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(57) ABSTRACT

A method of driving a display panel includes adjusting a
level of a data sustaining voltage or an on bias voltage
during an on bias compensating period, applying the on bias
voltage to pixels through data lines during an on bias period,
which is subsequent to the on bias compensating period, to
adjust a voltage level of control electrodes of driving tran-
sistors of the pixels, initiating a voltage of anode electrodes
of organic light emitting elements of the pixels during an
initiating period, applying data voltages to the pixels
through the data lines during a scanning period, and turning
on the organic light emitting elements of the pixels during an
emission period.
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METHOD OF DRIVING A DISPLAY PANEL
AND A DISPLAY APPARATUS FOR
PERFORMING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2016-0002745,
filed on Jan. 8, 2016 in the Korean Intellectual Property
Office (KIPO), the disclosure of which is incorporated by
reference herein in its entirety.

TECHNICAL FIELD

[0002] Exemplary embodiments of the inventive concept
relate to a method of driving a display panel and a display
apparatus for performing the method, and more particularly,
a method of driving a display panel with simultaneous
emission and a display apparatus for performing the method.

DISCUSSION OF RELATED ART

[0003] As the size of a display panel of an organic light
emitting diode display apparatus increases, a width of a
signal transmitting line at a panel lead-in portion may
decrease.

[0004] Accordingly, a resistance of the signal transmitting
line may increase and a peak current flowing through the
signal transmitting line may increase. When a high peak
current flows through the signal transmitting line, the signal
transmitting line may be damaged.

SUMMARY

[0005] According to an exemplary embodiment of the
inventive concept, a method of driving a display panel
includes adjusting a level of a data sustaining voltage or an
on bias voltage during an on bias compensating period,
applying the on bias voltage to pixels through data lines
during an on bias period, which is subsequent to the on bias
compensating period, to adjust a voltage level of control
electrodes of driving transistors of the pixels, initiating a
voltage of anode electrodes of organic light emitting ele-
ments of the pixels during an initiating period, applying data
voltages to the pixels through the data lines during a
scanning period, and turning on the organic light emitting
elements of the pixels during an emission period.

[0006] The data sustaining voltage may have at least two
different levels.
[0007] During the on bias compensating period, the data

sustaining voltage may decrease from a first data sustaining
voltage level to a second data sustaining voltage level that is
less than the first data sustaining voltage level.

[0008] The data sustaining voltage may have at least three
different levels. The data sustaining voltage may decrease in
a steplike fashion during the on bias compensating period.
[0009] The level of the data sustaining voltage may be
determined by a duty ratio of a sustaining voltage control
signal.

[0010] The on bias voltage may have at least two different
levels.
[0011] During the on bias compensating period, the on

bias voltage may increase from a first on bias voltage level
to a second on bias voltage level that is greater than the first
on bias voltage level.
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[0012] The on bias voltage having the first on bias voltage
level may be transmitted to the data lines through a first on
bias switching element. The on bias voltage having the
second on bias voltage level may be transmitted to the data
lines through a second on bias switching element.

[0013] During the on bias period, an output of a data driver
may have a high impedance state, switching elements of the
pixels may be turned on, a first power voltage may have a
high level, and a second power voltage may have a high
level.

[0014] During the initiating period, the output of the data
driver may have the high impedance state, the switching
elements of the pixels may be turned on, the first power
voltage may have a low level, and the second power voltage
may have a high level.

[0015] The method may further include decreasing an on
bias control signal from a high level to a low level to output
the on bias voltage.

[0016] According to an exemplary embodiment of the
inventive concept, a display apparatus includes a display
panel, a gate driver, a data driver, an on bias driver, a first
power controller, and a second power controller. The display
panel includes a plurality of pixels. The gate driver applies
gate signals to the plurality of pixels through gate lines. The
data driver applies data voltages to the plurality of pixels
through data lines. The on bias driver applies an on bias
voltage to the plurality of pixels through the data lines
during an on bias period to adjust a voltage level of control
electrodes of driving transistors of the pixels. The first power
controller applies a first power voltage to the plurality of
pixels. The second power controller applies a second power
voltage to the plurality of pixels. During an on bias com-
pensating period, which is prior to the on bias period, a level
of a data sustaining voltage of the data driver or the on bias
voltage of the on bias driver may be adjusted.

[0017] The data driver may be further configured to output
the data sustaining voltage having at least two different
levels.

[0018] The on bias driver may include on bias switching
element configured to output the on bias voltage to the data
lines in response to an on bias control signal.

[0019] The on bias driver may be further configured to
output the on bias voltage having at least two different
levels.

[0020] The on bias driver may include a first on bias
switching element configured to output the on bias voltage
having a first on bias voltage level to the data lines in
response to an on bias control signal and a second on bias
switching element configured to output the on bias voltage
having a second on bias voltage level, which is greater than
the first on bias voltage level, to the data lines in response
to a compensating on bias control signal.

[0021] At least one of the plurality of pixels may include
a switching transistor configured to turn on in response to
one of the gate signals, a compensating transistor configured
to turn on in response to a compensating control signal, a
driving transistor configured to turn on in response to a
signal at a first electrode of the compensating transistor, and
an organic light emitting element connected to the driving
transistor.

[0022] The on bias driver may be one on bias driver
commonly connected to all of the data lines.

[0023] According to an exemplary embodiment of the
inventive concept, in a method of driving a display panel
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including a plurality of pixels connected to data lines,
divided into a first group and a second group, the method
includes applying an on bias voltage to pixels of the first
group through data lines of the first group with a first timing
in an on bias period to adjust a voltage level of control
electrodes of driving transistors of the pixels of the first
group, applying the on bias voltage to pixels of the second
group through data lines of the second group with a second
timing in the on bias period to adjust a voltage level of
control electrodes of driving transistors of the pixels of the
second group, initiating a voltage of anode electrodes of
organic light emitting elements of the pixels of the first and
second groups during an initiating period, applying data
voltages to the pixels of the first and second groups through
the data lines during a scanning period, and turning on the
organic light emitting elements of the pixels of the first and
second groups during an emission period.

[0024] Data driving chips configured to generate the data
voltages may have different timings for applying the on bias
voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The above and other features of the inventive
concept will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings.

[0026] FIG. 1 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept.

[0027] FIG. 2 is a plan view illustrating the display
apparatus of FIG. 1 according to an exemplary embodiment
of the inventive concept.

[0028] FIG. 3 is a circuit diagram illustrating an on bias
driver of FIG. 1 and a display panel of FIG. 1 according to
an exemplary embodiment of the inventive concept.
[0029] FIG. 4 is a timing diagram illustrating input and
output signals of the on bias driver of FIG. 1 and a pixel of
the display panel of FIG. 1 according to an exemplary
embodiment of the inventive concept.

[0030] FIG. 5A is a waveform diagram illustrating a peak
current of an on bias voltage applying portion when a data
sustaining voltage of a data driver of FIG. 1 is not adjusted.
[0031] FIG. 5B is a waveform diagram illustrating the
peak current of the on bias voltage applying portion when
the data sustaining voltage of the data driver of FIG. 1 is
adjusted.

[0032] FIG. 6 is a timing diagram illustrating input and
output signals of the on bias driver of FIG. 1 and the pixel
of the display panel of FIG. 1 according to an exemplary
embodiment of the inventive concept.

[0033] FIGS. 7A and 7B are timing diagrams illustrating
input and output signals of the on bias driver of FIG. 1 and
the pixel of the display panel of FIG. 1 according to an
exemplary embodiment of the inventive concept.

[0034] FIG. 8 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept.

[0035] FIG. 9 is a circuit diagram illustrating an on bias
driver of FIG. 8 and a display panel of FIG. 8 according to
an exemplary embodiment of the inventive concept.
[0036] FIG. 10 is a timing diagram illustrating input and
output signals of the on bias driver of FIG. 8 and a pixel of
the display panel of FIG. 8 according to an exemplary
embodiment of the inventive concept.
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[0037] FIG. 11A is a waveform diagram illustrating a peak
current of an on bias voltage applying portion when an on
bias voltage of the on bias driver of FIG. 8 is not adjusted.
[0038] FIG. 11B is a waveform diagram illustrating the
peak current of the on bias voltage applying portion when
the on bias voltage of the on bias driver of FIG. 8 is adjusted.
[0039] FIG. 12 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept.

[0040] FIG. 13A is a circuit diagram illustrating a first on
bias driver of FIG. 12 and a pixel connected to the first on
bias driver of FIG. 12 according to an exemplary embodi-
ment of the inventive concept.

[0041] FIG. 13B is a circuit diagram illustrating a second
on bias driver of FIG. 12 and a pixel connected to the second
on bias driver of FIG. 12 according to an exemplary embodi-
ment of the inventive concept.

[0042] FIG. 14 is a timing diagram illustrating input and
output signals of the first and second on bias drivers of FIG.
12 and pixels of the display panel of FIG. 12 according to
an exemplary embodiment of the inventive concept.
[0043] FIG. 15A is a waveform diagram illustrating a peak
current of an on bias voltage applying portion when a
display apparatus includes only an on bias driver.

[0044] FIG. 15B is a waveform diagram illustrating the
peak current of the on bias voltage applying portion when
the display apparatus includes the first and second on bias
drivers of FIG. 12.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0045] Exemplary embodiments of the inventive concept
will be described more fully hereinafter with reference to the
accompanying drawings. Like reference numerals may refer
to like elements throughout the accompanying drawings.
[0046] Exemplary embodiments of the inventive concept
provide a method of driving a display panel that is capable
of preventing a signal transmitting line from being damaged
during an on bias period of a simultaneous emission driving
method.

[0047] Exemplary embodiments of the inventive concept
also provide a display apparatus for performing the above-
mentioned method.

[0048] FIG. 1 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept.

[0049] Referring to FIG. 1, the display apparatus includes
a display panel 100 and a display panel driver. The display
panel driver includes a timing controller 200, a gate driver
300, a gamma reference voltage generator 400, a data driver
500, an on bias driver 600, a compensating driver 700, a first
power controller 800, and a second power controller 900.
[0050] The display panel 100 has a display region on
which an image is displayed and a peripheral region adjacent
to the display region.

[0051] The display panel 100 includes a plurality of gate
lines, a plurality of data lines, and a plurality of pixels
connected to the gate lines and the data lines. The gate lines
extend in a first direction and the data lines extend in a
second direction crossing the first direction.

[0052] Each of the plurality of pixels includes a switching
transistor, a compensating transistor, a driving transistor, and
an organic light emitting element. The plurality of pixels
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may be disposed in a matrix form. The structure of each of
the plurality of pixels will be explained below with reference
to FIG. 3.

[0053] The timing controller 200 receives input image
data RGB and an input control signal CONT from an
external apparatus. The input image data may include red
image data R, green image data G, and blue image data B.
The input control signal CONT may include a master clock
signal and a data enable signal. The input control signal
CONT may further include a vertical synchronizing signal
and a horizontal synchronizing signal.

[0054] The timing controller 200 generates a first control
signal CONT1, a second control signal CONT2, a third
control signal CONT3, a fourth control signal CONT4, a
fifth control signal CONTS5, a sixth control signal CONTS6,
a seventh control signal CONT7, and a data signal DATA
using the input image data RGB and the input control signal
CONT.

[0055] The timing controller 200 generates the first control
signal CONT1 for controlling an operation of the gate driver
300 using the input control signal CONT, and outputs the
first control signal CONT1 to the gate driver 300. The first
control signal CONT1 may include a vertical start signal and
a gate clock signal.

[0056] The timing controller 200 generates the second
control signal CONT2 for controlling an operation of the
data driver 500 using the input control signal CONT, and
outputs the second control signal CONT?2 to the data driver
500. The second control signal CONT2 may include a
horizontal start signal and a load signal.

[0057] The timing controller 200 generates the data signal
DATA using the input image data RGB. The timing con-
troller 200 outputs the data signal DATA to the data driver
500.

[0058] The timing controller 200 generates the third con-
trol signal CONT3 for controlling an operation of the
gamma reference voltage generator 400 using the input
control signal CONT, and outputs the third control signal
CONTS3 to the gamma reference voltage generator 400.
[0059] The timing controller 200 generates the fourth
control signal CONT4 for controlling an operation of the on
bias driver 600 using the input control signal CONT, and
outputs the fourth control signal CONT4 to the on bias
driver 600. The fourth control signal CONT4 may include an
on bias control signal for controlling a timing of on bias
driving.

[0060] The timing controller 200 generates the fifth con-
trol signal CONTS for controlling an operation of the
compensating driver 700 using the input control signal
CONT, and outputs the fifth control signal CONTS to the
compensating driver 700.

[0061] The timing controller 200 generates the sixth con-
trol signal CONTG6 for controlling an operation of the first
power controller 800 using the input control signal CONT,
and outputs the sixth control signal CONT6 to the first
power controller 800.

[0062] The timing controller 200 generates the seventh
control signal CONT7 for controlling an operation of the
second power controller 900 using the input control signal
CONT, and outputs the seventh control signal CONT7 to the
second power controller 900.

[0063] The gate driver 300 generates gate signals GS for
driving the gate lines in response to the first control signal
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CONT1 received from the timing controller 200. The gate
driver 300 sequentially outputs the gate signals GS to the
gate lines.

[0064] The gate driver 300 may be directly mounted on
the display panel 100, or may be connected to the display
panel 100 as a tape carrier package (TCP) type. Alterna-
tively, the gate driver 300 may be integrated into the display
panel 100.

[0065] The gamma reference voltage generator 400 gen-
erates a gamma reference voltage VGREF in response to the
third control signal CONT3 received from the timing con-
troller 200. The gamma reference voltage generator 400
provides the gamma reference voltage VGREF to the data
driver 500. The gamma reference voltage VGREF has a
value corresponding to a level of the data signal DATA.
[0066] In an exemplary embodiment of the inventive
concept, the gamma reference voltage generator 400 may be
disposed in the timing controller 200 or in the data driver
500.

[0067] The data driver 500 receives the second control
signal CONT2 and the data signal DATA from the timing
controller 200, and receives the gamma reference voltages
VGREF from the gamma reference voltage generator 400.
The data driver 500 converts the data signal DATA into data
voltages VD, which have an analog type, using the gamma
reference voltage VGREF. The data driver 500 outputs the
data voltages VD to the data lines.

[0068] In addition, the data driver 500 generates a data
sustaining voltage, and outputs the data sustaining voltage to
the data lines. In the present exemplary embodiment, the
data sustaining voltage may have at least two different
levels. For example, the data sustaining voltage may have a
first data sustaining voltage level VS1 and a second data
sustaining voltage level VS2 that is different from the first
data sustaining voltage level VSI1.

[0069] The output of the data driver 500 may have a high
impedance state HiZ, which will be described in detail
below.

[0070] The data driver 500 may be directly mounted on
the display panel 100, or connected to the display panel 100
as a TCP type. Alternatively, the data driver 500 may be
integrated into the display panel 100.

[0071] The on bias driver 600 applies an on bias voltage
VOB to the pixels through the data lines in response to the
on bias control signal of the fourth control signal CONT4.
An operation and structure of the on bias driver 600 are
explained below with reference to FIGS. 3 and 4.

[0072] The compensating driver 700 outputs a compen-
sating control signal GC to turn on the compensating tran-
sistors of the pixels in response to the fifth control signal
CONTS.

[0073] The first power controller 800 adjusts a first power
voltage ELVDD to a high level or a low level in response to
the sixth control signal CONTS. The first power controller
800 outputs the first power voltage ELVDD to the pixels.
[0074] The second power controller 900 adjusts a second
power voltage ELVSS to a high level or a low level in
response to the seventh control signal CONT7. The second
power controller 900 outputs the second power voltage
ELVSS to the pixels.

[0075] FIG. 2 is a plan view illustrating the display
apparatus of FI1G. 1 according to an exemplary embodiment
of the inventive concept.
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[0076] Referring to FIGS. 1 and 2, the display apparatus
includes the display panel 100 and the display panel driver.
The display panel driver may include a printed circuit board
PCB, a flexible printed circuit board FM connecting the
printed circuit board PCB and the display panel 100, and a
driving chip CP disposed on the flexible printed circuit board
M.

[0077] For example, the display panel driver may include
a plurality of the flexible printed circuit boards FM. As such,
the display panel driver may include a plurality of the
driving chips CP. One driving chip CP may be disposed on
one flexible printed circuit board FM. The driving chip CP
may be a driving chip of the gate driver 300 or a driving chip
of the data driver 500.

[0078] FIG. 3 is a circuit diagram illustrating the on bias
driver 600 of FIG. 1 and the display panel 100 of FIG. 1
according to an exemplary embodiment of the inventive
concept. FIG. 4 is a timing diagram illustrating input and
output signals of the on bias driver 600 of FIG. 1 and a pixel
of the display panel 100 of FIG. 1 according to an exemplary
embodiment of the inventive concept. FIG. 5A is a wave-
form diagram illustrating a peak current of an on bias
voltage applying portion when a data sustaining voltage of
the data driver 500 of FIG. 1 is not adjusted. FIG. 5B is a
waveform diagram illustrating the peak current of the on
bias voltage applying portion when the data sustaining
voltage of the data driver 500 of FIG. 1 is adjusted.
[0079] The timing diagram of FIG. 4 includes an on bias
compensating period T1, an on bias period T2, an initiating
period T3, a compensating period T4, a scanning period T5,
and an emission period T6. These periods will be described
in more detail below.

[0080] Referring to FIGS. 1 to 5B, the pixel P of the
display panel 100 includes a switching transistor TRS which
is turned on in response to the gate signal GS (e.g., an Nth
gate signal GS [N] for driving an Nth gate line), a compen-
sating transistor TRC which is turned on in response to the
compensating control signal GC, a driving transistor TRD
which is turned on in response to a signal of a first electrode
of the compensating transistor TRC, and an organic light
emitting element OLED.

[0081] The pixel P may further include a storage capacitor
CST for storing the data voltage VD and a compensating
capacitor CVTH for storing a threshold voltage compensat-
ing voltage.

[0082] The switching transistor TRS includes a control
electrode to which the gate signal GS is applied, a first
electrode connected to a data line DL (among the plurality
of data lines in the display panel 100), and a second
electrode connected to a first node NA.

[0083] The storage capacitor CST includes a first electrode
to which the first power voltage ELVDD is applied and a
second electrode connected to the first node NA.

[0084] The compensating capacitor CVTH includes a first
electrode connected to the first node NA and a second
electrode connected to a second node NB.

[0085] The compensating transistor TRC includes a con-
trol electrode to which the compensating control signal GC
is applied, a first electrode connected to the second node NB,
and a second electrode connected to a third node NC.
[0086] The driving transistor TRD includes a control
electrode connected to the second node NB, a first electrode
to which the first power voltage ELVDD is applied, and a
second electrode connected to the third node NC.
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[0087] The organic light emitting element OLED includes
an anode electrode connected to the third node NC and a
cathode electrode to which the second power voltage ELVSS
is applied.

[0088] The dataline DL is connected to the data driver 500
of FIG. 1. An output of the data driver 500 may have the data
voltage VD, the data sustaining voltage with the first and
second data sustaining voltage levels VS1 and VS2, and the
high impedance state HiZ. Hereinafter, the data sustaining
voltage with the first and second data sustaining voltage
levels VS1 and VS2 may be referred to as the data sustaining
voltage VS1/VS2.

[0089] The data voltage VD is grayscale data representing
a luminance of the pixel P of the display panel 100. The data
sustaining voltage VS1/VS2 is a voltage to maintain the
voltage level of the data line DL for a duration when the data
voltage VD is not applied to the data line DL. The data
sustaining voltage VS1/VS2 may be set to a data voltage
having a relatively low grayscale which is close to black. In
the present exemplary embodiment, the data sustaining
voltage may have at least two different levels. For example,
as described above, the data sustaining voltage may have the
first data sustaining voltage level VS1 and the second data
sustaining voltage level VS2 that is less than the first data
sustaining voltage level VS1.

[0090] The high impedance state HiZ indicates that the
output of the data driver 500 has a floating state. The output
of the data driver 500 may have the high impedance state
HiZ during the on bias period T2 and the initiating period
T3, as illustrated in FIG. 4.

[0091] The on bias driver 600 may include an on bias
switching element TRO. The on bias switching element
TRO may output the on bias voltage VOB to the data line
DL in response to an on bias control signal SUS_ENB (e.g.,
included in the fourth control signal CONT4).

[0092] The on bias switching element TRO may include a
control electrode to which the on bias control signal SUS_
ENB is applied, a first electrode to which the on bias voltage
VOB is applied, and a second electrode connected to the
data line DL.

[0093] In the present exemplary embodiment, one on bias
driver 600 may be commonly connected to all of the
plurality of data lines of the display panel 100.

[0094] As shown in FIG. 4, during the on bias period T2,
the on bias voltage VOB is applied to the pixel P through the
data line DL because the on bias control signal SUS_ENB
decreases from a high level to a low level.

[0095] Forexample, gate signals GS[1] to GS[N] (the gate
signals GS for driving first to Nth gate lines) have low levels
during the on bias period T2, so that the switching elements
TRS of the pixels P are turned on. Thus, the output of the
data driver 500 has the high impedance state HiZ.

[0096] In addition, the first power voltage ELVDD may
have a high level and the second power voltage ELVSS may
have a high level during the on bias period T2.

[0097] As described above, when the on bias control
signal SUS_ENB decreases from a high level to a low level,
the on bias switching element TRO is turned on so that the
on bias voltage VOB is applied to the data line DL.
[0098] The switching element TRS is turned on so that the
on bias voltage VOB is transmitted to the first node NA
through the switching transistor TRS. Prior to the on bias
period T2, the voltage level of the first node NA may be the
level of the data sustaining voltage remaining at the data line
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DL. When the on bias period T2 is started, the voltage level
of the first node NA may be the on bias voltage VOB. The
level of the data sustaining voltage may be a high grayscale
voltage which is close to a white gray scale. The on bias
voltage VOB may be a relatively low level.

[0099] The voltage at the control electrode of the driving
transistor TRD (e.g., the second node NB) may be coupled
with the voltage of the first node NA so that the voltage of
the second node NB may be changed. For example, the
voltage of the second node NB may be coupled with the
voltage drop of the first node NA so that the voltage of the
second node NB may decrease.

[0100] During the on bias period T2, the switching tran-
sistor TRS is turned on and the compensating transistor TRC
is turned off. Although a voltage having a low level is
applied to the control electrode of the driving transistor
TRD, both of the first power voltage ELVDD and the second
power voltage ELVSS have high levels so that the driving
transistor TRD is not turned on.

[0101] Referring to FIG. 5A, if the data sustaining voltage
has a single voltage level, when the on bias control signal
SUS_ENB decreases to a low level, the voltage at the first
node NA suddenly drops from the data sustaining voltage
(e.g., VS1 of FIG. 4) to the on bias voltage VOB. As a result,
a high peak current (PK1 of JOB) flows through a signal
transmitting line that connecting the on bias driver 600 to all
of the data lines DL of the display panel 100. Thus, the signal
transmitting line may be damaged.

[0102] On the other hand, in the present exemplary
embodiment, during the on bias compensating period T1,
which is prior to the on bias period T2, the level of the data
sustaining voltage applied to the data line DL is adjusted.
During the on bias compensating period T1, the data sus-
taining voltage may decrease from the first data sustaining
voltage level V81 to the second data sustaining voltage level
VS2, which is less than the first data sustaining voltage level
VSl1.

[0103] For example, the data driver 500 may decrease the
data sustaining voltage from the first data sustaining voltage
level VS1 to the second data sustaining voltage level VS2 in
response to a sustaining voltage control signal VSCTR.
[0104] According to an exemplary embodiment of the
inventive concept, a timer may adjust a timing to decrease
the data sustaining voltage after the sustaining voltage
control signal VSCTR is applied to the data driver 500.
[0105] During the on bias compensating period T1, the
first power voltage ELVDD may have a high level and the
second power voltage ELVSS may have a low level.
[0106] When the data sustaining voltage decreases to the
second data sustaining voltage level VS2, during the on bias
period T2, the voltage level at the first node NA decreases
from the second data sustaining voltage level VS2 to the on
bias voltage VOB. Accordingly, the amount of change in the
voltage at the first node NA decreases during the on bias
period T2 (as compared to FIG. 5A).

[0107] Therefore, as shown in FIG. 5B, when the on bias
control signal SUS_ENB decreases to a low level during the
on bias period T2, the voltage at the first node NA decreases
from the second data sustaining voltage level VS2 (which is
lower than the first data sustaining voltage level VS1) to the
on bias voltage VOB. As such, the peak current (PK2 of
JOB) flowing through the signal transmitting line is less than
the peak current (PK1 of JOB) flowing through the signal
transmitting line in FIG. 5A.
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[0108] During the initiating period T3, an anode electrode
of the organic light emitting element OLED (e.g., the third
node NC) of the pixel P is initiated. During the initiating
period T3, the gate signals GSM to GS[N] maintain low
levels and thus, the switching elements TRS of the pixels P
maintain a turned—on state. During the initiating period T3,
the output of the data driver 500 still has the high impedance
state HiZ, the first power voltage ELVDD has a low level,
and the second power voltage ELVSS has a high level.
[0109] For each of the pixels P, the switching transistor
TRS is turned on and the compensating transistor TRC is
turned off. A low level voltage is applied to the control
electrode of the driving transistor TRD, and as described
above, the first power voltage ELVDD has a low level and
the second power voltage ELVSS has a high level. Accord-
ingly, the driving transistor TRD is turned on.

[0110] The switching transistor TRS and the driving tran-
sistor TRD are turned on so that the voltage of the anode
electrode of the organic light emitting element OLED (e.g,,
the third node NC) is initiated. For example, the voltage of
the anode electrode of the organic light emitting element
OLED may have the low level of the first power voltage
ELVDD.

[0111] During the compensating period T4, the differences
in threshold voltages among the driving transistors TRD of
the pixels P may be compensated. The gate signals GS[1] to
GS|N] maintain low levels, and thus, the switching elements
TRS of the pixels P maintain a turned—on state. The output
of the data driver 500 has the first data sustaining voltage
level VS1, the first power voltage ELVDD has a high level,
and the second power voltage ELVSS has a high level.
[0112] The compensating control signal GS has a low
level so that the compensating transistor TRC is turned on.
As the compensating transistor TRC is turned on, the driving
transistor TRD is connected by a diode connection and the
voltage including the threshold voltage component is
applied to the first node NA. Accordingly, the threshold
voltage component of the driving transistor TRD is not
affected when determining the driving current according to
the data voltage VD. Thus, differences due to the various
threshold voltages of the driving transistors TRD may be
removed for all of the pixels P.

[0113] During the scanning period T5, the gate driver 300
of FIG. 1 generates and outputs the gate signals GSM to
GSJN] to the gate lines GL. For example, the driver 300 may
sequentially output the gate signals GSM to GS [N] to the
gate lines GL.

[0114] The data driver 500 generates the data voltages VD
corresponding to grayscales of the input image data RGB.
The data voltages VD are applied to the pixels P in response
to pulses of the gate signals GS[1] to GS[N]. The data
voltages VD may be stored at the storage capacitors CST of
the pixels P.

[0115] The first power voltage ELVDD and the second
power voltage ELVSS have high levels, and the driving
transistor TRD is not turned on.

[0116] During the emission period T6, the organic light
emitting elements OLED of the pixels P may be turned on
so that the pixels P of the display panel 100 simultaneously
emit light. The first power voltage ELVDD has a high level
and the second power voltage ELVSS has a low level at this
time.

[0117] According to the present exemplary embodiment,
as described above, during the on bias compensating period
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T1 which is prior to the on bias period T2, the data
sustaining voltage applied to the data lines DL decreases
from the first data sustaining voltage level VS1 to the second
data sustaining voltage level VS2, so that the peak current
flowing through the signal transmitting line, which connects
the on bias driver 600 to the data lines DL, may decrease.
Thus, damage to the signal transmitting line may be pre-
vented.

[0118] FIG. 6 is a timing diagram illustrating input and
output signals of the on bias driver 600 and the pixel P of the
display panel 100 according to an exemplary embodiment of
the inventive concept.

[0119] The method of driving the display panel and the
display apparatus according to the present exemplary
embodiment is substantially the same as the method
described with reference to FIGS. 1 to 5B, except for the
level of the data sustaining voltage. Thus, the same reference
numerals will be used to refer to the same or like parts as
those described with reference to FIGS. 1 to 5B, and any
repetitive explanation concerning these elements will be
omitted.

[0120] Referring to FIGS. 1 to 3 and 5A to 6, during the
on bias period T2, the on bias voltage VOB is applied to the
driving transistor TRD of the pixel P through the data line
DL.

[0121] When the on bias control signal SUS_ENB
decreases from a high level to a low level, the on bias
switching transistor TRO is turned on so that the on bias
voltage VOB may be transmitted to the data line DL.
[0122] As shown in FIG. 5A, if the data sustaining voltage
has a single voltage level, when the on bias control signal
SUS_ENB decreases to a low level, the voltage at the first
node NA suddenly drops from the data sustaining voltage
(e.g., VS1 of FIG. 4) to the on bias voltage VOB, thus,
resulting in a high peak current flowing through the signal
transmitting line connecting the on bias driver 600 to all of
the data lines DL of the display panel 100. Thus, the signal
transmitting line may be damaged.

[0123] On the other hand, in the present exemplary
embodiment, during the on bias compensating period T1,
which is prior to the on bias period T2, the level of the data
sustaining voltage applied to the data line DL is adjusted.
[0124] In the present exemplary embodiment, the data
sustaining voltage may have at least three different voltage
levels. During the on bias compensating period T1, the data
sustaining voltage may decrease in a steplike fashion.
[0125] For example, in response to the sustaining voltage
control signal VSCTR, the data driver 500 may decrease the
data sustaining voltage from the first data sustaining voltage
level VS1 to the second data sustaining voltage level VS2
that is less than the first data sustaining voltage level VS,
from the second data sustaining voltage level VS2 to a third
data sustaining voltage level VS3 that is less than the second
data sustaining voltage level VS2, and from the third data
sustaining voltage level VS3 to a fourth data sustaining
voltage level VS4 that is less than the third data sustaining
voltage level VS3.

[0126] According to an exemplary embodiment of the
inventive concept, a timer may adjust a timing to decrease
the data sustaining voltage after the sustaining voltage
control signal VSCTR is applied to the data driver 500.
[0127] According to the present exemplary embodiment,
during the on bias compensating period T1 which is prior to
the on bias period T2, the data sustaining voltage applied to
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the data lines DL decreases from the first data sustaining
voltage level VS1 to the fourth data sustaining voltage level
VS4 in a steplike fashion, so that the peak current flowing
through the signal transmitting line, which connects the on
bias driver 600 to the data lines DL, may decrease. Thus,
damage to the signal transmitting line may be prevented.
[0128] FIGS. 7A and 7B are timing diagrams illustrating
input and output signals of the on bias driver 600 and the
pixel P of the display panel 100 according to an exemplary
embodiment of the inventive concept.

[0129] The method of driving the display panel and the
display apparatus according to the present exemplary
embodiment is substantially the same as the method
described with reference to FIGS. 1 to 5B, except for the
level of the data sustaining voltage. Thus, the same reference
numerals will be used to refer to the same or like parts as
those described with reference to FIGS. 1 to 5B, and any
repetitive explanations concerning these elements will be
omitted.

[0130] Referring to FIGS. 1 to 3, 5A, 5B, 7A, and 7B,
during the on bias period T2, the on bias voltage VOB is
applied to the driving transistor TRD of the pixel P through
the data line DL.

[0131] When the on bias control signal SUS_ENB
decreases from a high level to a low level, the on bias
switching transistor TRO is turned on so that the on bias
voltage VOB may be transmitted to the data line DL.
[0132] As shown in FIG. 5A, if the data sustaining voltage
has a single voltage level, when the on bias control signal
SUS_ENB decreases to a low level, the voltage at the first
node NA suddenly drops from the data sustaining voltage
(e.g., VS1 of FIG. 4) to the on bias voltage VOB, thus,
resulting in a high peak current flowing through the signal
transmitting line connecting the on bias driver 600 to all of
the data lines DL of the display panel 100. Thus, the signal
transmitting line may be damaged.

[0133] On the other hand, in the present exemplary
embodiment, during the on bias compensating period T1,
which is prior to the on bias period T2, the level of the data
sustaining voltage applied to the data line DL is adjusted.
[0134] Referring to FIG. 7A, during the on bias compen-
sating period T1, the data sustaining voltage may decrease
from the first data sustaining voltage level VS1 to the second
data sustaining voltage level VS2 that is less than the first
data sustaining voltage level VSI.

[0135] For example, the data driver 500 may decrease the
data sustaining voltage from the first data sustaining voltage
level VS1 to the second data sustaining voltage level VS2 in
response to the sustaining voltage control signal VSCTR.
[0136] In the present exemplary embodiment, the level of
the data sustaining voltage may be determined by a duty
ratio of the sustaining voltage control signal VSCTR. For
example, the sustaining voltage control signal VSCTR has a
first duty ratio DT1. Accordingly, the level of the data
sustaining voltage decreases from the first data sustaining
voltage level VS1 to the second data sustaining voltage level
VS2.

[0137] Referring to FIG. 7B, during the on bias compen-
sating period T1, the data sustaining voltage may decrease
from the first data sustaining voltage level VS1 to the third
data sustaining voltage level VS3 that is less than the first
data sustaining voltage level VS1.

[0138] For example, the data driver 500 may decrease the
data sustaining voltage from the first data sustaining voltage
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level VS1 to the third data sustaining voltage level VS3 in
response to the sustaining voltage control signal VSCTR.
The third data sustaining voltage level VS3 in FIG. 7B may
be less than the second data sustaining voltage level VS2 in
FIG. 7B.

[0139] In the present exemplary embodiment, the level of
the data sustaining voltage may be determined by the duty
ratio of the sustaining voltage control signal VSCTR. For
example, the sustaining voltage control signal VSCTR has a
second duty ratio DT2. Accordingly, the level of the data
sustaining voltage decreases from the first data sustaining
voltage level VS1 to the third data sustaining voltage level
VS3. For example, the second duty ratio DT2 in FIG. 7B
may be greater than the first duty ratio D1 in FIG. 7A.

[0140] According to the present exemplary embodiment,
during the on bias compensating period T1 which is prior to
the on bias period T2, the data sustaining voltage applied to
the data lines DL decreases from the first data sustaining
voltage level VS1 to the second data sustaining voltage level
VS2 or the third data sustaining voltage level VS3. As a
result, the peak current flowing through the signal transmit-
ting line, which connects the on bias driver 600 to the data
lines DL, may decrease. Thus, damage to the signal trans-
mitting line may be prevented.

[0141] FIG. 8 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept. FIG. 9 is a circuit diagram illustrating an
on bias driver of FIG. 8 and a display panel of FIG. 8
according to an exemplary embodiment of the inventive
concept. FIG. 10 is a timing diagram illustrating input and
output signals of the on bias driver of FIG. 8 and a pixel of
the display panel of FIG. 8 according to an exemplary
embodiment of the inventive concept. FIG. 11A is a wave-
form diagram illustrating a peak current of an on bias
voltage applying portion when an on bias voltage of the on
bias driver of FIG. 8 is not adjusted. FIG. 11B is a waveform
diagram illustrating the peak current of the on bias voltage
applying portion when the on bias voltage of the on bias
driver of FIG. 8 is adjusted.

[0142] The method of driving the display panel and the
display apparatus according to the present exemplary
embodiment is substantially the same as the method
described with reference to FIGS. 1 to 5B, except for the
level of the data sustaining voltage, the level of the on bias
voltage, and the structure of the on bias driver. Thus, the
same reference numerals will be used to refer to the same or
like parts as those described with reference to FIGS. 1 to 5B,
and any repetitive explanations concerning these elements
will be omitted.

[0143] Referring to FIGS. 8 to 11B, the display apparatus
includes the display panel 100 and the display panel driver.
The display panel driver includes the timing controller 200,
the gate driver 300, the gamma reference voltage generator
400, the data driver 500, an on bias driver 600A, the
compensating driver 700, the first power controller 800, and
the second power controller 900.

[0144] The on bias driver 600A outputs an on bias voltage
to the data line DL in response to the on bias control signal
SUS_ENB and a compensating on bias control signal
VOBCTIR.

[0145] In the present exemplary embodiment, the on bias
voltage may have at least two different levels. In contrast,
the data sustaining voltage may have one level.
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[0146] During the on bias compensating period T1, the on
bias voltage may increase from a first on bias voltage level
VOBI to asecond on bias voltage level VOB2 that is greater
than the first on bias voltage level VOBI.

[0147] The on bias driver 600A may include a first on bias
switching element TRO1 outputting the on bias voltage
having the first on bias voltage level VOB1 to the data line
DL in response to the on bias control signal SUS_ENB and
a second on bias switching element TRO2 outputting the on
bias voltage having the second on bias voltage level VOB2
to the data line DL in response to the compensating on bias
control signal VOBCTR.

[0148] In the present exemplary embodiment, the on bias
driver 600A may be commonly connected to the all of the
data lines DL of the display panel 100.

[0149] Right before the on bias period T2 (e.g., during the
on bias compensating period T1), the on bias voltage having
the second on bias voltage level VOB2 is applied to the pixel
P through the data line DL. During the on bias period T2, the
on bias voltage having the first on bias voltage level VOB1
is applied to the pixel through the data line DL.

[0150] As shown in FIG. 11A, if the on bias voltage has a
single voltage level, when the on bias control signal SUS_
ENB decreases to a low level, the voltage at the first node
NA suddenly drops from the data sustaining voltage VS to
the on bias voltage (e.g., VOB1 in FIG. 10) remaining at the
data line DL. As a result, a high peak current (PK1 of JOB)
flows through a signal transmitting line connecting the on
bias driver 600A to all of the data lines DL of the display
panel 100. Thus, the signal transmitting line may be dam-
aged.

[0151] On the other hand, in the present exemplary
embodiment, during the on bias compensating period T1,
which is prior to the on bias period T2, the level of the on
bias voltage applied to the data line DL is adjusted. During
the on bias compensating period T1, the on bias voltage may
increase from the first on bias voltage level VOBI to the
second on bias voltage level VOB2 that is greater than the
first on bias voltage level VOBI.

[0152] Forexample, the on bias driver 600A may increase
the on bias voltage from the first on bias voltage level VOB1
to the second on bias voltage level VOB2 in response to the
compensating on bias control signal VOBCTR.

[0153] When the on bias voltage applied to the data line
DL increases to the second on bias voltage level VOB2, the
amount of change of the voltage at the first node NA during
the on bias period T2 decreases.

[0154] Therefore, as shown in FIG. 11B, when the on bias
control signal SUS_ENB decreases to a low level during the
on bias period T2, the amount of change of the voltage at the
first node NA decreases and thus, the peak current (PK2 of
10B) flowing through the signal transmitting line is less than
the peak current (PK1 of IOB) flowing through the signal
transmitting line in FIG. 11A.

[0155] According to the present exemplary embodiment,
during the on bias compensating period T1 which is prior to
the on bias period T2, the on bias voltage applied to the data
lines DL increases from the first on bias voltage level VOBI1
to the second on bias voltage level VOB2, so that the peak
current flowing through the signal transmitting line connect-
ing the on bias driver 600A to the data lines DL may
decrease. Thus, damage to the signal transmitting line may
be prevented.
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[0156] FIG. 12 is a block diagram illustrating a display
apparatus according to an exemplary embodiment of the
inventive concept. FIG. 13A is a circuit diagram illustrating
a first on bias driver 601 of FIG. 12 and a pixel PX
connected to the first on bias driver 601 of FIG. 12 according
to an exemplary embodiment of the inventive concept. FIG.
13B is a circuit diagram illustrating a second on bias driver
602 of FIG. 12 and a pixel PY connected to the second on
bias driver 602 of FIG. 12 according to an exemplary
embodiment of the inventive concept. FIG. 14 is a timing
diagram illustrating input and output signals of the first and
second on bias drivers 601 and 602 of FIG. 12 and pixels PX
and PY of the display panel 100 of FIG. 12 according to an
exemplary embodiment of the inventive concept. FIG. 15A
is a waveform diagram illustrating a peak current of an on
bias voltage applying portion when a display apparatus
includes only one on bias driver. FIG. 15B is a waveform
diagram illustrating a peak current of the on bias voltage
applying portion when the display apparatus includes the
first and second on bias drivers 601 and 602 of FIG. 12
according to an exemplary embodiment of the inventive
concept.

[0157] The method of driving the display panel and the
display apparatus according to the present exemplary
embodiment is substantially the same as the method previ-
ously described with reference to FIGS. 1 to 5B, except for
the level of the data sustaining voltage, the level of the on
bias voltage, and the structure of the on bias driver. Thus, the
same reference numerals will be used to refer to the same or
like parts as those described with reference to FIGS. 1 to 5B,
and any repetitive explanations concerning these elements
will be omitted.

[0158] Referring to FIGS. 12 to 15B, the display apparatus
includes the display panel 100 and the display panel driver.
The display panel driver includes the timing controller 200,
the gate driver 300, the gamma reference voltage generator
400, the data driver 500, a first on bias driver 601, a second
on bias driver 602, the compensating driver 700, the first
power controller 800, and the second power controller 900.
[0159] The first on bias driver 601 may include the on bias
switching element TRO that outputs the on bias voltage
VOB 1o a data line DLX in response to a first on bias control
signal SUS_ENBI.

[0160] The on bias switching element TRO of the first on
bias driver 601 includes a control electrode to which the first
on bias control signal SUS_ENBI is applied, a first electrode
to which the on bias voltage VOB is applied, and a second
electrode connected to the data line DLX of a first group.
[0161] In the present exemplary embodiment, the first on
bias driver 601 may be commonly connected to the data
lines DLX of the first group which are connected to the
pixels PX of the first group of the display panel 100
[0162] The second on bias driver 602 may include the on
bias switching element TRO that outputs the on bias voltage
VOB to a data line DLY in response to a second on bias
control signal SUS_ENB2.

[0163] The on bias switching element TRO of the second
on bias driver 602 includes a control electrode to which the
second on bias control signal SUS_ENB2 is applied, a first
electrode to which the on bias voltage VOB is applied, and
a second electrode connected to the data line DLY of a
second group.

[0164] In the present exemplary embodiment, the second
on bias driver 602 may be commonly connected to the data

Jul. 13,2017

lines DLY of the second group which are connected to the
pixels PX of the second group of the display panel 100

[0165] In a first timing in the on bias period T2, the first
on bias driver 601 applies the on bias voltage VOB to the
pixels (e.g., PX in FIG. 13A) of the first group through the
data line DLX in response to the first on bias control signal
SUS_ENBI1.

[0166] In a second timing in the on bias period T2, the
second on bias driver 602 applies the on bias voltage VOB
to the pixels (e.g., PY in FIG. 13B) of the second group
through the data line DLY in response to the second on bias
control signal SUS_ENB2.

[0167] In the present exemplary embodiment, the on bias
voltage VOB may have a single level. The level of the on
bias voltage VOB applied to the pixels PX of the first group
may be substantially the same as the level of the on bias
voltage VOB applied to the pixels PY of the second group.

[0168] In addition, the data sustaining voltage VS applied
to all of the pixels may have a single level.

[0169] FIG. 15A represents the peak current of the on bias
voltage applying portion when all of the data lines are
connected to a single on bias driver. As shown in FIG. 15A,
if the on bias voltage has a single voltage level, when the on
bias control signal SUS_ENB decreases to a low level, the
voltage at the first node NA suddenly drops from the data
sustaining voltage VS to the on bias voltage (e.g., VOBI in
FIG. 10) remaining at the data line DL. As a result, a high
peak current (PK1 of JOB) flows through a signal transmit-
ting line connecting the on bias driver to all of the data lines
DL of the display panel 100. Thus, the signal transmitting
line may be damaged.

[0170] On the other hand, in the present exemplary
embodiment, the plural on bias drivers (e.g., the first and
second on bias drivers 601 and 602) are connected to the
groups of the data lines (e.g., the first and second groups)
and the on bias drivers have on bias control signals SUS_
ENBI1 and SUS_ENB2 with different timings. As such,
relatively small peak currents (PK2 and PK3 of JOB) flow
through the signal transmitting lines connecting the on bias
drivers to the groups of data lines DLX and DLY of the
display panel 100.

[0171] The display apparatus may include a plurality of
data driving chips generating the data voltage. The data
driving chips may have different timings to apply the on bias
voltage.

[0172] For example, the display apparatus may include
four data driving chips. Pixels of a first group may be
connected to a first driving chip through data lines of the first
group. Pixels of a second group may be connected to a
second driving chip through data lines of the second group.
Pixels of a third group may be connected to a third driving
chip through data lines of the third group. Pixels of a fourth
group may be connected to a fourth driving chip through
data lines of the fourth group.

[0173] The first data driving chip may have a first on bias
control signal having a first timing. The pixels connected to
the first driving chip may be connected to the first on bias
driver which applies the on bias voltage in response to the
first on bias control signal.

[0174] The second data driving chip may have a second on
bias control signal having a second timing different from the
first timing. The pixels connected to the second driving chip
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may be connected to the second on bias driver which applies
the on bias voltage in response to the second on bias control
signal.

[0175] The third data driving chip may have a third on bias
control signal having a third timing different from the first
timing and the second timing. The pixels connected to the
third driving chip may be connected to the third on bias
driver which applies the on bias voltage in response to the
third on bias control signal.

[0176] The fourth data driving chip may have a fourth on
bias control signal having a fourth timing different from the
first timing, the second timing, and the third timing. The
pixels connected to the fourth driving chip may be con-
nected to the fourth on bias driver which applies the on bias
voltage in response to the fourth on bias control signal.
[0177] As explained above, the on bias voltage is applied
to the pixels of the display panel 100 with different timings
so that the peak current flowing through the signal trans-
mitting line of the on bias drivers may be decreased. Thus,
damage to the signal transmitting line may be prevented.
[0178] Although the display apparatus includes four data
driving chips in the present exemplary embodiment for
convenience of explanation, the inventive concept is not
limited thereto and the number of data driving chips may
vary.

[0179] According to the present exemplary embodiment,
during the on bias period T2, the timing of applying the on
bias voltage to the data lines DL is adjusted so that the peak
current flowing through the signal transmitting line, which
connects the on bias driver 600 to the data lines DL, may
decrease. Thus, damage to the signal transmitting line may
be prevented.

[0180] As explained above, according to exemplary
embodiments of the inventive concept, in the simultaneous
emission method of driving the display panel and the display
apparatus performing the method, the peak current flowing
through the signal transmitting line in the on bias period is
decreased and damage to the signal transmitting line of the
on bias driver is prevented. Thus, the productivity of the
display apparatus may be increased.

[0181] While the inventive concept has been shown and
described with reference to the exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
thereto without departing from the spirit and scope of the
present inventive concept as defined by the following
claims.

What is claimed is:
1. A method of driving a display panel, the method
comprising:

adjusting a level of a data sustaining voltage or an on bias
voltage during an on bias compensating period;

applying the on bias voltage to pixels through data lines
during an on bias period, which is subsequent to the on
bias compensating period, to adjust a voltage level of
control electrodes of driving transistors of the pixels;

initiating a voltage of anode electrodes of organic light
emitting elements of the pixels during an initiating
period;

applying data voltages to the pixels through the data lines
during a scanning period; and

turning on the organic light emitting elements of the
pixels during an emission period.
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2. The method of claim 1, wherein the data sustaining
voltage has at least two different levels.

3. The method of claim 2, wherein during the on bias
compensating period, the data sustaining voltage decreases
from a first data sustaining voltage level to a second data
sustaining voltage level that is less than the first data
sustaining voltage level.

4. The method of claim 2, wherein the data sustaining
voltage has at least three different levels, and

the data sustaining voltage decreases in a steplike fashion

during the on bias compensating period.

5. The method of claim 2, wherein the level of the data
sustaining voltage is determined by a duty ratio of a sus-
taining voltage control signal.

6. The method of claim 1, wherein the on bias voltage has
at least two different levels.

7. The method of claim 6, wherein during the on bias
compensating period, the on bias voltage increases from a
first on bias voltage level to a second on bias voltage level
that is greater than the first on bias voltage level.

8. The method of claim 7, wherein the on bias voltage
having the first on bias voltage level is transmitted to the
data lines through a first on bias switching element, and

the on bias voltage having the second on bias voltage level

is transmitted to the data lines through a second on bias
switching element.

9. The method of claim 1, wherein during the on bias
period, an output of a data driver has a high impedance state,
switching elements of the pixels are turned on, a first power
voltage has a high level, and a second power voltage has a
high level.

10. The method of claim 9, wherein during the initiating
period, the output of the data driver has the high impedance
state, the switching elements of the pixels are turned on, the
first power voltage has a low level, and the second power
voltage has a high level.

11. The method of claim 1, further comprising:

decreasing an on bias control signal from a high level to

a low level to output the on bias voltage.

12. A display apparatus comprising:

a display panel including a plurality of pixels;

a gate driver configured to apply gate signals to the

plurality of pixels through gate lines;

a data driver configured to apply data voltages to the

plurality of pixels through data lines;

an on bias driver configured to apply an on bias voltage

to the plurality of pixels through the data lines during
an on bias period to adjust a voltage level of control
electrodes of driving transistors of the pixels;

a first power controller configured to apply a first power

voltage to the plurality of pixels; and

a second power controller configured to apply a second

power voltage to the plurality of pixels,

wherein during an on bias compensating petiod, which is

prior to the on bias period, a level of a data sustaining
voltage of the data driver or the on bias voltage of the
on bias driver is adjusted.

13. The display apparatus of claim 12, wherein the data
driver is further configured to output the data sustaining
voltage having at least two different levels.

14. The display apparatus of claim 13, wherein the on bias
driver comprises an on bias switching element configured to
output the on bias voltage to the data lines in response to an
on bias control signal.



US 2017/0200416 Al

15. The display apparatus of claim 12, wherein the on bias
driver is further configured to output the on bias voltage
having at least two different levels.

16. The display apparatus of claim 15, wherein the on bias
driver comprises:

a first on bias switching element configured to output the
on bias voltage having a first on bias voltage level to the
data lines in response to an on bias control signal; and

a second on bias switching element configured to output
the on bias voltage having a second on bias voltage
level, which is greater than the first on bias voltage
level, to the data lines in response to a compensating on
bias control signal.

17. The display apparatus of claim 12, wherein at least

one of the plurality of pixels comprises:

a switching transistor configured to turn on in response to
one of the gate signals;

a compensating transistor configured to turn on in
response to a compensating control signal;

a driving transistor configured to turn on in response to a
signal ata first electrode of the compensating transistor;
and

an organic light emitting element connected to the driving
transistor.

18. The display apparatus of claim 12, wherein the on bias

driver is one on bias driver commonly connected to all of the
data lines.

Jul. 13,2017

19. A method of driving a display panel comprising a
plurality of pixels connected to data lines, divided into a first
group and a second group, the method comprising:

applying an on bias voltage to pixels of the first group

through data lines of the first group with a first timing
in an on bias period to adjust a voltage level of control
electrodes of driving transistors of the pixels of the first
group;

applying the on bias voltage to pixels of the second group

through data lines of the second group with a second
timing in the on bias period to adjust a voltage level of
control electrodes of driving transistors of the pixels of
the second group;

initiating a voltage of anode electrodes of organic light

emitting elements of the pixels of the first and second
groups during an initiating period,

applying data voltages to the pixels of the first and second

groups through the data lines during a scanning period;
and

turning on the organic light emitting elements of the

pixels of the first and second groups during an emission
period.

20. The method of claim 19, wherein data driving chips
configured to generate the data voltages have different
timings for applying the on bias voltage.
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