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7) ABSTRACT

An organic light emitting display and a method of sensing
deterioration of the same are discussed. The organic light
emitting display includes a display panel including a plu-
rality of display lines, each of the display lines in which a
plurality of pixels are arranged, each of the pixels including
alight emitting element and a driving element, a panel driver
configured to supply a gate signal and a data voltage
synchronized with the gate signal to the pixels of the display
lines, a sensing unit configured to sense driving character-
istics of the pixels, and a timing controller configured to
control operation timings of the panel driver and the sensing
unit, and overlappingly shift a sensing driving sequence for
at least some display lines in accordance with a line sequen-
tial manner.
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ORGANIC LIGHT EMITTING DISPLAY AND
METHOD OF SENSING DETERIORATION
OF THE SAME

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2017-0095414 filed on
Jul. 27, 2017 in the Republic of Korea, the entire disclosure
of which are hereby incorporated by reference herein for all
purposes.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present disclosure relates to an organic light
emitting display, and more particularly, to an organic light
emitting display and a method of sensing deterioration of an
organic light emitting diode (OLED) of the display.

Discussion of the Related Art

[0003] An active matrix organic light emitting diode dis-
play includes organic light emitting diodes (OLEDs) capable
of emitting light by themselves and has many advantages,
such as a fast response time, a high emission efficiency, a
high luminance, a wide viewing angle, and the like.
[0004] In the general OLED display, an OLED serving as
a self-emitting element includes an anode electrode, a cath-
ode electrode, and an organic compound layer (HIL, HTL,
EML, ETL, EIL) between the anode electrode and the
cathode electrode. The organic compound layer includes 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 power voltage is
applied to the anode electrode and the cathode electrode,
holes passing through the hole transport layer HTL and
electrons passing through the electron transport layer ETL
move to the emission layer EML and form excitons. As a
result, the emission layer EML generates visible light.
[0005] The OLED display includes pixels, each including
an OLED, that are arranged in a matrix form and adjusts a
luminance of the pixels based on a grayscale of video data.
Each pixel includes a driving thin film transistor (TFT)
controlling a pixel current flowing in the OLED based on a
voltage (Vgs) between a gate electrode and a source elec-
trode of the driving TFT. Each pixel adjusts the display
grayscale (luminance) by an amount of emitted light of the
OLED which is proportional to the pixel current.

[0006] The OLED has deterioration characteristics in that
an operating point voltage (threshold voltage) of the OLED
shifts and the emission efficiency decreases as the emission
time elapses. The operating point voltage of the OLED can
vary from pixel to pixel depending on the degree of the
OLED deterioration. When the OLED deterioration devia-
tion occurs between the pixels, an image sticking phenom-
enon can occur due to a luminance deviation.

[0007] In order to compensate for the image quality deg-
radation due to the luminance variations, a compensation
technique for sensing the OLED deterioration and modulat-
ing digital image data based on the sensed value is known.
In conventional compensation techniques, the OLED dete-
rioration sensing operation is performed independently for
each color. For example, when first to fourth color pixels
exist in a display panel, after sensing the first color pixels for
all display lines of the display panel, the second color pixels
are sensed for all the display lines, and subsequently, after
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sensing the third color pixels for all the display lines, the
fourth color pixels are sensed for all the display lines. Here,
the display line means an aggregate of the first to fourth
color pixels arranged next to each other along one line.

[0008] Generally, the operating point voltage of the OLED
is sensed in a screen idle state, i.e., a state of that system
power is applied but a screen is off. Since the operating point
voltage of the OLED is sensed after emitting the OLED, the
display line at which the operating point voltage of the
OLED is sensed must be visible to a user’s eyes. In order to
minimize these side effects, it is important to reduce a
sensing time. However, since the number of the display lines
increases as a display device gradually becomes large-area
and high-resolution, it is difficult to reduce the sensing time.

SUMMARY OF THE INVENTION

[0009] Accordingly, an object of the present disclosure is
to provide an organic light emitting display and a method of
sensing deterioration of the same that can reduce a sensing
time in sensing deterioration of an OLED.

[0010] In one aspect, there is provided an organic light
emitting display including a display panel including a plu-
rality of display lines, each of the display lines in which a
plurality of pixels are arranged, each of the pixels including
alight emitting element and a driving element, a panel driver
configured to supply a gate signal and a data voltage
synchronized with the gate signal to the pixels of the display
lines, a sensing unit configured to sense driving character-
istics of the pixels, and a timing controller configured to
control operation timings of the panel driver and the sensing
unit, and overlappingly shift a sensing driving sequence for
at least some display lines in accordance with a line sequen-
tial manner.

[0011] The sensing driving sequence can include an ini-
tialization period for setting a pixel current flowing in the
driving element, a boosting period for storing an operating
point voltage of the light emitting element depending on the
pixel current in a parasitic capacitor of the light emitting
element after the initialization period, and a sampling period
for sampling the operating point voltage of the light emitting
element after the boosting period.

[0012] The display panel can include a first display block
and a second display block that are continuously driven for
sensing. Each of the first display block and the second
display block can have K (K is a natural number of 2 or
more) display lines sequentially driven for sensing in accor-
dance with the sensing driving sequence. Initialization peri-
ods of second to Kth display lines which are driven for
sensing can be sequentially shifted within a boosting period
of a first display line which is driven for sensing.

[0013] A sampling period of the Kth display line which is
driven for sensing in the first display block and an initial-
ization period of the first display line which is driven for
sensing in the second display block can be non-overlapped.
[0014] The panel driver can sequentially supply a data
voltage for on-driving for setting the pixel current to pixels
of the display lines belonging to the first display block
during a first period, and sequentially supply a data voltage
for off-driving for blocking the pixel current to the pixels of
the display lines belonging to the first display block during
a second period after the first period. Initialization periods of
the display lines belonging to the first display block can be
included in the first period, and sampling periods of the
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display lines belonging to the first display block can be
included in the second period.

[0015] The panel driver can sequentially supply a first gate
pulse synchronized with the data voltage for on-driving to
the pixels of the display lines belonging to the first display
block during the first period, and sequentially supply a
second gate pulse synchronized with the data voltage for
off-driving to the pixels of the display lines belonging to the
first display block during the second period after the first
period.

[0016] The panel driver can sequentially supply a data
voltage for on-driving to pixels of the display lines belong-
ing to the second display block during a third period, and
sequentially supply a data voltage for off-driving to the
pixels of the display lines belonging to the second display
block during a fourth period after the third period. Initial-
ization periods of the display lines belonging to the second
display block can be included in the third period, and
sampling periods of the display lines belonging to the
second display block can be included in the fourth period.

[0017] The panel driver can sequentially supply a first gate
pulse synchronized with the data voltage for on-driving to
the pixels of the display lines belonging to the second
display block during the third period, and sequentially
supply a second gate pulse synchronized with the data
voltage for off-driving to the pixels of the display lines
belonging to the second display block during the fourth
period after the third period.

[0018] The timing controller can overlappingly shift the
sensing driving sequence for all the display lines in accor-
dance with the line sequential manner.

[0019] An initialization period of each of the display lines
to be driven for sensing in a subsequent order can be set to
be within a boosting period of each of the display lines to be
driven for sensing in an immediately previous order.

[0020] The panel driver can sequentially supply a data
voltage for on-driving for setting the pixel current to pixels
of the display lines during the initialization period of each of
the display lines, and sequentially supply a data voltage for
off-driving for blocking the pixel current to the pixels of the
display lines during the sampling period of each of the
display lines.

[0021] The panel driver can sequentially supply a first gate
pulse synchronized with the data voltage for on-driving to
the pixels of the display lines during the initialization period
of each of the display lines, and sequentially supply a second
gate pulse synchronized with the data voltage for off-driving
to the pixels of the display lines during the sampling period
of each of the display lines.

[0022] In another aspect, there is provided a method of
sensing deterioration of an organic light emitting display
including a display panel including a plurality of display
lines, each of the display lines in which a plurality of pixels
are arranged, each of the pixels including a light emitting
element and a driving element, where the method includes
a panel driving step of supplying a gate signal and a data
voltage synchronized with the gate signal to the pixels of the
display lines, sensing driving characteristics of the pixels,
and controlling operation timings of the panel driving step
and the sensing, and overlappingly shifting a sensing driving
sequence for at least some display lines in accordance with
a line sequential manner.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0024] FIG. 1 is a block diagram illustrating an organic
light emitting display according to an embodiment of the
present disclosure;

[0025] FIG. 2 is a view showing an example of connection
of a sensing line and a sub-pixel of FIG. 1;

[0026] FIG. 3 is a view showing an example of the
configuration of a pixel array and a data driver IC in an
organic light emitting display according to an embodiment
of the present disclosure;

[0027] FIG. 4 is a diagram illustrating an example of the
configuration of a pixel and a sensing unit in an organic light
emitting display according to the present disclosure;
[0028] FIGS. 5 and 6 are views for explaining an example
of the operation of the pixel and the sensing unit of FIG. 4
when deterioration of a light emitting element is sensed,
[0029] FIG. 7is a diagram for explaining a sensing driving
sequence of an organic light emitting display according to a
comparative example of the present disclosure;

[0030] FIGS. 8 to 10 are views for explaining a sensing
driving sequence of an organic light emitting display accord-
ing to an embodiment of the present disclosure; and
[0031] FIGS. 11 and 12 are views for explaining a sensing
driving sequence of an organic light emitting display accord-
ing to another embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0032] Advantages and features of the present disclosure
and methods for accomplishing the same will become appar-
ent with reference to embodiments described in detail below
with reference to the accompanying drawings. However, the
present disclosure is not limited to the embodiments dis-
closed below, and can be implemented in various forms.
These embodiments are provided so that the present disclo-
sure will be exhaustively and completely described, and will
fully convey the scope of the present disclosure to those
skilled in the art to which the present disclosure pertains.
The present disclosure is defined by the scope of the claims.
[0033] Shapes, sizes, ratios, angles, number, and the like
illustrated in the drawings for describing embodiments of
the present disclosure are merely exemplary, and the present
disclosure is not limited thereto. Like reference numerals
designate like elements throughout the description. In the
following description, when a detailed description of well-
known functions or configurations related to this document
is determined to unnecessarily cloud a gist of the invention,
the detailed description thereof will be omitted. In the
present disclosure, when the terms “include”, “have”, “com-
prised of”, etc. are used, other components can be added
unless “~ only” is used. A singular expression can include a
plural expression as long as it does not have an apparently
different meaning in context.

[0034] In the explanation of components, even if there is
no separate description, it is interpreted as including an error
range.
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[0035] 1In the description of position relationship, when a
structure is described as being positioned “on or above”,
“under or below”, “next to” another structure, this descrip-
tion should be construed as including a case in which the
structures contact each other as well as a case in which a
third structure is disposed therebetween.

[0036] The terms “first”, “second”, etc. can be used to
describe various components, but the components are not
limited by such terms. These terms are only used to distin-
guish one component from another component.

[0037] The features of various embodiments of the present
disclosure can be partially combined or entirely combined
with each other, and is technically capable of various inter-
locking and driving. The embodiments can be independently
implemented, or can be implemented in conjunction with
each other.

[0038] Hereinafter, various embodiments of the invention
will be described in detail with reference to the accompa-
nying drawings.

[0039] FIG. 1 is a block diagram illustrating an organic
light emitting display according to an embodiment of the
present disclosure. FIG. 2 is a view showing an example of
connection of a sensing line and a pixel of FIG. 1. FIG. 3 is
a view showing an example of the configuration of a pixel
array and a data driver IC of FIG. 1. All the components of
the organic light emitting display according to all embodi-
ments of the present disclosure are operatively coupled and
configured.

[0040] Referring to FIGS. 1 to 3, the organic light emitting
display according to an embodiment of the present disclo-
sure includes a display panel 10, a timing controller 11, a
data driving circuit 12, a gate driver 13, a memory 16, a
compensation unit 20, and a sensing unit SU.

[0041] Inthe display panel 10, a plurality of data lines 14A
and sensing lines 14B intersect with a plurality of gate lines
15. Pixels P are arranged in a matrix form for each of the
intersection areas.

[0042] Two or more pixels P connected to different data
lines 14 A can share the same gate line and the same sensing
line. For example, as shown in FIG. 2, an R pixel for red
display, a W pixel for white display, a G pixel for green
display, and a B pixel for blue display, which are connected
to the same gate line and are adjacent to each other in the
horizontal direction, can be commonly connected to one
sensing line 14B. A sensing line sharing structure in which
the sensing line 14B is allocated to each of a plurality of
pixel columns facilitates securing an aperture ratio of the
display panel 10. Under the sensing line structure, the
sensing lines 14B can be arranged one by one for each of the
plurality of data lines 14A. In the figure, the sensing line 14B
is shown as being parallel to the data line 14A, but can also
be disposed to intersect with the data line 14A.

[0043] The R pixel, the W pixel, the G pixel, and the B
pixel can constitute one unit pixel as shown in FIG. 2.
However, the unit pixel can be composed of the R pixel, the
G pixel, and the B pixel.

[0044] Each of the pixels P is supplied with a high level
driving voltage EVDD and a low level driving voltage
EVSS from a power supply generator. The pixel P of the
present disclosure can have a circuit structure suitable for
sensing deterioration of a light emitting element due to
environmental conditions such as a lapse of driving time
and/or a panel temperature. A circuit configuration of the
pixel P can be variously modified. For example, the pixel P
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can include a plurality of switching elements and at least one
storage capacitor in addition to the light emitting element
and a driving element.

[0045] The timing controller 11 can separate a time for
sensing driving from a time for display driving in accor-
dance with a predetermined control sequence. Here, the
driving for sensing is a driving for sensing an operating point
voltage of the light emitting element and updating a com-
pensation value accordingly, and the display driving is a
driving for reproducing an image by writing an input image
data DATA reflecting the compensation value on the display
panel 10. By control of the timing controller 11, the driving
for sensing can be performed in a booting period before the
driving for display is started, or in a power-off period after
the display driving is finished. The booting period refers to
a period from a time when system power is on to a time
when a display screen is turned on. The power-off period
refers to a period from a time when the display screen is
turned off to a time when the system power is off.

[0046] On the other hand, the driving for sensing can be
performed in a state where only the screen of the display
device is turned off while the system power is being applied,
for example, in a standby mode, a sleep mode, a low power
mode, and the like. The timing controller 11 can detect the
standby mode, the sleep mode, the low power mode, and the
like in accordance with a predetermined sensing process,
and control all operations for the driving for sensing.
[0047] The timing controller 11 can generate a data control
signal DDC for controlling an operation timing of the data
driving circuit 12 and a gate control signal GDC for con-
trolling an operation timing of the gate driver 13 based on
timing signals such as a vertical synchronization signal
Vsyne, a horizontal synchronization signal Hsync, a dot
clock signal DCLK, and a data enable signal DE input from
a host system. The timing controller 11 can differently
generate control signals DDC and GDC for the display
driving and control signals DDC and GDC for the driving
for sensing.

[0048] The gate control signal GDC includes a gate start
pulse, a gate shift clock, and the like. The gate start pulse is
applied to a gate stage that produces a first output to control
the gate stage. The gate shift clock is a clock signal com-
monly input to the gate stages, and is a clock signal for
shifting the gate start pulse.

[0049] The data control signal DDC includes a source start
pulse, a source sampling clock, and a source output enable
signal, and the like. The source start pulse controls a data
sampling start timing of the data driving circuit 12. The
source sampling clock is a clock signal that controls a
sampling timing of data based on a rising or falling edge.
The source output enable signal controls an output timing of
the data driving circuit 12.

[0050] The timing controller 11 can incorporate the com-
pensation unit 20, or the compensating unit 20 can be
provided separately or as part of another element of the
display device.

[0051] The compensation unit 20 receives sensing data SD
of the operating point voltage of the light emitting element
from the sensing unit SU during the driving for sensing. The
compensation unit 20 calculates a compensation value that
can compensate for a luminance deviation due to deteriora-
tion (for example, shift of the operating point voltage) of the
light emitting element based on the sensing data SD and
stores the compensation value in the memory 16. The
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compensation value stored in the memory 16 can be updated
each time sensing operation is repeated, and thus a charac-
teristic deviation of the light emitting element can be easily
compensated.

[0052] The compensator 20 corrects the input image data
DATA based on the compensation value read from the
memory 16 during the display driving and supplies the data
to the data driving circuit 12.

[0053] The data driving circuit 12 includes at least one
data driver integrated circuit (IC) SDIC. The data driver IC
SDIC includes a plurality of data drivers connected to each
of the data lines 14A. The data driver is implemented as
digital-to-analog converters DAC. The data driver DAC
constitutes a panel driver together with the gate driver 13.

[0054] The data driver DAC converts the input image data
DATA into a data voltage for display depending on the data
timing control signal DDC applied from the timing control-
ler 11 during the display driving and supplies it to the data
lines 14A. On the other hand, the data driver DAC of the
data driver IC SDIC can generate a data voltage for sensing
depending on the data timing control signal DDC applied
from the timing controller 11 during the driving for sensing
and supply it to the data lines 14A.

[0055] The data voltage for sensing includes a data voltage
for on-driving (Von in FIG. 6) and a data voltage for
off-driving (Voff in FIG. 6). The data voltage for on-driving
is a voltage (i.e., a voltage for setting a pixel current) which
is applied to a gate electrode of the driving element to turn
on the driving element, and the data voltage for off-driving
is a voltage (i.e., a voltage for blocking the pixel current)
which is applied to the gate electrode of the driving element
to turn off the driving element.

[0056] The data voltage for on-driving is applied to a
sensing pixel to be sensed in one unit pixel, and the data
voltage for off-driving is applied to non-sensing pixels
sharing the sensing line 14B together with the sensing pixel
in one unit pixel. For example, in FIG. 2, when R pixels are
sensed and W, G, and B pixels are not sensed, the data
voltage for on-driving can be applied to the driving element
of the R pixel, and the data voltage for off-driving can be
applied to the driving element of each of the W, G, and B
pixels.

[0057] On the other hand, not only the data voltage for
on-driving but also the data voltage for off-driving are
applied to the sensing pixel. The data voltage for on-driving
can be supplied during a period of setting the pixel current
in the sensing pixel, and the data voltage for off-driving can
be supplied during a period of sampling the operating point
voltage of the light emitting element in the sensing pixel.

[0058] A plurality of sensing units SU can be mounted on
the data driver IC SDIC.

[0059] Each of the sensing units SU can be connected to
the sensing line 14B and can be selectively connected to an
analog-to-digital converter ADC through mux switches SS1
to SSk. Each of the sensing units SU can be implemented as
a current-to-voltage converter, such as a current integrator or
a current comparator. Since each of the sensing units SU is
implemented as a current sensing type, it is suitable for low
current sensing and high-speed sensing. In other words,
when each of the sensing units SU is configured as the
current sensing type, it is advantageous to reduce sensing
time and increase sensing sensitivity. The ADC can convert
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a sensing voltage input from each of the sensing units SU
into the sensing data SD and output it to the compensation
unit 20.

[0060] The gate driver 13 can generate a gate signal for
sensing based on the gate control signal GDC during the
driving for sensing and sequentially supply the gate signal
for sensing to the gate lines 15(7) to 15(i+3). The gate signal
for sensing is a scan signal for sensing synchronized with the
data voltage for sensing. Display lines Li to Li+3 are
sequentially driven for sensing by the gate signal for sensing
and the data voltage for sensing. Here, each of the display
lines Li to Li+3 means a group of R, W, G, and B pixels
arranged adjacent to each other along one line. The gate
signal for sensing can include a first pulse (P1 in FIG. 6)
synchronized with the data voltage for on-driving and a
second pulse (P2 in FIG. 6) synchronized with the data
voltage for off-driving.

[0061] The gate driver 13 can generate a gate signal for
display based on the gate control signal GDC during the
driving for display and sequentially supply the gate signal
for display to the gate lines 15 (i) to 15 (i+3). The gate signal
for display is a scan signal for display synchronized with the
data voltage for display. The display lines Li to Li+3 are
sequentially driven for display by the gate signal for display
and the data voltage for display.

[0062] In the present disclosure, a sensing driving
sequence for sensing the operating point voltage of the light
emitting element can be independently performed for each
of R, W, G, and B pixels. For example, in the sensing driving
sequence of the present disclosure, after sensing R pixels in
a line sequential manner, then W pixels can be sensed in the
line sequential manner, then G pixels can be sensed in the
line sequential manner, then B pixels can be sensed in the
line sequential manner for all display lines of the display
panel 10.

[0063] The timing controller 11 of the present disclosure
appropriately controls the operation timings of the panel
driver and the sensing unit SU, and overlappingly shifts the
sensing driving sequence for at least some display lines in
accordance with in the line sequential manner, so that the
time required for sensing can be reduced.

[0064] The timing controller 11 of the present disclosure
appropriately controls supply timings of the data voltage for
on-driving and the data voltage for off-driving, so that an
overlapping driving method for each block can be imple-
mented, and a line-by-line overlapping driving method can
be implemented. The overlapping driving method for each
block will be described later with reference to FIG. § to FIG.
10. The line-by-line overlapping driving method will be
described later with reference to FIG. 11 to FIG. 12.
[0065] FIG. 4 is a diagram illustrating an example of the
configuration of a pixel and a sensing unit in a display device
according to the present disclosure. For example, the pixel
and the sensing unit of FIG. 4 can be the pixel and sending
unit in the display of FIG. 1 or in any other suitable display
device. It is to be noted that the technical idea of the present
disclosure is not limited to exemplary structures of the pixel
P and the sensing unit SU since FIG. 4 is only an example.
[0066] Referring to FIG. 4, each pixel P can include an
OLED, a driving thin film transistor (TFT) DT, a storage
capacitor Cst, a first switching TFT ST1, and a second
switching TFT ST2. The TFTs constituting the pixel P can
be implemented as a p-type, an n-type, or a hybrid type in
which the p-type and the n-type are mixed. In addition, a
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semiconductor layer of the TFTs constituting the pixel P can
include amorphous silicon, polysilicon, or an oxide.
[0067] The OLED is a light emitting element that emits
light in response to a pixel current. The OLED includes an
anode electrode connected to a second node N2, a cathode
electrode connected to an input terminal of a low level
driving voltage EVSS, and an organic compound layer
positioned between the anode electrode and the cathode
electrode. A parasitic capacitor Coled exists in the OLED by
the anode electrode, the cathode electrode, and a plurality of
insulating layers existing therebetween. A capacitance of the
parasitic capacitor Coled of the OLED is a few pF, which is
very small compared to a parasitic capacitance of a sensing
line 14B, which is several hundred to several thousand pF.
The present disclosure senses deterioration of the OLED
through a current sensing manner using the parasitic capaci-
tor Coled of the OLED. Therefore, compared with a con-
ventional voltage sensing method of sensing a voltage
charged in the sensing line 14B, the present disclosure can
reduce sensing time and improve sensing accuracy. In other
words, since the present disclosure senses charges (corre-
sponding to an operating point voltage of the OLED)
accumulated in the parasitic capacitor Coled of the OLED
through current sensing, it is advantageous for low current
sensing and high-speed sensing.

[0068] The driving TFT DT is a driving element for
controlling the pixel current input to the OLED depending
on a gate-source voltage Vgs. The driving TFT DT includes
a gate electrode connected to a first node N1, a drain
electrode connected to an input terminal of a high level
driving voltage EVDD, and a source electrode connected to
the second node N2. The storage capacitor Cst is connected
between the first node N1 and the second node N2. The first
switching TFT ST1 applies a data voltage Vdata on a data
line 14A to the first node N1 in response to a gate signal for
sensing SCAN. The data voltage Vdata is a data voltage for
sensing, which includes a data voltage for on-driving and a
data voltage for off-driving. The first switching TFT ST1
includes a gate electrode connected to a gate line 15, a drain
electrode connected to the data line 14A, and a source
electrode connected to the first node N1. The second switch-
ing TFT ST2 switches a current flow between the second
node N2 and the sensing line 14B in response to the gate
signal for sensing SCAN. The second switching TFT ST2
includes a gate electrode connected to the gate line 15, a
drain electrode connected to the sensing line 14B, and a
source electrode connected to the second node N2.

[0069] The sensing unit SU is connected to the pixel P
through the sensing line 14B. The sensing unit SU can
include a current integrator CI and a sample & hold unit SH.
[0070] The current integrator CI integrates current infor-
mation Ipix input from the pixel P and outputs a sensing
voltage Vsen. The current information Ipix is a current
corresponding to an amount of charge accumulated in the
parasitic capacitor Coled of the OLED, and it increases in
proportion to the operating point voltage of the OLED. The
current integrator CI for outputting the sensing voltage Vsen
through an output terminal includes an amplifier AMP, an
integral capacitor Cfb connected between an inverting input
terminal (-) and an output terminal of the amplifier AMP,
and a reset switch RST connected to both ends of the integral
capacitor Cfb. The inverting input terminal (=) of the
amplifier AMP applies the initialization voltage Vpre to the
second node N2 through the sensing line 14B, and receives
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the charge charged in the parasitic capacitor of the OLED
Coled of the pixel P through the sensing line 14B. The
initialization voltage Vpre is input to a non-inverting input
terminal (+) of the amplifier AMP.

[0071] The current integrator CI is connected to an ADC
through the sample & hold unit SH. The sample & hold unit
SH includes a sampling switch SAM for sampling the
sensing voltage Vsen output from the amplifier AMP and
storing the sampled voltage Vsen in a sampling capacitor Cs
and a holding switch HOLD for transmitting the sensing
voltage Vsen stored in the sampling capacitor Cs to the
ADC.

[0072] FIGS. 5 and 6 are views for explaining an example
of the operation of the pixel and the sensing unit of FIG. 4
when deterioration of an OLED is sensed.

[0073] Referring to FIGS. 5 and 6, the sensing driving
sequence of the present disclosure can be performed in order
of an initialization period Ta, a boosting period Tb, and a
sampling period Te.

[0074] In the initialization period Ta, due to turn-on of the
reset switch RST, the current integrator CI operates as a unit
gain buffer having a gain of 1, so that the input terminals (+,
-), the output terminal of the amplifier AMP, and the sensing
line 14B are all initialized to the initialization Vpre.
[0075] In the initialization period Ta, a data voltage for
on-driving Von is applied to a data line 14A. A gate signal
for sensing SCAN is applied as a first gate pulse P1 of
on-level in synchronization with the data voltage for on-
driving Von to turn on a first switching TFT ST1 and a
second switching TFT ST2. In the initialization period Ta,
the first switching TFT ST1 is turned on to apply the data
voltage for on-driving Von on the data line 14A to a first
node N1. The second switching TFT ST2 is turned on to
apply the initialization voltage Vpre on the sensing line 14B
to a second node N2. As a result, a gate-source voltage of a
driving TFT DT is set so as to allow a pixel current to flow.
[0076] In the boosting period Th, the first switching TFT
ST1 and the second switching TFT ST2 are turned off in
response to the gate signal for sensing SCAN of off-level. At
this time, a potential of the second node N2, that is, an anode
potential of an OLED, is boosted up to an operating point
voltage of the OLED by the pixel current flowing between
a source and a drain of the driving TFT DT and then is
saturated at a boosting level. When the anode potential of the
OLED is raised to the operating point voltage, the pixel
current flows through the OLED and the OLED emits light.
At this time, a parasitic capacitor Coled of the OLED is
charged with an amount of charge corresponding to the
operating point voltage of the OLED. The operating point
voltage of the OLED increases in proportion to deterioration
of the OLED. Therefore, the amount of charge charged in the
parasitic capacitor Coled of the OLED also increases in
proportion to the deterioration (Q=Coled*Vanode). On the
other hand, in the boosting period Tb, the current integrator
CI continues to operate as the unit gain buffer, so that a
sensing voltage Vsen is output as the initialization voltage
Vpre in the boosting period Th.

[0077] In the sampling period Tc, the first switching TFT
ST1 and the second switching TFT ST2 are turned on in
response to a second pulse P2 of a gate signal for sensing
SCAN having on-level and the reset switch RST is turned
off. At this time, a data voltage for off-driving Voff is applied
to the data line 14A in synchronization with the second pulse
P2 of'the gate signal for sensing SCAN. The driving TFT DT



US 2019/0035335 Al

is turned off depending on the data voltage for off-driving
Voff applied through the first switching TFT ST1. Thus, the
pixel current applied to the OLED is cut off. In the sampling
period Tc, the pixel current is cut off and the charge charged
in the parasitic capacitor Coled of the OLED is sensed. The
charge charged in the parasitic capacitor Coled of the OLED
moves to the integral capacitor Cfb of the current integrator
CI in the sampling period Tc. As a result, the potential of the
second node N2 drops from a boosting level to the initial-
ization voltage Vpre. In the sampling period Tc, a potential
difference between the both ends of the integral capacitor
Cfb is increased by the charge flowing into the inverting
input terminal (-) of the amplifier AMP as sensing time
elapses, that is, an accumulated amount of charge increases.
Since the inverting input terminal (=) and the non-inverting
input terminal (+) are short-circuited through a virtual
ground and the potential difference between them is zero, a
potential of the inverting input terminal (-) is maintained at
the initialization voltage Vpre irrespective of an increase in
the potential difference of the integral capacitor Cfb in the
sampling period Tc. Instead, an output terminal potential of
the amplifier AMP is lowered corresponding to the potential
difference across the integral capacitor Cfb. With this prin-
ciple, in the sampling period Tc, the charge flowing through
the sensing line 14B is changed to the sensing voltage Vsen
which is an integral value through the integral capacitor Cfb
and the sensing voltage Vsen can be output as a value lower
than the initialization voltage Vpre. This is due to input/
output characteristics of the current integrator CI. The
greater the potential difference between the boosting level
and the initialization voltages Vpre, for example, the higher
the operating point voltage of the OLED, the greater poten-
tial differences AV1 and AV2 between the initialization
voltage Vpre and the sensing voltage Vsen. In FIG. 6, dotted
lines are operating waveforms of a pixel having a relatively
high operating point voltage of the OLED, and solid lines
are operating waveforms of a pixel having a relatively low
operating point voltage of the OLED.

[0078] The sensing voltage Vsen is stored in the sampling
capacitor Cs through the sampling switch SAM. When the
holding switch HOLD is turned on, the sensing voltage Vsen
stored in the sampling capacitor Cs is input to the ADC
through the holding switch HOLD. The sensing voltage
Vsen is converted into sensing data SD by the ADC and then
output to the compensation unit 20.

[0079] In accordance with the sensing driving sequence,
pixels of the same color arranged on each display line can be
sensed in the line sequential manner.

[0080] FIG.7isa diagram for explaining a sensing driving
sequence of an organic light emitting display according to a
comparative example of the present disclosure.

[0081] Referring to FIG. 7, the sensing driving sequence
of the organic light emitting display according to a com-
parative example of the present disclosure non-overlap-
pingly shifts the sensing driving sequence of FIG. 6 for
display lines Li to Li+4 in accordance with the line sequen-
tial manner.

[0082] In other words, after the sensing driving sequence
of FIG. 7 completes sensing for first color pixels arranged on
the display line Li, it starts sensing for first color pixels
arranged on the display line Li+1. Subsequently, after the
sensing driving sequence completes sensing for the first
color pixels arranged on the display line Li+l, it starts
sensing for first color pixels arranged on the display line
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Li+2. In this way, the sensing driving sequence of FIG. 7
completes sensing for first color pixels arranged on the last
display line of the display panel. Second to fourth color
pixels are also sensed in the same manner as the first color
pixel.

[0083] In accordance with such a non-overlapping sensing
driving sequence, time required for sensing is long. For
example, as shown in FIG. 7, when the time required for
sensing specific color pixels for one display line is 600 s,
the time required for sensing specific color pixels for the five
display lines Li to Li+4 is 3,000 ps.

[0084] FIGS. 8 to 10 are views for explaining a sensing
driving sequence of an organic light emitting display accord-
ing to an embodiment of the present disclosure.

[0085] Referring to FIGS. 8 to 10, the sensing driving
sequence of the organic light emitting display according to
an embodiment of the present disclosure proposes an over-
lapping driving method for each block in order to reduce
time required for sensing.

[0086] Assuming a first display block and a second display
block that are continuously driven for sensing as shown in
FIG. 8, each of the first and second display blocks can have
five display lines (Li to Li+4, Li+5 to Li+9) sequentially
driven for sensing in accordance with the sensing driving
sequence. At this time, in the overlapping driving method for
each block of the present disclosure, initialization periods Ta
of second to last display lines (Li+1 to Li+4, or Li+6 to Li+9)
which are driven for sensing are sequentially shifted within
aboosting period Tb of a first display line (Li or Li+5) which
is driven for sensing for each of the first and second display
blocks.

[0087] In accordance with the overlapping driving method
for each block, the time required for sensing specific color
pixels for each display block (i.e., the time required for
sensing the five display lines) is 800 ps, and the sensing time
is reduced to %30 compared with the non-overlapping sensing
driving sequence of FIG. 7.

[0088] However, in the case of the overlapping driving
method for each block, the non-overlapping sensing driving
sequence is performed between neighboring blocks. In other
words, a sampling period Tc of the last display line Li+4
which is driven for sensing in the first display block and an
initialization period Ta of the first display line Li+5 which is
driven for sensing in the second display block are designed
to be non-overlapped.

[0089] This is because a data voltage for on-driving Von,
a data voltage for off-driving Voff, a first gate pulse P1, and
a second gate pulse P2 must be applied in accordance with
the sensing driving sequence of each of the first and second
display blocks.

[0090] To this end, a panel driver (i.e., a data driver) of the
present disclosure, as shown in FIGS. 9A and 10, can
sequentially supply the data voltage for on-driving Von for
setting a pixel current to pixels of the display lines Li to Li+4
belonging to the first display block during a first period
PEDI1, and can sequentially supply the data voltage for
off-driving Voff for blocking the pixel current to the pixels
of the display lines Li to Li+4 belonging to the first display
block during a second period PED2 after the first period
PEDI1. Here, the first period PED1 is a period in which the
initialization periods Ta of the display lines Li to Li+4
belonging to the first display block are included. The second
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period PED2 is a period in which the sampling periods Tc of
the display lines Li to Li+4 belonging to the first display
block are included.

[0091] At this time, a panel driver (i.e., a gate driver) of
the present disclosure, as shown in FIGS. 9A and 10, can
sequentially supply the first gate pulse P1 synchronized with
the data voltage for on-driving Von to the pixels of the
display lines Li to Li+4 belonging to the first display block
during the first period PED1, and can sequentially supply the
second gate pulse P2 synchronized with the data voltage for
off-driving Voff to the pixels of the display lines Li to Li+4
belonging to the first display block during the second period
PED2.

[0092] Accordingly, first to fifth sensing voltages Vi to
Vi+4 are output from a sensing unit for the pixels of the
display lines Li to Li+4 belonging to the first display block.
[0093] The panel driver (i.e., the data driver) of the present
disclosure, as shown in FIGS. 9B and 10, can sequentially
supply the data voltage for on-driving Von for setting a pixel
current to pixels of the display lines Li+5 to Li+9 belonging
to the second display block during a third period PED3, and
can sequentially supply the data voltage for off-driving Voff
for blocking the pixel current to the pixels of the display
lines Li+5 to Li+9 belonging to the second display block
during a fourth period PED4 after the third period PED3.
Here, the third period PED3 is a period in which the
initialization periods Ta of the display lines Li+5 to Li+9
belonging to the second display block are included. The
fourth period PED4 is a period in which the sampling
periods Tc of the display lines Li+5 to Li+9 belonging to the
second display block are included.

[0094] At this time, the panel driver (i.e., the gate driver)
of the present disclosure, as shown in FIGS. 9B and 10, can
sequentially supply the first gate pulse P1 synchronized with
the data voltage for on-driving Von to the pixels of the
display lines Li+5 to Li+9 belonging to the second display
block during the third period PED3, and can sequentially
supply the second gate pulse P2 synchronized with the data
voltage for off-driving Voff to the pixels of the display lines
Li+5 to Li+9 belonging to the second display block during
the fourth period PEDA4. In FIGS. 9A-12, the panel drivers
can be the panel drivers of the display in FIG. 1 or in other
suitable display devices.

[0095] Accordingly, sixth to tenth sensing voltages Vi+5
to Vi+9 are output from the sensing unit for the pixels of the
display lines Li+5 to Li+9 belonging to the second display
block.

[0096] Meanwhile, in accordance with the sensing driving
sequence of an organic light emitting display according to an
embodiment of the present disclosure, a surplus period such
as a period indicated by oblique lines and a period indicated
by dots is generated in FIG. 10. Since the data voltage for
off-driving Voff is applied during the period indicated by
oblique lines in FIG. 10, the period indicated by oblique
lines cannot be utilized as the initialization periods Ta of a
subsequent display block. Also, since the data voltage for
on-driving Von is applied during the period indicated by dots
in FIG. 10, the period indicated by dots cannot be utilized as
the sampling periods Tc of the preceding display block. It is
necessary to reduce the surplus period as described above in
order to further reduce the time required for sensing.
[0097] FIGS. 11 and 12 are views for explaining a sensing
driving sequence of an organic light emitting display accord-
ing to another embodiment of the present disclosure.
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[0098] FIGS. 11 and 12 show an embodiment in which the
above-mentioned surplus period can be eliminated or mini-
mized. Referring to FIGS. 11 and 12, the sensing driving
sequence of the organic light emitting display according to
another embodiment of the present disclosure proposes a
line-by-line overlapping driving method to further reduce
time required for sensing. In order to implement the line-
by-line overlapping driving method, the timing controller of
the present disclosure overlappingly shifts the sensing driv-
ing sequence for all the display lines in accordance with the
line sequential manner.

[0099] In accordance with the line-by-line sensing driving
sequence, as shown in FIGS. 11 and 12, an initialization
period Ta of each of the display lines to be driven for sensing
in a subsequent order is set to be within a boosting period Tb
of each of the display lines to be driven for sensing in an
immediately previous order. In accordance with this line-
by-line overlapping driving method, as shown in FIG. 12,
since there are no surplus periods, the time required for
sensing specific color pixels for each display block is further
reduced.

[0100] However, in order to implement the line-by-line
sensing driving sequence, application timings of a data
voltage for on-driving Von and a data voltage for off-driving
Voff must be appropriately matched. As a precondition, the
data voltage for on-driving Von must be applied for setting
a pixel current during an initialization period Ta of each of
the display lines Li to Li+3, and the data voltage for
off-driving Voff must be applied for blocking the pixel
current during a boosting period Tb of each of the display
lines Li to Li+3.

[0101] To this end, a panel driver (i.e., a data driver) of the
present disclosure, as shown in FIG. 11, can sequentially
supply the data voltage for on-driving Von for setting a pixel
current to pixels of the display lines Li to Li+3 during the
initialization period Ta of each of the display lines Li to
Li+3, and can sequentially supply the data voltage for
off-driving Voff for blocking the pixel current to the pixels
of the display lines Li to Li+3 during a sampling period Tc
of each of the display lines Li to Li+3.

[0102] Alternating cycle of the data voltage for on-driving
Von and the data voltage for off-driving Voff in FIG. 12 is
shorter than that in FIG. 10.

[0103] At this time, a panel driver (i.e., a gate driver) of
the present disclosure, as shown in FIG. 11, can sequentially
supply a first gate pulse P1 synchronized with the data
voltage for on-driving Von to the pixels of the display lines
Li to Li+3 during the initialization period Ta of each of the
display lines Li to Li+3, and can sequentially supply a
second gate pulse P2 synchronized with the data voltage for
off-driving Voff to the pixels of the display lines Li to Li+3
during the sampling period Tc of each of the display lines Li
to Li+3.

[0104] Accordingly, first to fourth sensing voltages Vi to
Vi+3 are output from a sensing unit for the pixels of the
display lines Li to Li+3. In this way, the pixels of the
remaining display lines are also sensed.

[0105] As described above, the display of the present
disclosure overlappingly shifts the sensing driving sequence
for at least some display lines in accordance with the line
sequential manner, so that the time required for sensing can
be reduced. Accordingly, the present disclosure reduces the
sensing time in sensing deterioration of the OLED, thereby
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minimizing side effects such as sensing line visibility, so that
the performance of the display device can be enhanced.
[0106] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addi-
tion to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled in the art.

What is claimed is:

1. An organic light emitting display comprising:

a display panel including a plurality of display lines, each
of the display lines in which a plurality of pixels are
arranged, each of the pixels including a light emitting
element and a driving element;

apanel driver configured to supply a gate signal and a data
voltage synchronized with the gate signal to the pixels
of the display lines;

a sensing unit configured to sense driving characteristics
of the pixels; and

a timing controller configured to control operation timings
of the panel driver and the sensing unit, and overlap-
pingly shift a sensing driving sequence for at least some
display lines among the plurality of display lines in
accordance with a line sequential manner.

2. The organic light emitting display of claim 1, wherein

the sensing driving sequence includes:

an initialization period for setting a pixel current flowing
in the driving element;

a boosting period for storing an operating point voltage of
the light emitting element depending on the pixel
current in a parasitic capacitor of the light emitting
element after the initialization period; and

a sampling period for sampling the operating point volt-
age of the light emitting element after the boosting
period.

3. The organic light emitting display of claim 2, wherein
the display panel includes a first display block and a second
display block that are continuously driven for sensing,

wherein each of the first display block and the second
display block has K display lines sequentially driven
for sensing in accordance with the sensing driving
sequence, where K is a natural number of 2 or more,
and

wherein initialization periods of second to Kth display
lines which are driven for sensing are sequentially
shifted within a boosting period of a first display line
which is driven for sensing.

4. The organic light emitting display of claim 3, wherein

a sampling period of the Kth display line which is driven for
sensing in the first display block and an initialization period
of the first display line which is driven for sensing in the
second display block are non-overlapped.

5. The organic light emitting display of claim 4, wherein
the panel driver sequentially supplies a data voltage for
on-driving for setting the pixel current to pixels of the
display lines belonging to the first display block during a
first period,
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wherein the panel driver sequentially supplies a data
voltage for off-driving for blocking the pixel current to
the pixels of the display lines belonging to the first
display block during a second period after the first
period,

wherein initialization periods of the display lines belong-

ing to the first display block are included in the first
period, and

wherein sampling periods of the display lines belonging

to the first display block are included in the second
period.

6. The organic light emitting display of claim 5, wherein
the panel driver sequentially supplies a first gate pulse
synchronized with the data voltage for on-driving to the
pixels of the display lines belonging to the first display block
during the first period, and

wherein the panel driver sequentially supplies a second

gate pulse synchronized with the data voltage for
off-driving to the pixels of the display lines belonging
to the first display block during the second period after
the first period.

7. The organic light emitting display of claim 6, wherein
the panel driver sequentially supplies a data voltage for
on-driving to pixels of the display lines belonging to the
second display block during a third period,

wherein the panel driver sequentially supplies a data

voltage for off-driving to the pixels of the display lines
belonging to the second display block during a fourth
period after the third period,

wherein initialization periods of the display lines belong-

ing to the second display block are included in the third
period, and

wherein sampling periods of the display lines belonging

to the second display block are included in the fourth
period.

8. The organic light emitting display of claim 7, wherein
the panel driver sequentially supplies a first gate pulse
synchronized with the data voltage for on-driving to the
pixels of the display lines belonging to the second display
block during the third period, and

wherein the panel driver sequentially supplies a second

gate pulse synchronized with the data voltage for
off-driving to the pixels of the display lines belonging
to the second display block during the fourth period
after the third period.

9. The organic light emitting display of claim 2, wherein
the timing controller overlappingly shifts the sensing driving
sequence for all the display lines in accordance with the line
sequential manner.

10. The organic light emitting display of claim 9, wherein
an initialization period of each of the display lines to be
driven for sensing in a subsequent order is set to be within
a boosting period of each of the display lines to be driven for
sensing in an immediately previous order.

11. The organic light emitting display of claim 10,
wherein the panel driver sequentially supplies a data voltage
for on-driving for setting the pixel current to pixels of the
display lines during the initialization period of each of the
display lines, and

wherein the panel driver sequentially supplies a data

voltage for off-driving for blocking the pixel current to
the pixels of the display lines during the sampling
period of each of the display lines.
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12. The organic light emitting display of claim 11,
wherein the panel driver sequentially supplies a first gate
pulse synchronized with the data voltage for on-driving to
the pixels of the display lines during the initialization period
of each of the display lines, and

wherein the panel driver sequentially supplies a second
gate pulse synchronized with the data voltage for
off-driving to the pixels of the display lines during the
sampling period of each of the display lines.

13. A method of sensing deterioration of an organic light
emitting display including a display panel including a plu-
rality of display lines, each of the display lines in which a
plurality of pixels are arranged, each of the pixels including
a light emitting element and a driving element, the method
comptrising:

a panel driving step of supplying a gate signal and a data
voltage synchronized with the gate signal to the pixels
of the display lines;

sensing driving characteristics of the pixels; and

controlling operation timings of the panel driving step and
the sensing, and overlappingly shifting a sensing driv-
ing sequence for at least some display lines among the
plurality of display lines in accordance with a line
sequential manner.

14. The method of claim 13, wherein the sensing driving

sequence includes:

an initialization period for setting a pixel current flowing
in the driving element;

a boosting period for storing an operating point voltage of
the light emitting element depending on the pixel
current in a parasitic capacitor of the light emitting
element after the initialization period; and

a sampling period for sampling the operating point volt-
age of the light emitting element after the boosting
period.

15. The method of claim 14, wherein the display panel
includes a first display block and a second display block that
are continuously driven for sensing, each of the first display
block and the second display block has K display lines
sequentially driven for sensing in accordance with the
sensing driving sequence, where K is a natural number of 2
or more, and

wherein the overlappingly shifting the sensing driving
sequence for the at least some display lines includes
sequentially shifting initialization periods of second to
Kth display lines which are driven for sensing within a
boosting period of a first display line which is driven
for sensing.

16. The method of claim 15, wherein the overlappingly
shifting the sensing driving sequence for the at least some
display lines further includes:

non-overlapping a sampling period of the Kth display line
which is driven for sensing in the first display block and
an initialization period of the first display line which is
driven for sensing in the second display block.

17. The method of claim 16, wherein the panel driving

step includes:

sequentially supplying a data voltage for on-driving for
setting the pixel current to pixels of the display lines
belonging to the first display block during a first period;
and

sequentially supplying a data voltage for off-driving for
blocking the pixel current to the pixels of the display
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lines belonging to the first display block during a
second period after the first period,

wherein initialization periods of the display lines belong-

ing to the first display block are included in the first
period, and

wherein sampling periods of the display lines belonging

to the first display block are included in the second
period.

18. The method of claim 17, wherein the panel driving
step further includes:

sequentially supplying a first gate pulse synchronized

with the data voltage for on-driving to the pixels of the
display lines belonging to the first display block during
the first period; and

sequentially supplying a second gate pulse synchronized

with the data voltage for off-driving to the pixels of the
display lines belonging to the first display block during
the second period after the first period.

19. The method of claim 18, wherein the panel driving
step includes:

sequentially supplying a data voltage for on-driving to

pixels of the display lines belonging to the second
display block during a third period; and

sequentially supplying a data voltage for off-driving to the

pixels of the display lines belonging to the second
display block during a fourth period after the third
period,

wherein initialization periods of the display lines belong-

ing to the second display block are included in the third
period, and

wherein sampling periods of the display lines belonging

to the second display block are included in the fourth
period.

20. The method of claim 19, wherein the panel driving
step further includes:

sequentially supplying a first gate pulse synchronized

with the data voltage for on-driving to the pixels of the
display lines belonging to the second display block
during the third period; and

sequentially supplying a second gate pulse synchronized

with the data voltage for off-driving to the pixels of the
display lines belonging to the second display block
during the fourth period after the third period.

21. The method of claim 14, wherein the overlappingly
shifting the sensing driving sequence for the at least some
display lines includes:

overlappingly shifting the sensing driving sequence for all

the display lines in accordance with the line sequential
manner.

22. The method of claim 21, wherein the overlappingly
shifting the sensing driving sequence for all the display lines
includes:

setting an initialization period of each of the display lines

to be driven for sensing in a subsequent order to be
within a boosting period of each of the display lines to
be driven for sensing in an immediately previous order.

23. The method of claim 22, wherein the panel driving
step includes:

sequentially supplying a data voltage for on-driving for

setting the pixel current to pixels of the display lines
during the initialization period of each of the display
lines; and
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sequentially supplying a data voltage for off-driving for
blocking the pixel current to the pixels of the display
lines during the sampling period of each of the display
lines.

24. The method of claim 23, wherein the panel driving

step further includes:

sequentially supplying a first gate pulse synchronized
with the data voltage for on-driving to the pixels of the
display lines during the initialization period of each of
the display lines; and

sequentially supplying a second gate pulse synchronized
with the data voltage for off-driving to the pixels of the
display lines during the sampling period of each of the
display lines.
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