voltage Vinit when the fifth switching TFT T5 is turned on. Therefore, a voltage charged in the storage capacitor Cst is
equal to Vdata+Vth-Vinit.
[0365] FIG. 28 is a waveform diagram showing a signal input into the pixel driving circuit 900 illustrated in FIG. 27 and
a resultant output signal. For convenience in explanation, FIG. 27 and FIG. 28 will be referred to hereinafter.
[0366] Referring to FIG. 28, a refresh section includes an initialization period t1, a sampling period t2, a voltage holding
section t3, a connection section t4, and an emission section t5. The refresh section may be set to about 1 horizontal
period (1 H). During the refresh section, data are written on pixels aligned on a horizontal line in a pixel array. Specifically,
during the refresh section, the threshold voltage Vth of the driving TFT DT in the pixel driving circuit 900 is sampled and
the data voltage Vdata is compensated by the threshold voltage Vth. Thus, the data voltage Vdata is compensated and
written on a pixel in order to determine the amount of current in the organic light emitting diode regardless of the threshold
voltage Vth.
[0367] Referring to FIG. 28, the data voltage Vdata is written on each of pixels passing through the initialization period
t1, the sampling period t2, the voltage holding section t3, the connection section t4, and the emission section t5 and
disposed on the horizontal line. Then, each of the pixels emits light.
[0368] FIG. 28 illustrates that each of the initialization period t1, the sampling period t2, the voltage holding section
t3, the connection section t4, and the emission section t5 is maintained for the same duration time. However, a duration
time for each of the initialization period t1, the sampling period t2, the voltage holding section t3, the connection section
t4, and the emission section t5 may be changed in various ways according to an exemplary embodiment. For example,
the voltage holding section t3 may be shorter than the other sections.
[0369] Firstly, when the initialization period t1 starts, the first scan signal SCAN1 rises to a high state and the second
scan signal SCAN2 is maintained in a low state. At the same time, the n-1th emission control signal EM[n-1] is also
maintained in a low state and the nth emission control signal EM[n] falls from a high state to a low state during the
initialization period t1.
[0370] Thus, during the initialization period t1, the second switching TFT T2 and the fifth switching TFT T5 are turned
on and the first switching TFT T1 and the fourth switching TFT T4 are turned off. Further, the third switching TFT T3 is
turned on only in a section in which the nth emission control signal EM[n] is in a high state. When the nth emission
control signal EM[n] falls to a low state, the third switching TFT T3 is turned off.
[0371] Therefore, the adjusted initialization voltage c-Vinit is supplied to the fourth node N4 through the fifth switching
TFT T5. While the third switching TFT T3 is turned on, the high-potential voltage VDD is supplied to the first node N1
through the second switching TFT T2.
[0372] That is, since the adjusted initialization voltage c-Vinit is supplied to the anode of the organic light emitting
diode, the data voltage Vdata written on the organic light emitting diode during a previous frame is initialized to the
adjusted initialization voltage c-Vinit. Also, the high-potential voltage VDD is supplied to the gate node of the driving TFT
DT.
[0373] Further, the nth emission control signal EM[n] is supplied as a DC voltage to the gate node of the third switching
TFT T3 until it falls from a high state to a low state, so that the third switching TFT T3 is turned on. Then, the high-
potential voltage VDD is supplied to the first node N1 as the gate node of the driving TFT DT.
[0374] During the sampling period t2, the first scan signal SCAN1 is maintained in a high state and the second scan
signal SCAN2 rises to a high state. During the sampling period t2, all of the nth emission control signal EM[n] and the
n-1th emission control signal EM[n-1] are maintained in a low state.
[0375] Thus, during the sampling period t2, the first switching TFT T1, the second switching TFT T2, and the fifth
switching TFT T5 are turned on and the third switching TFT T3 and the fourth switching TFT T4 are turned off.
[0376] Therefore, the data voltage Vdata is supplied to the third node N3 through the first switching TFT T1.
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[0377] Further, when the third switching TFT T3 is turned off, the supply of the high-potential voltage VDD to the first
node N1 is stopped. Then, when the driving TFT DT and the second switching TFT T2 are turned on, the data voltage
Vdata supplied to the third node N3 is supplied to the first node N1 connected to a node of the storage capacitor Cst.
[0378] Specifically, since the third switching TFT T3 is turned off, a voltage of the first node N1 is decreased from the
high-potential voltage VDD to the data voltage Vdata. By scanning such a voltage change, the threshold voltage Vth of
the driving TFT DT can be checked. As a result, during the sampling period t2, the threshold voltage Vth of the driving
TFT DT can be sampled.
[0379] Therefore, when the third switching TFT T3 is turned off and the second switching TFT T2 is turned on, the
second node N2 as the drain node of the driving TFT DT and the first node N1 as the gate node of the driving TFT DT
are connected to the each other. Thus, Vgs of the driving TFT DT is sampled as Vth of the driving TFT DT.
[0380] Also, when the fifth switching TFT T5 is turned on, the adjusted initialization voltage c-Vinit is supplied to the
fourth node N4. When the first switching TFT T1 and the second switching TFT T2 are turned on, Vdata+Vth is supplied
to the first node N1. As a result, the storage capacitor Cst stores Vdata+Vth-c-Vinit.
[0381] Therefore, during the sampling period t2, a voltage of the first node N1 and the second node N2 is equal to
Vdata+Vth, a voltage of the third node N3 is equal to Vdata, and a voltage of the fourth node N4 is equal to the adjusted
initialization voltage c-Vinit.
[0382] Then, when the voltage holding section t3 starts, the first scan signal SCAN1 and the second scan signal
SCAN2 fall to a low state and the nth emission control signal EM[n] and the n-1th emission control signal EM[n-1] are
maintained in a low state.
[0383] Thus, during the voltage holding section t3, all of the switching TFTs T1 to T5 are turned off. Therefore, the
first to fourth nodes N1 to N4 sampled or written in the sampling period t2 are floated respectively, and a voltage of each
node remains unchanged.
[0384] Particularly, in an OLED device in which a switching TFT in a pixel is configured as an oxide semiconductor
TFT and a driving TFT DT in the pixel is configured as an LTPS TFT, the pixel driving circuit 900 is more suitable for
low-speed drive.
[0385] Specifically, the switching TFT configured as the oxide semiconductor TFT has a very low off-current and thus
is suitable to hold the respective voltages of the first to fourth nodes N1 to N4 during the voltage holding section t3.
[0386] That is, in the switching TFT configured as the oxide semiconductor TFT, an off-current is very low during the
voltage holding section t3, so that the respective voltages of the first to fourth nodes N1 to N4 are not decreased but held.
[0387] Accordingly, if the switching TFT in the pixel P of the present disclosure is configured as an oxide semiconductor
TFT and the driving TFT DT in the pixel P is configured as an LTPS TFT, an off-current is low even in low-speed drive.
Therefore, during the voltage holding section t3, the voltages of the respective nodes may be held with almost no decrease.
[0388] During the connection section t4, the first scan signal SCAN1 and the second scan signal SCAN2 are maintained
in a low state. When the connection section t4 starts, the n-1 th emission control signal EM[n-1] rises to a high state and
the nth emission control signal EM[n] is maintained in a low state.
[0389] Thus, during the connection section t4, only the fourth switching TFT T4 is turned on and all of the first switching
TFT T1, the second switching TFT T2, the third switching TFT T3, and the fifth switching TFT T5 are turned off. Therefore,
since the fourth switching TFT T4 is turned on, the third node N3 and the fourth node N4 are electrically connected to
each other and Vdata held in the third node N3 is supplied to the fourth node N4.
[0390] During the emission section t5, the first scan signal SCAN1 and the second scan signal SCAN2 are maintained
in a low state. The nth emission control signal EM[n] rises when the emission section t5 starts, and then remains in a
high state during the emission section t5.
[0391] Further, the n-1th emission control signal EM[n-1] is also maintained in a high state. Thus, during the emission
section t5, the first switching TFT T1, the second switching TFT T2, and the fifth switching TFT T5 are turned off and
the third switching TFT T3 and the fourth switching TFT T4 are turned on.
[0392] Further, the driving TFT DT is also turned on by Vdata+Vth which has been stored in the first node N1 until the
connection section t4. Thus, a path for a driving current to flow is formed from the VDD line to the organic light emitting
diode.
[0393] That is, during the emission section t5, loled flows to the organic light emitting diode through the turned-on
driving TFT DT, third switching TFT T3 and fourth switching TFT T4.
[0394] According to an exemplary embodiment of the present disclosure, the adjusted initialization voltage c-Vinit
having a higher voltage value than that of the prior art is input into the fourth node N4. Therefore, the voltage of the
fourth node N4 connected to the anode of the organic light emitting diode functions to minimize a delay of the current
loled flowing in the organic light emitting diode.
[0395] Specifically, the anode of the organic light emitting diode has a considerably high voltage due to the adjusted
initialization voltage c-Vinit input into the fourth node N4. Therefore, a lower driving voltage is needed for the organic
light emitting diode to emit light. Therefore, a low voltage input into the source node of the driving TFT DT can generate
loled with a sufficient luminance.
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[0396] FIG. 29 is a graph showing a luminance change of Comparative Example and Example depending on a change
in an initialization voltage.
[0397] FIG. 29 shows a change in loled delay section before reaching an appropriate luminance according to Com-
parative Example and Example. Herein, FIG. 29 is a graph showing a change in luminance according to time. In FIG.
29, the time starts from when the initialization voltage is supplied to the pixel driving circuit 900.
[0398] Referring to FIG. 29, Comparative Example is the initialization voltage Vinit input into the pixel driving circuit
in the OLED device according to the prior art. Example is the adjusted initialization voltage c-Vinit input into the pixel
driving circuit 900 in the OLED device according to an exemplary embodiment illustrated in FIG. 27. Further, referring
to FIG. 29, Comparative Example has a very long time delay of loled before reaching a specific luminance as compared
with Example.
[0399] Referring to FIG. 29, an adjusted initialization voltage c-Vinit applied to the pixel driving circuit 900 according
to Example of the present disclosure shows that only when a luminance of image data RGB is lower than a predetermined
luminance, an initialization voltage Vinit is increased and then applied to the pixel driving circuit.
[0400] That is, before an emission control signal is applied, the initialization voltage Vinit according to Example is
higher than an initialization voltage Vinit according to Comparative Example. Herein, Comparative Example may be the
case where the constant initialization voltage Vinit is applied regardless of a luminance of image data RGB or the case
where the luminance of the image data RGB is higher than a predetermined luminance.
[0401] The timing controller of the OLED device according to an exemplary embodiment of the present disclosure
may increase an initialization voltage Vinit to have a luminance value at which a flicker phenomenon does not occur if
a luminance value of input image data RGB is lower than a predetermined luminance.
[0402] That is, during a section where the luminance value is lower than the predetermined luminance, the initialization
voltage Vinit is increased to boost a voltage of the fourth node N4 of the pixel driving circuit 900 connected to the anode
of the organic light emitting diode. Thus, a flicker phenomenon can be suppressed.
[0403] Particularly, in an OLED device including a multi-type TFT, as an initialization voltage Vinit is increased, power
consumption of a plurality of switching TFTs configured as oxide semiconductor TFTs may be increased. However, by
temporarily increasing the initialization voltage Vinit only when a luminance is decreased and a flicker phenomenon
occurs, an increase in power consumption can be suppressed. Accordingly, power consumption of the OLED device
can be minimized and a flicker phenomenon can be reduced.

V. External compensation (2) using initialization voltage Vinit

[0404] FIG. 30 is a waveform diagram showing a signal input into a pixel driving circuit and a change in black luminance
according to an exemplary embodiment of the present disclosure. Also, FIG. 31 is a graph showing recognition of black
luminance during a refresh section according to Comparative Example and Example.
[0405] The pixel driving circuit has substantially the same configuration as illustrated in FIG. 27. Therefore, FIG. 27
will be referred hereinafter.
[0406] If the adjusted initialization voltage c-Vinit is increased to be higher than a predetermined voltage, a black
luminance of the OLED device according to an exemplary embodiment of the present disclosure may be increased.
Particularly, as the adjusted initialization voltage c-Vinit is increased, the black luminance is much more increased in
the initialization period than in the other sections.
[0407] Therefore, in the initialization period, the black luminance may be increased such that a flicker can be recognized
at a specific adjusted initialization voltage c-Vinit.
[0408] That is, if the adjusted initialization voltage c-Vinit is used, a driving voltage in the organic light emitting diode
is increased, thereby decreasing a delay of the current loled flowing in the organic light emitting diode. Thus, a flicker
phenomenon can be reduced. However, if the adjusted initialization voltage c-Vinit is higher than the predetermined
voltage, the black luminance is increased. Thus, a flicker phenomenon may occur again or may be increased.
[0409] In other words, there may be a margin of the adjusted initialization voltage c-Vinit which can reduce a flicker
phenomenon. Thus, the following driving method is suggested to suppress a flicker phenomenon caused by an increase
in black luminance while increasing the adjusted initialization voltage c-Vinit.
[0410] Referring to FIG. 27 and FIG. 30, the entire initialization period in a pixel circuit having a 6T1 C structure is
divided. The entire initialization period is divided into a first initialization period t1 and a second initialization period t1’.
Specifically, during the first initialization period t1 in the entire initialization period, the first scan signal SCAN1 is in a
high state and the second scan signal SCAN2 is in a low state.
[0411] Thus, during the first initialization period t1, the first switching TFT T1 and the fourth switching TFT T4 are
turned off and the second switching TFT T2, the third switching TFT T3, and the fifth switching TFT T5 are turned on.
Therefore, the adjusted initialization voltage c-Vinit is supplied to the fourth node N4. At the same time, since the nth
emission control signal is in a high state, the high-potential voltage VDD is applied to the first node N1 and the second
node N2.
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[0412] Referring to FIG. 30, since the adjusted initialization voltage c-Vinit is supplied to the fourth node N4 during the
first initialization period t1, a current flowing in the organic light emitting diode may be gradually increased and the
luminance may also be gradually increased.
[0413] Thus, in the entire initialization period, the second initialization period t1’ is set such that the luminance of the
organic light emitting diode increased by the adjusted initialization voltage c-Vinit cannot be recognized as a flicker.
Specifically, during the second initialization period t1’, the first scan signal SCAN1 falls to a low state in order for the
adjusted initialization voltage c-Vinit not to be supplied to the fourth node N4.
[0414] That is, during the second initialization period t1’, the first scan signal SCAN1 is in a low state and the second
scan signal SCAN2 is in a high state.
[0415] Therefore, during the second initialization period t1’, the first switching TFT T1 is turned on and the second
switching TFT T2, the third switching TFT T3, the fourth switching TFT T4, and the fifth switching TFT T5 are turned off.
Since all of the second switching TFT T2 and the fifth switching TFT T5 are turned off, the fourth node N4 is floated and
the adjusted initialization voltage c-Vinit is not supplied to the fourth node N4.
[0416] That is, during the second initialization period t1’, a current caused by the adjusted initialization voltage c-Vinit
does not flow in the organic light emitting diode and the luminance of the organic light emitting diode is decreased. The
adjusted initialization voltage c-Vinit supplied during the first initialization period t1 causes an increase in current flowing
in the organic light emitting diode and an increase in luminance, which can be suppressed by converting a state of the
first scan signal SCAN1 into a low state in the second initialization period t1’.
[0417] As such, in the entire initialization period, the second initialization period t1’ in which a state of the first scan
signal SCAN1 is converted into a low state to suppress an increase in luminance of the organic light emitting diode
caused by the adjusted initialization voltage c-Vinit may be referred to as "initialization-divided section".
[0418] FIG. 30 illustrates that each of the entire initialization period t1 and t1’, the sampling period t2, the voltage
holding section t3, and the connection section t4 has the same length. However, the respective sections may have
different lengths. For example, the voltage holding section t3 may be shorter than the other sections.
[0419] Referring to FIG. 31, there is a reference luminance which can be recognized by the human eye as a flicker
due to an increase in black luminance. In Comparative Example, there is a luminance higher than the reference luminance
in at least some sections among the entire initialization period t1 and t1’ and the sampling period t2.
[0420] Meanwhile, in Example, a black luminance is temporarily increased in the first initialization period t1 and the
sampling period t2 but is not higher than the reference luminance which can be recognized as a flicker. Therefore, it
cannot be recognized as a flicker phenomenon.
[0421] Specifically, as illustrated in FIG. 30, the initialization period is divided into the first initialization period t1 and
the second initialization period t1’. Thus, the supply of the adjusted initialization voltage c-Vinit to the fourth node N4 is
suppressed by the first scan signal SCAN1. During the second initialization period t1’, the adjusted initialization voltage
c-Vinit is not supplied to the fourth node N4, so that the black luminance is decreased. Therefore, in Example illustrated
in FIG. 31, the maximum value of the black luminance during the refresh section becomes lower than the reference
luminance which can be recognized as a flicker.
[0422] According to an exemplary embodiment of the present disclosure, during the second initialization period t1’ as
the initialization-divided section in the entire initialization period t1 and t1’, the organic light emitting diode is driven in a
state where the first scan signal SCAN1 falls to a low state. Thus, the fourth node N4 is floated and the adjusted
initialization voltage c-Vinit is not supplied to the fourth node N4 any longer. Thus, the luminance of the organic light
emitting diode is decreased.
[0423] Therefore, during the second initialization period t1’, the luminance of the organic light emitting diode is tem-
porarily decreased, and during the sampling period t2, the adjusted initialization voltage c-Vinit is supplied again to the
fourth node N4 by the first scan signal SCAN1. Thus, the luminance of the organic light emitting diode can be increased
again.
[0424] That is, during the second initialization period t1’, the first scan signal SCAN1 is controlled to be in a low state.
Thus, it is possible to suppress an accumulative increase in luminance of the organic light emitting diode during the
initialization period and the sampling period.
[0425] Therefore, during the initialization period and the sampling period, an increase in black luminance which may
be caused by an increase in voltage of the fourth node N4 by the adjusted initialization voltage c-Vinit is suppressed by
the first scan signal SCAN1. Thus, a flicker phenomenon can be reduced. Further, a margin of the adjusted initialization
voltage c-Vinit which can reduce a flicker phenomenon can be increased.
[0426] The exemplary embodiments of the present disclosure can also be described as follows:
[0427] According to an aspect of the present disclosure, there is provided an OLED device. The OLED device includes
a plurality of pixels each including a pixel driving circuit. The plurality of pixels includes an organic light emitting diode
and a driving TFT configured to control driving of the organic light emitting diode and including a gate node as a first
node, a source node as a second node, and a drain node. Also, the plurality of pixels includes first to third switching
TFTs electrically connected to the driving TFT and first and second storage capacitors configured to store a voltage to
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be applied to the driving TFT DT. Further, the plurality of pixels includes a coupling capacitor connected to a gate node
of the third switching TFT so as to increase a voltage to be applied to the gate node of the driving TFT.
[0428] According to another feature of the present disclosure, the first node N1 as the gate node of the driving TFT
DT is connected to an electrode of the coupling capacitor.
[0429] According to yet another feature of the present disclosure, the gate node of the driving TFT DT is connected
to a source node of the first switching TFT T1 and thus supplied with a data voltage Vdata or a reference voltage Vref.
[0430] According to still another feature of the present disclosure, the second node N2 as the source node of the
driving TFT DT is connected to the second switching TFT T2.
[0431] According to still another feature of the present disclosure, the source node of the driving TFT DT is connected
to a source node of the second switching TFT T2 and an anode of the organic light emitting diode.
[0432] According to still another feature of the present disclosure, the second node N2 is supplied with a voltage
increased corresponding to a voltage increase in the first node N1 so as to maintain a sampling voltage in the first storage
capacitor C1.
[0433] According to still another feature of the present disclosure, the drain node of the driving TFT DT is connected
to a source node of the third switching TFT T3 and supplied with a high-potential voltage VDD.
[0434] According to still another feature of the present disclosure, a voltage increase in the first node N1 caused by
the coupling capacitor reduces a delay of a current loled flowing in the organic light emitting diode.
[0435] According to still another feature of the present disclosure, a gate node of the first switching TFT T1 is connected
to a first scan signal line and turned on or off in response to a first scan signal SCAN1.
[0436] According to still another feature of the present disclosure, the first switching TFT T1 supplies a data voltage
Vdata or a reference voltage Vref to the first node N1.
[0437] According to still another feature of the present disclosure, a gate node of the second switching TFT T2 is
connected to a second scan signal line and turned on or off in response to a second scan signal SCAN2.
[0438] According to still another feature of the present disclosure, the second switching TFT T2 supplies an initialization
voltage Vinit to the second node N2.
[0439] According to still another feature of the present disclosure, the gate node of the third switching TFT T3 serves
as a third node N3 and is connected to an emission control signal line and turned on or off in response to an emission
control signal EM.
[0440] According to still another feature of the present disclosure, the third switching TFT T3 supplies a high-potential
voltage VDD to the drain node of the driving TFT DT.
[0441] According to still another feature of the present disclosure, the coupling capacitor is electrically connected
between a third node N3 as the gate node of the third switching TFT T3 and a fourth node N4 as the drain node of the
driving TFT DT.
[0442] According to still another feature of the present disclosure, a voltage applied to the fourth node N4 is bootstrapped
by the coupling capacitor.
[0443] According to still another feature of the present disclosure, a parasitic capacitor Cpara to be coupled to the first
capacitor C1 is disposed between the first node N1 as the gate node of the driving TFT DT and the fourth node N4 as
the drain node of the driving TFT DT.
[0444] According to still another feature of the present disclosure, the coupling capacitor and the parasitic capacitor
Cpara sequentially perform coupling operations to bootstrap a voltage of the first node N1.
[0445] According to still another feature of the present disclosure, the driving TFT DT is an LTPS TFT.
[0446] According to still another feature of the present disclosure, the first to third switching TFTs T1 to T3 are oxide
semiconductor TFTs.
[0447] According to another aspect of the present disclosure, there is provided an OLED device. The OLED device
includes a plurality of pixels each including an organic light emitting diode and a pixel driving circuit that drives the organic
light emitting diode. Also, the pixel driving circuit includes a driving TFT configured to control driving of the organic light
emitting diode and including a gate node as a first node, a source node as a second node, and a drain node. Further,
the pixel driving circuit includes first to third switching TFTs electrically connected to the driving TFT and first and second
storage capacitors configured to store a voltage to be applied to the driving TFT DT. Furthermore, the pixel driving circuit
includes a coupling capacitor connected to a third node as a gate node of the third switching TFT and the first node as
the gate node of the driving TFT. The pixel driving circuit operates in a period divided into an initialization period in which
a reference voltage Vref is supplied to the first node and an initialization voltage Vinit is supplied to the second node, a
sampling period in which a voltage higher than the reference voltage Vref is supplied to the first node and the voltage
higher than the reference voltage Vref minus a threshold voltage Vth is supplied to the second node by the coupling
capacitor, a programming period in which a data voltage Vdata is supplied to the first node and a voltage of the second
node is changed by the data voltage Vdata, and an emission period in which a delay of a current involved in emission
of the organic light emitting diode is minimized by a voltage bootstrapped to the source node of the driving TFT DT.
[0448] According to another feature of the present disclosure, in the initialization period t1, the first switching TFT T1
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and the second switching TFT T2 are turned on and the third switching TFT T3 is turned off.
[0449] According to yet another feature of the present disclosure, in the sampling period t2, the first switching TFT T1
and the third switching TFT T3 are turned on and the second switching TFT T2 is turned off.
[0450] According to still another feature of the present disclosure, since the third switching TFT T3 is turned on, coupling
between the first storage capacitor C1 and the coupling capacitor occurs and the voltage to be applied to the first node
N1 is bootstrapped.
[0451] According to still another feature of the present disclosure, in the programming period t3, the first switching
TFT T1 is turned on and the second switching TFT T2 and the third switching TFT T3 are turned off.
[0452] According to still another feature of the present disclosure, since the first switching TFT T1 is turned on, the
voltage of the first node N1 is changed and the second node N2 is charged with a voltage determined in the sampling
period t2 and a voltage changed from the changed voltage of the first node N1 by voltage distribution between the first
storage capacitor C1 and the second storage capacitor C2.
[0453] According to still another feature of the present disclosure, in the emission period t4, the first switching TFT T1
and the second switching TFT T2 are turned off and the third switching TFT T3 is turned on.
[0454] Although the exemplary embodiments of the present disclosure have been described in detail with reference
to the accompanying drawings, the present disclosure is not limited thereto and may be embodied in many different
forms without departing from the technical concept of the present disclosure. Therefore, the exemplary embodiments
of the present disclosure are provided for illustrative purposes only but not intended to limit the technical concept of the
present disclosure. The scope of the technical concept of the present disclosure is not limited thereto. Therefore, it
should be understood that the above-described exemplary embodiments are illustrative in all aspects and do not limit
the present disclosure. The protective scope of the present disclosure should be construed based on the following claims.
[0455] The various embodiments described above can be combined to provide further embodiments. These and other
changes can be made to the embodiments in light of the above-detailed description.

Claims

1. An organic light emitting display device comprising:

a plurality of pixels (P), each of the plurality of pixels (P) including:

an organic light emitting diode (OLED);
a driving TFT (DT) configured to control driving of the organic light emitting diode (OLED) and including a
gate node as a first node (N1), a source node as a second node (N2), and a drain node as a fourth node (N4);
first, second, and third switching TFTs (T1, T2, T3) electrically connected to the driving TFT (DT), each of
the first, second, and third switching TFTs (T1, T2, T3) including a respective gate node, source node, and
drain node;
first and second storage capacitors (C1, C2) configured to store a voltage to be applied to the driving TFT
(DT); and
a coupling capacitor (C3) connected to a third node (N3) as the gate node of the third switching TFT (T3)
so as to increase a voltage to be applied to the gate node of the driving TFT (DT).

2. The organic light emitting display device according to claim 1, wherein the first node (N1) is connected to an electrode
of the coupling capacitor (C3).

3. The organic light emitting display device according to claim 2, wherein the gate node of the driving TFT (DT) is
connected to the source node (T1) of the first switching TFT (T1) and the organic light emitting display device is
configured to supply the gate node of the driving TFT (DT) with at least one of a data voltage (Vdata) or a reference
voltage (Vref).

4. The organic light emitting display device according to any one of claims 1 to 3, wherein the second node (N2) is
connected to the source node of the second switching TFT (T2) and to an anode of the organic light emitting diode
(OLED).

5. The organic light emitting display device according to any one of claims 1 to 4, configured to supply the second
node (N2) with a voltage that is increased in correspondence to a voltage increase in the first node (N1) so as to
maintain a sampling voltage in the first storage capacitor (C1).
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6. The organic light emitting display device according to any one of claims 1 to 5, wherein the fourth node (N4) is
connected to the source node of the third switching TFT (T3) and the organic light emitting display device is configured
to supply the source node of the third switching TFT (T3) with a high-potential voltage (VDD).

7. The organic light emitting display device according to any one of claims 1 to 6, configured such that a voltage
increase in the first node (N1) caused by the coupling capacitor (C3) reduces a delay of a current flowing in the
organic light emitting diode (OLED).

8. The organic light emitting display device according to claim 1 or 2, wherein the gate node of the first switching TFT
(T1) is connected to a first scan signal line and
wherein the first switching TFT (T1) is configured to supply at least one of a data voltage (Vdata) or a reference
voltage (Vref) to the first node (N1) in response to a first scan signal (SCAN1).

9. The organic light emitting display device according to claim 8, wherein the gate node (T2) of the second switching
TFT (T2) is connected to a second scan signal line and
wherein the second switching TFT (T2) is configured to supply an initialization voltage (Vinit) to the second node
(N2) in response to a second scan signal (SCAN2).

10. The organic light emitting display device according to any one of claims 1 to 5, wherein the third node (N3) is
connected to an emission control signal line and
wherein the third switching TFT (T3) is configured to supply a high-potential voltage (VDD) to the fourth node (N4)
in response to an emission control signal (EM).

11. The organic light emitting display device according to any one of claims 1 to 10, wherein the coupling capacitor (C3)
is electrically connected between the third node (N3) and the fourth node (N4), and
wherein preferably the organic light emitting display device is configured to bootstrap a voltage of the fourth node
(N4) by the coupling capacitor (C3).

12. The organic light emitting device according to claim 11, each of the plurality of pixels (P) further comprising a parasitic
capacitor (Cpara) coupled to the first storage capacitor (C1) and disposed between the first node (N1) and the fourth
node (N4),
wherein, preferably, the coupling capacitor (C3) and the parasitic capacitor (Cpara) are configured to sequentially
perform coupling operations to bootstrap a voltage of the first node (N1).

13. The organic light emitting display device of claim 1, each pixel further comprising:

a pixel driving circuit (300) configured to drive the organic light emitting diode (OLED),
wherein the pixel driving circuit (300) includes:

the driving TFT (DT);
the first, second, and third switching TFTs (T1, T2, T3);
the first and second storage capacitors (C1, C2); and
the coupling capacitor (C3) connected to a third node (N3) as the gate node of the third switching TFT (T3)
and to the first node (N1), and

the pixel driving circuit (300) is configured to operate in a period divided into:

an initialization period (t1) in which a reference voltage (Vref) is supplied to the first node (N1) and an
initialization voltage (Vinit) is supplied to the second node (N2);
a sampling period (t2) in which a voltage higher than the reference voltage (Vref) is supplied to the first
node (N1) and the voltage higher than the reference voltage (Vref) minus a threshold voltage is supplied
to the second node (N2) by the coupling capacitor (C3);
a programming period (t3) in which a data voltage (Vdata) is supplied to the first node (N1) and a voltage
of the second node (N2) is changed by the data voltage (Vdata); and
an emission period (t4) in which a delay of a current involved in emission of the organic light emitting diode
(OLED) is minimized by a voltage bootstrapped to the source node of the driving TFT (DT).

14. The organic light emitting display device according to claim 13, configured such that:
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- in the initialization period (t1), the first switching TFT (T1) and the second switching TFT (T2) are turned on
and the third switching TFT (T3) is turned off, and
- in the emission period (t4), the first switching TFT (T1) and the second switching TFT are turned off and the
third switching TFT (T3) is turned on; and/or such that:

- in the sampling period (t2), the first switching TFT (T1) and the third switching TFT (T3) are turned on and
the second switching TFT (T2) is turned off, wherein, preferably, coupling between the first storage capacitor
(C1) and the coupling capacitor (C3) occurs and the voltage to be applied to the first node (N1) is boot-
strapped.

15. The organic light emitting display device according to claim 13 or 14, configured such that, in the programming
period (t3), the first switching TFT (T1) is turned on and the second switching TFT (T2) and the third switching TFT
(T3) are turned off,
wherein, preferably, the voltage of the first node (N1) is changed and the second node (N2) is charged with a sum
of a voltage determined in the sampling period (t2) and a voltage changed from voltage distribution of the voltage
variation in the first node (N1) between the first storage capacitor (C1) and the second storage capacitor (C2).
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