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ELECTROLUMINESCENT DISPLAY DEVICE
AND DRIVING METHOD OF THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korea Patent
Application No. 10-2017-0149552 filed on Nov. 10, 2017,
which is incorporated herein by reference for all purposes as
if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present document relates to an electrolumines-
cent display device and a method for driving the electrolu-
minescent display device.

Description of the Related Art

[0003] The electroluminescent display device is classified
into an inorganic light emitting display device and an
organic light emitting display device according to the mate-
rial of a light emitting layer. The organic light emitting
display device of an active matrix type includes an organic
light emitting diode OLED which emits light itself, and has
the advantages of high response speed, high luminous effi-
ciency, high luminance and wide viewing angle.

[0004] The organic light emitting display device arranges
the pixels each of which includes the OLED in a matrix form
and adjusts the luminance of the pixels according to grada-
tion of image data. Each pixel includes a driving TFT (Thin
Film Transistor), which controls the driving current flowing
through the OLED according to the voltage between a gate
electrode and a source electrode, and one or more switching
TFTs for programming the voltage between the gate elec-
trode and the source electrode of the driving TFT, and
adjusts the display luminance by emitting the OLED with a
luminance proportional to the driving current.

[0005] The driving characteristics of the pixel such as the
threshold voltage of the driving TFT must be the same in all
the pixels, in order to realize uniform image quality without
luminance and color difference between pixels. However,
there may be a deviation in the driving characteristics
between pixels due to a process variation. In addition, as the
driving time of a display device elapses, the deterioration
progress speeds of pixels become different from each other,
and the differences in the driving characteristics between
pixels may become large. Such a driving characteristic
deviation can change the amount of driving current flowing
to the OLED, resulting in image quality irregularity between
pixels.

[0006] In order to improve the image quality and lifetime
of a display device, an internal compensation circuit for
compensating for the differences in driving characteristics
between pixels is applied to the organic light emitting
display device. The internal compensation circuit may be
implemented inside the pixel. The organic light emitting
display device uses the compensation circuits implemented
in pixels, to sample the gate-source voltage of the driving
TFT which varies according to the threshold voltage of the
driving TFT and compensate for the variation of the thresh-
old voltage of the driving TFT based on the sampled voltage.
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BRIEF SUMMARY

[0007] The driving current determining the emitting lumi-
nescence of the OLED depends on the gate-source voltage
of the driving TFT. The gate-source voltage of the driving
TFT is updated every frame in accordance with the writing
period of a data voltage. However, when same image is
displayed on a pixel for a long time, a hysteresis phenom-
enon occurs because the gate-source voltage of the driving
TFT included in the pixel does not change. Such the
hysteresis phenomenon may induce a DC afterimage and
lowers display quality. The longer the time during which the
gate-source voltage of the driving TFT is maintained at a
same value, the stronger the hysteresis phenomenon
becomes.

[0008] Accordingly, an objective of the present disclosure
is to provide the electroluminescent display device and the
driving method for the same which can improve the hyster-
esis phenomenon of the driving TFT and enhance display
quality.

[0009] The electroluminescent display device according to
the present disclosure may comprise a plurality of pixels.
Each of the plurality of pixels comprises a driving element
for generating a driving current, a light emitting element for
emitting light according to the driving current, an emission
controlling element for controlling a flow of the driving
current between the driving element and the light emitting
element, and a switching circuit for setting a first gate-source
voltage of the driving element corresponding to the driving
current based on a first data voltage during a first period and
setting a second gate-source voltage of the driving element
based on a second data voltage different from the first data
voltage during a second period following the first period, the
second gate-source voltage being different from the first
gate-source voltage, and during the second period the emis-
sion controlling element is turned off.

[0010] The second gate-source voltage is for changing the
on-biased state of the driving element to compensate a
hysteresis phenomenon of the driving element, and the
switching circuit may set the second gate-source voltage a
plurality of times based on a plurality of data voltages
including the second data voltage during the second period.
[0011] The driving element may become a first on-biased
state by the first gate-source voltage and become a second
on-biased state by the second gate-source voltage, and the
first on-biased state and the second on-biased state are
different from each other.

[0012] The second data voltage may be applied to another
pixel during the second period, and a first gate-source
voltage of a driving element included in the another pixel
may be set according to the second data voltage.

[0013] During the emission controlling element is turned
on within the first period, the light emitting element may
emit light by the driving current applied through the emis-
sion controlling element, and the first and second periods are
included in one frame.

[0014] The electroluminescent display device may further
comprise a source driver for generating the first data voltage
to supply to a data line connected to the plurality of pixels
within the first period, and generating the second data
voltage to supply the data line within the second period; and
a gate driver for generating a first pulse of a first scan signal
synchronized with the first data voltage to supply to a first
gate line connected to the plurality of pixels within the first
period, generating a second pulse of a first scan signal
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synchronized with the second data voltage to supply to the
first gate line within the second period, and generating a first
pulse of a second scan signal synchronized with the second
data voltage to supply to a second gate line connected to the
plurality of pixels within the second period.

[0015] A gate electrode, a first electrode and a second
electrode of the driving element may be respectively con-
nected to a second node, a first node and a third node, the
emission controlling element may be connected between the
third node and a fourth node, the light emitting element may
be connected between the fourth node and an input terminal
of a low potential power voltage, and the switching circuit
may be connected to the data line through which the first and
second data voltages are supplied, a first power line through
which an initializing voltage is supplied, and a second power
line through which a high potential power voltage is sup-
plied.

[0016] The switching circuit may comprise a first switch-
ing element T1 connected between the first node and the data
line, a second switching element T2 connected between the
first node and the second power line, a third switching
element T3 connected to the second node and the third node,
a fourth switching element T4 connected to the second node
and the first power line, a fifth switching element T5
connected to the fourth node and the first power line and a
storage capacitor connected between the second power line
and the second node.

[0017] The fourth switching element T4 may be switched
according to an (n—1)th scan signal, the first, third and fifth
switching elements T1, T3 and T5 may be switched accord-
ing to an nth scan signal, the nth scan signal being later than
the (n-1) the scan signal in their phases of an on period, the
emission controlling element and the second switching
element T2 may be switched according to an nth emission
signal, the (n—1)th scan signal and the nth scan signal may
be respectively input as an on level in the first period and the
second period sequentially, and the nth emission signal may
be input as an off level in the first and second periods and
input as the on level in a third period between the first period
and the second period.

[0018] The method of driving an electroluminescent dis-
play device equipped with a plurality of pixels according to
another embodiment of the present disclosure, each of the
plurality of pixels comprising a driving element for gener-
ating a driving current, a light emitting element for emitting
light according to the driving current and an emission
controlling element for controlling a flow of the driving
current between the driving element and the light emitting
element, comprises: setting a first gate-source voltage of the
driving element corresponding to the driving current based
on a first data voltage during a first period; and setting a
second gate-source voltage of the driving element based on
a second data voltage different from the first data voltage
during a second period following the first period, the second
gate-source voltage being different from the first gate-source
voltage, and during the second period the emission control-
ling element is turned off.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0019] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
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illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0020] FIG. 1 is a block diagram illustrating an electrolu-
minescent display device according to an embodiment of the
present disclosure.

[0021] FIG. 2 is a diagram illustrating a pixel array of an
electroluminescent display device according to an embodi-
ment of the present disclosure.

[0022] FIG. 3 is a diagram schematically showing an
equivalent circuit of the pixel shown in FIG. 2.

[0023] FIG. 4 is a waveform diagram showing an example
of the multi-scan driving method for improving hysteresis
phenomenon.

[0024] FIG. 5 is a waveform diagram showing another
example of the multi-scan driving method for improving
hysteresis phenomenon.

[0025] FIGS. 6A to 6C shows that an afterimage is
improved according to the multi-scan driving method.
[0026] FIG. 7 specifically shows the equivalent circuit of
the pixel shown in FIG. 2.

[0027] FIG. 8 is a waveform diagram showing driving
signals input to the pixel of FIG. 7 and potential changes of
specific pixel nodes according to the driving signals.
[0028] FIG. 9A is an equivalent circuit diagram showing
the operation of the pixel during a first initializing period of
FIG. 8.

[0029] FIG. 9B is an equivalent circuit diagram showing
the operation of the pixel during a first sampling period of
FIG. 8.

[0030] FIG. 9C is an equivalent circuit diagram showing
the operation of the pixel during an emission period of FIG.
8.

[0031] FIG. 9D is an equivalent circuit diagram showing
the operation of the pixel during a second initializing period
of FIG. 8.

[0032] FIG. 9E is an equivalent circuit diagram showing
the operation of the pixel during a second sampling period
of FIG. 8.

DETAILED DESCRIPTION

[0033] The advantages and features of the present disclo-
sure and methods of accomplishing the same may be under-
stood more readily by reference to the following detailed
descriptions of exemplary embodiments and the accompa-
nying drawings. The present disclosure may, however, be
embodied in many different forms and should not be con-
strued as being limited to the exemplary embodiments set
forth herein. Rather, these exemplary embodiments are
provided so that this disclosure will be thorough and com-
plete and will fully convey the concept of the present
disclosure to those skilled in the art, and the present disclo-
sure is defined by the appended claims.

[0034] The shapes, sizes, percentages, angles, numbers,
etc. shown in the figures to describe the exemplary embodi-
ments of the present disclosure are merely examples and not
limited to those shown in the figures. Like reference numer-
als denote like elements throughout the specification. In
describing the present disclosure, detailed descriptions of
related well-known technologies will be omitted to avoid
unnecessary obscuring the present disclosure. When the
terms ‘comprise,” ‘have,” ‘consist of” and the like are used,
other parts may be added as long as the term ‘only’ is not
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used. The singular forms may be interpreted as the plural
forms unless explicitly stated.

[0035] The elements may be interpreted to include an error
margin even if not explicitly stated.

[0036] When the position relation between two parts is
described using the terms ‘on,” ‘over,” ‘under,” ‘next to” and
the like, one or more parts may be positioned between the
two parts as long as the term ‘immediately’ or ‘directly’ is
not used.

[0037] It will be understood that, although the terms first,
second, etc., may be used to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another
element. Thus, a first element referred to below may be a
second element within the scope of the present disclosure.
[0038] Like reference numerals denote like elements
throughout the specification.

[0039] The features of various exemplary embodiments of
the present disclosure may be combined with one another
either partly or wholly, and may technically interact or work
together in various ways. The exemplary embodiments may
be carried out independently or in combination with one
another.

[0040] In this specification, the pixel circuit formed on the
substrate of a display panel may be implemented by a TFT
of a p-type MOSFET structure, but the present disclosure is
not limited thereto. The TFT or the transistor is the element
of 3 electrodes including a gate, a source and a drain. In one
embodiment, a transistor or a TFT may be referred to as an
element of the display panel. That is, an element can be in
the form of a transistor or a TFT. The source is an electrode
for supplying a carrier to the transistor. Within the TFT the
carrier begins to flow from the source. The drain is an
electrode from which the carrier exits the TFT. That is, the
flow of carriers in the MOSFET is from the source to the
drain. In the case of a P-type MOSFET (PMOS), since the
carrier is the hole, the source voltage has a voltage higher
than the drain voltage so that holes can flow from the source
to the drain. In the P-type MOSFET, a current direction is
from the source to the drain because holes flow from the
source to the drain. It should be noted that the source and
drain of the MOSFET are not fixed. For example, the source
and drain of the MOSFET may vary depending on the
applied voltage. Therefore, in the description of the present
disclosure, one of the source and the drain is referred to as
a first electrode, and the other one of the source and the drain
is referred to as a second electrode.

[0041] Hereinafter, various embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings. The component names used in the
following description are selected in consideration of facili-
tating the specification, and may be different from the parts
names of actual products. In the following embodiments, an
electroluminescent display device will be described mainly
with respect to an organic light emitting display device
including organic light emitting material. However, the
present disclosure is not limited to the organic light emitting
display device, but may be applied to an inorganic light
emitting display device including inorganic light emitting
material.

[0042] FIG. 1 is a block diagram illustrating an electrolu-
minescent display device according to an embodiment of the
present disclosure, FIG. 2 is a diagram illustrating a pixel
array of an electroluminescent display device according to
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an embodiment of the present disclosure, and FIG. 3 is a
diagram schematically showing an equivalent circuit of the
pixel shown in FIG. 2.

[0043] Referring to FIGS. 1 to 3, the electroluminescent
display device according to the present disclosure comprises
a display panel 10 equipped with pixels PXL, driving
circuits 12 and 13 for driving the signal lines connected to
the pixels PXL, and a timing controller 11 for controlling the
driving circuits 12 and 13.

[0044] The driving circuits 12 and 13 write input image
data DATA to the pixels PXL of the display panel 10. The
driving circuits 12 and 13 comprise a source driver 12 for
driving the data lines 14 connected to the pixels PXL and a
gate driver 13 for driving the gate lines 15 connected to the
pixels PXL.

[0045] A plurality of data lines 14 and a plurality of gate
lines 15 cross each other on the display panel 10, and the
pixels PXL are arranged in a matrix form. The pixels PXL
may comprise an organic light emitting diode OLED. The
OLED that emits light by itself includes an anode electrode,
a cathode electrode, and organic compound layers formed
therebetween. The organic compound layers include a hole
injection layer HIL, a hole transport layer HTL, an emission
layer EML, an electron transport layer ETL, and an electron
injection layer EIL. When a driving voltage is applied to the
anode electrode and the cathode electrode, holes passing
through the HTL and electrons passing through the ETL are
transferred to the EML to form excitons. As a result, the light
emitting layer EML generates visible light.

[0046] The display panel 10 may include a display area
AA equipped with a pixel array and a non-display area
outside of the display area AA. The pixel array is provided
with a plurality of horizontal pixel lines L1 to 1.4 as shown
in FIG. 2, and a plurality of pixels PXL adjacent horizontally
and connected to the gate lines 15 are disposed on each of
the horizontal pixel lines L1 to L4. Here, each of the
horizontal pixel lines L1 to .4 is not a physical signal line,
but means a pixel group of one line, which is implemented
by horizontally neighboring pixels PXL. The pixel array
may include an initializing power line 16 for supplying an
initializing voltage Vinit to the pixels PXL and a high
potential power line 17 for supplying a high potential power
voltage EVDD to the pixels PXL. The pixels PXL may be
connected to a low potential power voltage EVSS. Each of
the gate lines 15 may include a first gate line 15a for
supplying a scan signal SC and a second gate line 155 for
supplying an emission signal EM.

[0047] Each of the pixels PXL may be one of a red pixel,
a green pixel, a blue pixel and a white pixel. The red pixel,
the green pixel, the blue pixel, and the white pixel may
constitute one unit pixel for color implementation. The color
implemented in the unit pixel may be determined according
to the emission ratio of the red pixel, the green pixel, the blue
pixel, and the white pixel. Each of the pixels PXL may be
connected to one data line 14, at least one first gate line 15a,
one second gate line 155, the initializing power line 16, the
high potential power line 17, etc. Each pixel PXL may be
further connected to a first gate line 15a disposed in a
previous horizontal pixel line. Each pixel disposed in a nth
horizontal pixel line L(n) is supplied with a nth scan signal
SC(n) and a nth emission line EM(n) assigned to the nth
horizontal pixel line L(n) and a (n-1)th scan signal SC(n-1)
assigned to a (n-1)th horizontal pixel line [.(n-1). However,
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gate lines connected to each pixel PXL and gate signals may
vary depending on the circuit configuration of the pixel
PXI..

[0048] Each pixel PXL may comprise a driving TFT DT
for generating a driving current, an OLED for emitting light
according to the driving current and a switching circuit SWC
for programing a voltage between a gate and a source of the
driving TFT DT, as shown in FIG. 3. Each pixel PXL may
further comprise an emission controlling TFT ET for turning
on/off a current flow between the driving TFT DT and the
OLED for PWM (Pulse Width Modulation) driving. The
PWM driving is to control the emission duty of the OLED
in one frame to remove flicker and afterimage in a low
gradation representation. An off period of the emission
controlling TFT ET for PWM driving may be determined
according to a predetermined PWM duty ratio.

[0049] Each of the pixels PXL may change the on-biased
state of the driving TFT DT at least once within the off
period of the emission controlling TFT ET so that the level
of the hysteresis phenomenon can be reduced. For this
purpose, each of the pixels PXL may change the gate-source
voltage of the driving TFT DT equal to or more than twice
in one frame based on a multi-scan driving method.

[0050] The source driver 12 converts input image data
DATA received from the timing controller 11 every frame
into data voltages Vdata, and then supplies the data voltages
to the data lines 14. The source driver 12 uses a digital-to-
analog converter DAC converting the input image data
DATA into gamma compensation voltages to output the data
voltages Vdata.

[0051] A multiplexer may be disposed between the source
driver 12 and the data lines 14 of the display panel 10. The
multiplexer distributes the data voltages output through one
output channel to the plurality of the data lines, thereby
reducing the number of the output channels of the source
driver 12 to the number of the data lines. The multiplexer
may be omitted depending on the resolution or purpose of
display devices.

[0052] The source driver 12 may further comprise a power
generating unit. The power generating unit may generate an
initializing voltage Vinit to supply to the initializing power
line 16 and generate a high potential power voltage EVDD
to supply to the high potential power line 17. The power
generating unit may further generate a low potential power
voltage EVSS. The power generating unit may be mounted
outside the source driver 12 and then be connected to the
source driver 12 via a conductive film, etc. The initializing
voltage Vinit may be designed to be within considerably
lower voltage ranges than the operation voltage of the
OLED, in order to prevent the OLED from unnecessarily
emitting light during an initializing period and a sampling
period.

[0053] The gate driver 13 may comprise a first gate driver
for generating the scan signals SC(1)~SC(4) of FIG. 2 and
a second gate driver for generating the emission signals
EM(1)~EM(4).

[0054] The first gate driver includes stages as many as the
horizontal pixel lines L1~L.4 and outputs the scan signals
SC(1)~SC(4) under the control of the timing controller 11.
The first gate driver may be implemented by a shift register
and sequentially supply the scan signals SC(1)~SC(4) to first
gate lines 15a(1)~15a(4) through a plurality of first output
nodes. The first gate driver may sequentially supply the scan
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signals SC(1)~SC(4) to the first gate lines 15a(1)~15a(4) a
plurality of times in one frame the according to a multi-scan
driving method.

[0055] The second gate driver includes stages as many as
the horizontal pixel lines L1-L4 and outputs the emission
signals EM(1)~EM(4) under the control of the timing con-
troller 11. The second gate driver may be implemented by a
shift register and sequentially supply the emission signals
EM(1)~EM(4) to second gate lines 155(1)~155(4) through a
plurality of second output nodes.

[0056] To simplify the configuration of the gate driver 13,
each of the first output nodes may be commonly connected
to two adjacent horizontal pixel lines. In order to drive the
pixels PXL in FIG. 7, two scan signals having different
on-timings are necessary. For example, if an (n-1)th scan
signal SC(n-1) and a nth scan signal SC(n) are used as two
scan signals applied to the pixels of a nth horizontal pixel
line Ln, one gate driver may be omitted so an advantage
occurs of simplifying the configuration of the gate driver 13.
In this case, since the (n-1)th scan signal SC(n-1) and the
nth scan signal SC(n) are sequentially output from one gate
driver, the pulse widths of the two scan signals are same but
the phases are different from each other

[0057] The gate drive 13 may be directly formed on a
non-display area of the display panel 10 with the pixel array
through the process of a gate-driver in panel GIP, but is not
limited thereto. The gate driver 13 may be manufactured in
an IC type and then bonded to the display panel 10 through
a conductive film.

[0058] The timing controller 11 receives digital data
DATA of input image and timing signals synchronized with
the digital data from a host system. The timing signals
includes a vertical synchronization signal Vsync, a horizon-
tal synchronization signal Hsync, a dot clock signal DCLK,
and a data enable signal DE. The host system may be one of
a television system, a set-top box, a navigation system, a
DVD player, a Blu-ray player, a personal computer, a home
theater system and a phone system or the like.

[0059] The timing controller 11 may multiply an input
frame frequency by i (i is a positive integer larger than 0)
times and control the operation timings of the driving
circuits 12 and 13 at a frame frequency of the input frame
frequency x 1 Hz. The input frame frequency is 60 Hz in the
NTSC (National Television Standards Committee) scheme
and 50 Hz in PAL (Phase-Alternating Line) scheme.
[0060] The timing controller 11 generates the data control
signal DDC for controlling the operation timings of the
source driver 12 and the gate control signal GDC for
controlling the operation timings of the gate driver 13, based
on the timing signals received from the host system.
[0061] The data control signal DDC includes a source start
pulse, a source sampling clock, a source output enable
signal, and the like. The source start pulse controls the
sampling start timing of the source driver 12. The source
sampling clock is a clock signal that shifts data sampling
timings. If the signal transmitting interface between the
timing controller 11 and the source driver 12 is a mini-LVDS
(Low Voltage Differential Signaling) interface, the source
start pulse and the source sampling clock may be omitted.
[0062] The gate control signal GDC includes a gate start
pulse, a gate shift clock, a gate output enable signal, and the
like. In case of the GIP circuit, the gate output enable signal
may be omitted. The gate start pulse is generated at the
beginning of a frame period every frame period, and input
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to a shift register of each gate driver 13. The gate start pulse
controls the start timing, at which the scan signals and the
emission signals are output, every frame period. The gate
shift clock is input to a shift register of the gate driver 13 to
control the shift timings of the gate signals.

[0063] FIG. 4 is a waveform diagram showing an example
of the multi-scan driving method for improving hysteresis
phenomenon and FIG. 5 is a waveform diagram showing
another example of the multi-scan driving method for
improving hysteresis phenomenon.

[0064] The on-biased state of the driving TFT DT may be
implemented by the gate-source voltage of the driving TFT
DT satisfying a conducting condition. Each pixel PXL may
be further supplied with the data voltage assigned to another
pixel within an off-state duration of the emission controlling
TFT ET, in order for the on-biased state to be changed at
least one time in one frame. For this, each pixel PXL may
be applied with two or more data voltages in the multi-scan
method such as FIGS. 4 and 5.

[0065] Referring to FIG. 4, for the multi-scan driving,
each of the scan signals SC(1)~SC(n) may be input as an on
level ON twice within one frame. In this case, each of the
scan signals SC(1)~SC(n) includes a first pulse of a scan
signal corresponding to a first on level ON and a second
pulse of the scan signal corresponding to a second on level
ON. At this time, each of the emission signals is input as an
on level ON between the first pulse of the scan signal and the
second pulse of the scan signal, and input as an off level OFF
while overlapping the first pulse of the scan signal and the
second pulse of the scan signal. The off level periods OFF
of the emission signals EM(1)~EM(n) correspond to the off
period of the emission controlling TFT ET.

[0066] Referring to FIG. 4, the example, in which a pixel
A is driven according to a first scan signal SC(1) and a first
emission signal EM(1) and a pixel B is driven according to
a second scan signal SC(2) and a second emission signal
EM(2), is described as follows. The pixel A and the pixel B
are connected to a same data line 14.

[0067] Referring to FIG. 4. in the pixel A, a first gate-
source voltage of the driving TFT DT is set based on a first
data voltage V1 in a first period and a second gate-source
voltage of the driving TFT DT may be set based on a second
data voltage Vk different from the first data voltage V1 in a
second petiod, following the first period, during which the
emission controlling TFT ET is turned off. Here, the first
gate-source voltage is for generating a driving current emit-
ting the OLED in the pixel A, and the second gate-source
voltage is for changing the on-biased state of the driving
TFT DT in the pixel A to lower the hysteresis phenomenon.
The emission controlling TFT ET is turned on in the first
period, and the OLED emits light by the driving current
during the emission controlling TFT ET is turned on. The
first and second periods are included in one frame period.

[0068] Referring to FIG. 4, the source driver 12 generates
the first data voltage V1 to supply to the data lines 14
connected to the pixels A and B in the first period, and
generates the second data voltage Vk to supply to the data
lines 14 connected to the pixels A and B in the second
period. And, the gate driver 13 generates a first pulse of a
first scan signal (P1 of SC(1)) synchronized with the first
data voltage V1 to supply to the first gate line connected to
the pixel A in the first period, and generates a second pulse
of the first scan signal (P2 of SC(1)) synchronized with the
second data voltage Vk to supply to the first gate line in the

May 16, 2019

second period. Also, the gate driver 13 generates a first pulse
of a second scan signal (P1' of SC(k)) synchronized with the
second data voltage Vk to supply to a second gate line
connected to the pixel B in the second period.

[0069] So, the second data voltage Vk is input to the pixel
A and the pixel B simultaneously in the second period. In the
case of the pixel A, the second gate-source voltage of the
driving TFT DT is set according to the second data voltage
Vk. On the other hand, in the case of the pixel B, the first
gate-source voltage of the driving TFT DT is set according
to the second data voltage Vk.

[0070] With respect to all pixels, the period becomes short
during which a first on-biased state in accordance with the
first gate-source voltage is changed into a second on-biased
state in accordance with the second gate-source voltage
within one frame. Accordingly, since the time that the
gate-source voltage of the driving TFT DT remains the same
becomes short, the hysteresis phenomenon can be alleviated.
[0071] Meanwhile, referring to FIG. 5, each of the scan
signals SC(1)~SC(n) may be input while having the on level
ON three times within one frame, for the multi-scan driving.
In this case, each of the scan signals SC(1)~SC(n) includes
a first pulse of a scan signal corresponding to a first on level
ON, a second pulse of the scan signal corresponding to a
second on level ON and a third pulse of the scan signal
corresponding to a third on level ON. At this time, each of
the emission signals EM(1)~EM(n) is input as an on level
ON between the first pulse of the scan signal and the second
pulse of the scan signal, and input as an off level OFF while
overlapping the first pulse of the scan signal, the second
pulse of the scan signal and the third pulse of the scan signal.
The off period of the emission controlling TFT ET becomes
the off level OFF period of the emission signals EM(1)~EM
(n).

[0072] Referring to FIG. 5, the example, in which a pixel
A is driven according to a first scan signal SC(1) and a first
emission signal EM(1), a pixel B is driven according to a
second scan signal SC(i) and a second emission signal EM(i)
and a pixel C is driven according to a third scan signal SC(j)
and a third emission signal EM(j), is described as follows.
The pixels A, B and C are connected to a same data line 14.
[0073] Referring to FIG. 5, in the pixel A, a first gate-
source voltage of the driving TFT DT is set based on a first
data voltage V1 in a first period, a second gate-source
voltage of the driving TFT DT may be set two times based
on second data voltages Vi and Vj different from the first
data voltage V1 in a second period during which the
emission controlling TFT ET is turned off. Here, the first
gate-source voltage is for generating a driving current emit-
ting the OLED in the pixel A, and the second gate-source
voltage is for changing the on-biased state of the driving
TFT DT in the pixel A to lower the hysteresis phenomenon.
And, the second gate-source voltage is different from the
first gate-source voltage. Setting the second gate-source
voltage multiple times also has the advantage that the
response speed is improved. Since the emission controlling
TFT ET is turned on in the first period, the OLED emits light
by the driving current during the emission controlling TET
ET is turned on. The first and second periods are included in
one frame period.

[0074] Referring to FIG. 5, the source driver 12 generates
the first data voltage V1 to supply to the data lines 14
connected to the pixels A, B and C in the first period, and
generates the second data voltages Vi and Vj to supply to the
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data lines 14 connected to the pixels A, B and C in the
second period. And, in the first period, the gate driver 13
generates a first pulse of a first scan signal (P1 of SC(1))
synchronized with the first data voltage V1 to supply to the
first gate line connected to the pixel A. In the second period,
the gate driver 13 also generates a second pulse of the first
scan signal (P2 of SC(1)) synchronized with the second data
voltage Vi to supply to the first gate line and then generates
a third pulse of the first scan signal (P3 of SC(1)) synchro-
nized with the second data voltage Vj to supply to the first
gate line in the second period. Also, in the second period, the
gate driver 13 generates a first pulse of a second scan signal
(P1' of SC(i)) synchronized with the second data voltage Vi
to supply to a second gate line connected to the pixel B and
then generates a first pulse of a third scan signal (P1" of
SC(j)) synchronized with the second data voltage Vj to
supply to a third gate line connected to the pixel C.
[0075] So, the second data voltage Vi is input to the pixel
A and the pixel B simultaneously in the second period. In the
case of the pixel A, the second gate-source voltage of the
driving TFT DT is set according to the second data voltage
Vi. On the other hand, in the case of the pixel B, the first
gate-source voltage of the driving TFT DT is set according
to the second data voltage Vi.

[0076] Also, the second data voltage Vj is input to the
pixels A, B and C simultaneously in the second period. In the
case of the pixels A and B, the second gate-source voltage
of the driving TFT DT is set according to the second data
voltage Vj. On the other hand, in the case of the pixel C, the
first gate-source voltage of the driving TFT DT is set
according to the second data voltage Vj.

[0077] With respect to all pixels, the period, during which
a first on-biased state in accordance with the first gate-source
voltage is changed into a second on-biased state in accor-
dance with the second gate-source voltage within one frame,
becomes shorter than FIG. 4. Accordingly, since the time
that the gate-source voltage of the driving TFT DT remains
the same becomes short, the hysteresis phenomenon can be
alleviated.

[0078] FIGS. 6A-6C shows that an afterimage is improved
according to the multi-scan driving method.

[0079] The degree of the hysteresis phenomenon is pro-
portional to the time during which the gate-source voltage of
the driving TFT is maintained. If the image such as FIG. 6A
is displayed for a long time, the afterimage such as FI1G. 6B
appears. When the threshold voltage of the driving TFT is
compensated in each pixel, the hysteresis phenomenon
causes a mis-compensation and induces a DC afterimage to
reduce display quality. If the time that the gate-source
voltage of the driving TFT is maintained is reduced within
one frame through the multi-scan driving such as FIGS. 4
and 5 of the present disclosure, the DC afterimage can be
remarkably reduced and the display quality can be improved
as shown in FIG. 6C. According to the present description,
by also applying the data voltage applied to a second pixel
to the driving TFT of a first pixel during the emission
controlling TFT is turned off within one frame, the hysteresis
phenomenon of the driving TFT of the first pixel can be
effectively improved without an additional increase in driv-
ing time.

[0080] FIG. 7 specifically shows the equivalent circuit of
the pixel shown in FIG. 2.

[0081] Referring to FIG. 7, the pixel PXL according to one
embodiment of the present disclosure comprises an OLED,
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a plurality of TFTs (T1-T5, ET, DT) and a storage capacitor
Cst. The TFTs (T1~T5, ET, DT) may be implemented by
low-temperature polycrystalline silicon (LTPS) TFTs of a
PMOS type having good response characteristics. But, the
technical idea of the present description is not limited
thereto. For example, some TFTs connected to the gate
electrode of the driving TFT DT among switching TFTs
(T1-T5) may be implemented by oxide TFTs of a NMOS
type having good off-current characteristics, and the remain-
ing TFTs may be implemented as LTPS TFTs of a PMOS
type having good response characteristics.

[0082] Hereinafter, the connection structure of one pixel
PXL arranged on an nth horizontal pixel line will be
described in detail.

[0083] The OLED is a device which emits light according
to the driving current input from the driving TFT DT. The
anode electrode of the OLED is connected to fourth node
N4, and the cathode electrode of the OLED is connected to
the input terminal of the low potential voltage EVSS. An
organic compound layer is provided between the anode
electrode and the cathode electrodes.

[0084] The driving TFT DT is a device which generates
the driving current flowing through the OLED according to
a first gate-source voltage within a first period. During a
second period during which the emission controlling TFT
ET is turned off, the driving TFT DT compensates for the
hysteresis phenomenon according to a second gate-source
voltage different from the first gate-source voltage. The
driving TFT DT includes a gate electrode connected to a
second node N2, a first electrode connected to a first node
N1, and a second electrode connected to a third node N3.

[0085] The emission controlling TFT ET is a device which
is connected between the third node N3 and a fourth node
N4 and switched according to an nth emission signal EM(n).
The emission controlling TFT ET controls the driving cur-
rent so that the OLED can be repeatedly turned on and off
with a constant emission duty ratio. The gate electrode of the
emission controlling TFT ET is connected to an nth second
gate line 155(n) to which an nth emission signal EM(n) is
applied, a first electrode of the emission controlling TFT ET
is connected to the third node N3 and a second electrode of
the emission controlling TFT ET is connected to the fourth
node N4.

[0086] The first switching TFT T1 is connected between
the data line 14 and the first node N1 and switched according
to an nth scan signal SC(n). The gate electrode of the first
switch T1 is connected to the nth first gate line 15a(n) to
which the nth scan signal SC(n) is applied, a first electrode
of the first switch T1 is connected to the data line 14 and a
second electrode of the first switch T1 is connected to the
first node N1.

[0087] The second switching TFT T2 is connected
between the high potential power line 17 and the first node
N1 and switched according to the nth emission signal
EM(n). The gate electrode of the second switching TFT T2
is connected to the nth second gate line 155(») to which the
nth emission signal EM(n) is applied, a first electrode of the
second switching TFT T2 is connected to the high potential
power line 17, and a second electrode of the second switch-
ing TFT T2 is connected to the first node N1.

[0088] The third switching TFT T3 is connected between
the second node N2 and the third node N3 and switched
according to the nth scan signal SC(n). The gate electrode of
the third switching TFT T3 is connected to the nth first gate
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line 15a(x) to which the nth scan signal SC(n) is applied, a
first electrode of the third switching TFT T3 is connected to
the third node N3, and a second electrode of the third
switching TFT T3 is connected to the second node N2.
[0089] The fourth switching TFT T4 is connected between
the second node N2 and the initializing power line 16, and
switched according to an (n—1)th scan signal SC(n-1). The
gate electrode of the fourth switching TFT T4 is connected
to an (n-1)th first gate line 15a(n-1) to which the (n-1)th
scan signal SC(n-1) is applied, a first electrode of the fourth
switching TFT T4 is connected to the second node N2, and
a second electrode of the fourth switching TFT T4 is
connected to the initializing power line 16.

[0090] The fifth switching TFT T5 is connected between
the fourth node N4 and the initializing power line 16, and
switched according to the nth scan signal SC(n). The gate
electrode of the fifth switching TFT T5 is connected to the
nth first gate line 15a(x) to which the nth scan signal SC(n)
is applied, a first electrode of the fifth switching TFT T35 is
connected to the fourth node N4, and a second electrode of
the fifth switching TFT TS5 is connected to the initializing
power line 16.

[0091] The storage capacitor Cst is connected between the
high potential power line 17 and the second node N2.
[0092] Meanwhile, the third and fourth switching TFTs T3
and T4 may be designed as a dual gate configuration in order
to suppress a leakage current occurring when turned off. In
the dual gate configuration, two gate electrodes are con-
nected to each other in order to have a same potential.
Because the channel length of the dual gate configuration
becomes longer than that of a single gate configuration, an
off resistance is increased and an off current is reduced,
which ensure the stability of operation.

[0093] FIG. 8 is a waveform diagram showing driving
signals input to the pixel of FIG. 7 and potential changes of
specific pixel nodes according to the driving signals. And,
FIGS. 9A to 9E show the operation states of the pixel during
the first initializing period, a first sampling period, an
emission period, a second initializing period and a second
sampling period of FIG. 8.

[0094] Referring to FIG. 8, a first frame period for driving
each pixel PXL disposed on an nth horizontal pixel line Ln
may comprise a first initializing period IP1, a first sampling
period SP1 following the first initializing period, an emis-
sion period EP following the first sampling period, a second
initializing period IP2 following the emission period, and a
second sampling period SP2 following the second initializ-
ing period. Here, the first initializing period IP1, the first
sampling period SP1 and the emission period EP may be
included in the first period described in the embodiments of
FIGS. 4 and 5 and claims, and the second initializing period
P2 and the second sampling period SP2 may be included in
the second period described in the embodiments of FIGS. 4
and 5 and claims.

[0095] Referring to FIG. 8, in the first initializing period
1P1, the (n-1)th scan signal SC(n-1) is input as an on level
ON, and the nth scan signal SC(n) and the nth emission
signal EM(n) are input as an off level OFF. The first
initializing period IP1 is for resetting the second node N2 by
the initializing voltage Vinit before the first sampling period
SP1.

[0096] Referring to FIG. 9A, during the first initializing
period IP1, the fourth switching TFT T4 is turned on
responding to the (n-1)th scan signal SC(n-1) of an on level
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ON. The initializing voltage Vinit is applied to the node N2
by the turn-on operation of the fourth switching TFT T4, so
that the gate potential of the drive TFT DT is reset to the
initializing voltage Vinit.

[0097] Referring to FIG. 9A, during the first initializing
period IP1, the first, third and fifth switching TFTs T1, T3
and T3 are turned off responding to the nth scan signal SC(n)
of an off level OFF, and the second switching TFT T2 and
the emission controlling TFT ET are turned off responding
to the nth emission signal EM(n) of an off level OFF.
[0098] Referring to FIG. 8, during the first sampling
period SP1, the nth scan signal SC(n) is input as the on level
ON and the (n-1)th scan signal SC(n-1) and the nth
emission signal EM(n) are input as the off level OFF. The
first sampling period SP1 is for sampling the threshold
voltage of the driving TFT DT.

[0099] Referring to FIG. 9B, during the first sampling
period SP1, the first, third and fifth switching TFTs T1, T3
and T5 are tumed on responding to the nth scan signal
SC(n). The potential of the first node N1 is changed into a
data voltage Vx due to the turning on of the first switching
TFT T1. The gate electrode and the second electrode of the
driving TFT DT are short-circuited by the turning on of the
third switching TFT T3, so the driving TFT DT is diode-
connected. If a current flows through the driving TFT DT
with being diode-connected, the threshold voltage of the
driving TFT DT is sampled and stored at the second node N2
and the third node N3. That is, the potential of the second
node N2 and the third node N3 becomes (Vx-Vth). The
gate-source voltage Vgs of the driving TFT DT is the voltage
between the first node N1 and the second node N2. So,
during the first sampling period SP1, the first gate-source
voltage of the driving TFT DT becomes the threshold
voltage of the driving TFT DT.

[0100] Referring to FIG. 9B, during the first sampling
period SP1, the potential of the fourth node N4 is reset to the
initializing voltage Vinit by the turning on of the fifth
switching TFT T5 so unnecessary emission of the OLED can
be prevented.

[0101] Referring to FIG. 9B, during the first sampling
period SP1, the fourth switching TFT T4 is turned off
responding to the (n-1)th scan signal SC(n-1) of the off
level OFF, and the second switching TFT T2 and the
emission controlling TFT ET maintain their turn-off states
responding to the nth emission signal EM(n) of the off level
OFF.

[0102] Referring to FIG. 8, during the emission period EP,
the (n-1)th scan signal SC(n-1) and the nth scan signal
SC(n) are input as the off level OFF, and the nth emission
signal EM(n) is input as the on level ON. The emission
period EP is for setting the first gate-source voltage of the
driving TFT DT corresponding to a driving current based on
a data voltage Vx. And the emission period EP is for emitting
the OLED according to the driving current flowing through
the driving TFT

[0103] DT.

[0104] Referring to FIG. 9C, during the emission period
EP, the second switching TFT T2 and the emission control-
ling TFT ET are turned on responding to the nth emission
signal EM(n) of the on level ON. During the emission period
EP, the potential of the first node N1 is changed from the
data voltage Vx to the high potential power voltage EVDD
by the turning on of the second switching TFT T2. During
the emission period EP, the potential of the second node N2
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maintains (Vx-Vth) which is stored in the first sampling
period SP1 by the storage capacitor Cst. So, during emission
period EP, the first gate-source voltage Vgs1 of the driving
TFT DT becomes (EVDD-Vx+Vth), and a driving current
corresponding thereto flows the driving TFT DT. This driv-
ing current is applied to the OLED via the emission con-
trolling TFT ET.

[0105] The driving current Ioled flowing to the OLED
during the emission period EP is expressed as a function
independent of the threshold voltage of the driving TFT DT
as shown in the following Equation 1.

loled = K(Vgs — |Vih)? [Equation 1]

= K(EVDD - {Vx — |Vih} — |ViH])*
= K(EVDD - Vx)

[0106] Here, K is a constant value determined by the
mobility, the channel ratio, parasitic capacity, etc. of the
driving TFT DT.

[0107] Referring to FIG. 9C, during the emission period
EP, the fourth switching TFT T4 maintains its turn-off state
in response to the (n-1)th scan signal SC(n-1) of the off
level OFF. And, during the emission period EP, the first,
third and fifth switching TFTs T1, T3 and T5 are turned off
in response to the nth scan signal SC(n) of the off level OFF.
[0108] Referring to FIG. 8, in the second initializing
period IP2, the (n-1)th scan signal SC(n-1) is input as the
on level ON, and the nth scan signal SC(n) and the nth
emission signal EM(n) are input as the off level OFF. The
second initializing period 1P2 is for resetting the second
node N2 to the initializing voltage Vinit prior to the second
sampling period SP2.

[0109] Referring to FIG. 9D, during the second initializing
period 1P2, the fourth switching TFT T4 is turned on in
response to the (n—1)th scan signal SC(n-1) of the on level
ON. The initializing voltage Vinit is applied to the second
node N2 by turning on the fourth switching TFT T4 and the
gate potential of the driving TFT DT is reset again to the
initializing voltage Vinit.

[0110] Referring to FIG. 9D, during the second initializing
period P2, the first, third and fifth switching TFTs T1, T3
and T5 are turned off in response to the nth scan signal SC(n)
of the off level OFF, and the second switching TFT T2 and
the emission controlling TFT ET are turned off in response
to the nth emission signal EM(n) of the off level OFF.
[0111] Referring to FIG. 8, in the second sampling period
SP2, the nth scan signal SC(n) is input as the on level ON,
and the (n-1)th scan signal SC(n-1) and the nth emission
signal EM(n) are input as the off level OFF. The second
sampling period SP2 is for setting the second gate-source
voltage Vgs2 of the driving TFT DT based on a data voltage
Vx and another data voltage Vy (which is the data voltage
applied to another pixel), in order to compensate for the
hysteresis phenomenon of the driving TFT DT.

[0112] Referring to FIG. 9E, during the second sampling
period SP2, the first, third and fifth switching TFTs T1, T3
and T5 are turned on in response to the nth scan signal SC(n)
of the on level ON. The potential of the first node N1 is
changed intro a data voltage Vy owing to the turning on of
the first switching TFT T1. And the gate electrode and the
second electrode of the driving TFT DT are short-circuited
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by the turning on of the third switching TFT T3, so the
driving TFT DT is diode-connected. If a current flows
through the driving TFT DT with being diode-connected, the
threshold voltage of the driving TFT DT is sampled and
stored at the second node N2 and the third node N3. That is,
the potential of the second node N2 and the third node N3
becomes (Vy-Vth). The gate-source voltage Vgs of the
driving TFT DT is the voltage between the first node N1 and
the second node N2. So, during the second sampling period
SP2, the first gate-source voltage of the driving TFT DT
gradually converges to the threshold voltage of the driving
TFT DT. This voltage is different from the first gate-source
voltage Vgs1 (EVDD-Vx+Vth) of the emission period EP
described above and contributes to lowering the level of the
hysteresis phenomenon of the driving TFT DT.

[0113] Referring to FIG. 9E, during the second sampling
SP2, the fourth switching TFT T4 is turned off in response
to the (n—1)th scan signal SC(n-1) of the off level OFF, and
the second switching TFT T2 and the emission controlling
TFT ET maintain their turn-off states in response to the nth
emission signal EM(n) of the off level OFF.

[0114] As described above, according to the electrolumi-
nescent display device of the present disclosure, during the
turning off period of an emission controlling element (e.g.,
an emission controlling TFT) within one frame, the on-
biased state of a driving element (e.g., a driving TFT) is
changed by applying, to a pixel, the data voltage input to
another pixel in the multi-scan driving method. Since the
time that the gate-source voltage of the driving element is
maintained within one frame is reduced, the electrolumines-
cent display device of the present disclosure may improve
the level of the hysteresis phenomenon of the driving
element and the DC afterimage included from the hysteresis
phenomenon, thereby raising a display quality.

[0115] Throughout the description, it should be under-
stood by those skilled in the art that various changes and
modifications are possible without departing from the tech-
nical principles of the present disclosure. Therefore, the
technical scope of the present disclosure is not limited to the
detailed descriptions in this specification but should be
defined by the scope of the appended claims.

[0116] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/
or listed in the Application Data Sheet are incorporated
herein by reference, in their entirety. Aspects of the embodi-
ments can be modified, if necessary to employ concepts of
the various patents, applications and publications to provide
yet further embodiments.

[0117] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.



US 2019/0147796 A1l

1. An electroluminescent display device, comprising:

a plurality of pixels,

wherein each of the plurality of pixels comprises:

a driving element for generating a driving current, the
driving element including a gate electrode and a
source electrode;

a light emitting element for emitting light according to
the driving current;

an emission controlling element for controlling a flow
of the driving current between the driving element
and the light emitting element by turning on or off
the emission controlling element; and

a switching circuit for setting a first gate-source voltage
of the driving element based on a first data voltage
during a first period and setting a second gate-source
voltage of the driving element based on a second
data voltage different from the first data voltage
during a second period following the first period, the
driving current being based on the gate-source volt-
age of the driving element,

wherein the second gate-source voltage is different
from the first gate-source voltage, and

wherein during the second period the emission control-
ling element is turned off.

2. The electroluminescent display device of claim 1,
wherein the second gate-source voltage is for changing the
on-biased state of the driving element, and

wherein the switching circuit sets the second gate-source
voltage a plurality of times based on a plurality of data
voltages including the second data voltage during the
second period.

3. The electroluminescent display device of claim 2,
wherein the driving element becomes a first on-biased state
by the first gate-source voltage and becomes a second
on-biased state by the second gate-source voltage, and the
first on-biased state and the second on-biased state are
different from each other.

4. The electroluminescent display device of claim 2,
wherein the second data voltage is applied to another pixel
during the second period, and a first gate-source voltage of
a driving element included in the another pixel is set
according to the second data voltage.

5. The electroluminescent display device of claim 4,
wherein during the emission controlling element is turned on
within the first period, the light emitting element emits light
by the driving current applied through the emission control-
ling element, and the first and second periods are included
in one frame.

6. The electroluminescent display device of claim 1,
further comprising:

a source driver for generating the first data voltage to
supply to a data line connected to the plurality of pixels
within the first period, and generating the second data
voltage to supply the data line within the second period;
and

a gate driver for generating a first pulse of a first scan
signal synchronized with the first data voltage to supply
to a first gate line connected to the plurality of pixels
within the first period, generating a second pulse of the
first scan signal synchronized with the second data
voltage to supply to the first gate line within the second
period, and generating a first pulse of a second scan
signal synchronized with the second data voltage to
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supply to a second gate line connected to the plurality
of pixels within the second period.

7. The electroluminescent display device of claim 1,
wherein the gate electrode, a first electrode and a second
electrode of the driving element are respectively connected
to a second node, a first node and a third node,

wherein the emission controlling element is connected

between the third node and a fourth node,

wherein the light emitting element is connected between

the fourth node and an input terminal of a low potential
power voltage, and

wherein the switching circuit is connected to the data line

through which the first and second data voltages are
supplied, a first power line through which an initializ-
ing voltage is supplied, and a second power line
through which a high potential power voltage is sup-
plied.

8. The electroluminescent display device of claim 7,
wherein the switching circuit comprises:

a first switching element connected between the first node

and the data line;

a second switching element connected between the first

node and the second power line;

a third switching element connected to the second node

and the third node;

a fourth switching element connected to the second node

and the first power line;

a fifth switching element connected to the fourth node and

the first power line; and

a storage capacitor connected between the second power

line and the second node.

9. The electroluminescent display device of claim 8,
wherein the fourth switching element is switched according
to an (n-1)th scan signal,

wherein the first, third and fifth switching elements are

switched according to an nth scan signal, the nth scan
signal being later than the (n-1) the scan signal in their
phases of an on period,

wherein the emission controlling element and the second

switching element are switched according to an nth
emission signal,

wherein the (n-1)th scan signal and the nth scan signal are

respectively input as an on level in the first period and
the second period sequentially, and

wherein the nth emission signal is input as an off level in

the first and second periods and is input as the on level
in a third period between the first period and the second
period.
10. A method of driving an electroluminescent display
device equipped with a plurality of pixels, each of the
plurality of pixels comprising a driving element for gener-
ating a driving current, wherein the driving element includ-
ing a gate electrode and a source electrode, a light emitting
element for emitting light according to the driving current
and an emission controlling element for controlling a flow of
the driving current between the driving element and the light
emitting element, the method comprising:
setting a first gate-source voltage of the driving element
based on a first data voltage during a first period; and

setting a second gate-source voltage of the driving ele-
ment based on a second data voltage different from the
first data voltage during a second period following the
first period,
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wherein the second gate-source voltage is different from

the first gate-source voltage, and

wherein during the second period the emission controlling

element is turned off.

11. The method of claim 10, further comprising

changing the second gate-source voltage for the on-biased

state of the driving element to compensate a hysteresis
phenomenon of the driving element, and

wherein the setting the second gate-source voltage of the

driving element includes setting the second gate-source
voltage a plurality of times based on a plurality of data
voltages including the second data voltage during the
second period.

12. The method of claim 11, wherein the driving element
becomes a first on-biased state by the first gate-source
voltage and becomes a second on-biased state by the second
gate-source voltage, and the first on-biased state and the
second on-biased state are different from each other.

13. The method of claim 12, further comprising

applying the second data voltage to another pixel during

the second period, and

setting the first gate-source voltage of the driving element

included in the another pixel according to the second
data voltage.
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14. The method of claim 13, wherein during the emission
controlling element is turned on within the first period,

emitting light at the light emitting element by the driving
current applied through the emission controlling ele-
ment,

wherein the first and second periods are included in one
frame.

15. The method of claim 10, further comprising:

generating the first data voltage to supply to a data line
connected to the plurality of pixels within the first
period, and generating the second data voltage to
supply the data line within the second period;

generating a first pulse of a first scan signal synchronized
with the first data voltage to supply to a first gate line
connected to the plurality of pixels within the first
period; and

generating a second pulse of the first scan signal synchro-
nized with the second data voltage to supply to the first
gate line within the second period, and generating a first
pulse of a second scan signal synchronized with the
second data voltage to supply to a second gate line
connected to the plurality of pixels within the second
period.
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