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DISPLAY DEVICE AND METHOD OF
DRIVING DISPLAY DEVICE

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2018-0111968 filed
on Sep. 19, 2018; the Korean Patent Application is incor-
porated by reference herein.

BACKGROUND

1. Field

[0002] The technical field relates to a display device and
a method of driving the display device.

2. Description of the Related Art

[0003] Generally, a display device includes a display panel
and a display panel driver for driving the display panel.
When the display device displays a still image, the display
device may operate in a power-saving mode for reducing
power consumption.

SUMMARY

[0004] Embodiments may be related to a display device
that can effectively eliminate an afterimage when switching
from a low-power drive mode to a normal drive mode.
[0005] Embodiments may be related to a method of driv-
ing the display device.

[0006] According to an embodiment, there is provided a
display device including a display panel comprising a plu-
rality of data lines, a plurality of scan lines and a plurality
of pixel circuits, each of the pixel circuits comprising an
organic light emitting diode, a first transistor connected to an
anode electrode of the organic light emitting diode and a
second transistor connected to a scan line, a data line and the
first transistor, a data driver configured to provide a refer-
ence voltage to the plurality of data lines during a first period
of a frame when a drive mode is switched from a low-power
drive mode to a normal drive mode, a scan driver configured
to simultaneously provide a scan signal of an ON-voltage for
turning on the second transistor to the plurality of scan lines
during the first period of the frame and a voltage generator
configured to apply a second power source voltage of a high
level for turning off the organic light emitting diode to a
cathode electrode of the organic light emitting diode during
the first period of the frame.

[0007] In an embodiment, the display panel may further
include a plurality of emission lines, and the pixel circuit
further includes a third transistor connected to an emission
line and the first transistor.

[0008] In an embodiment, the display device may further
include an emission driver configured to simultaneously
provide an emission control signal of an ON-voltage for
turning on the third transistor to the plurality of emission
lines during the first period of the frame.

[0009] In an embodiment, during the active period of the
frame, the voltage generator may be configured to provide a
second power source voltage of the high level to a cathode
electrode of the organic light emitting diode.

[0010] In an embodiment, during the second period of the
frame, the voltage generator may be configured to provide a
second power source voltage of a lower level than the first
power source voltage to the cathode electrode of the organic
light emitting diode, and the emission driver may be con-
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figured to simultaneously provide an emission control signal
of an ON-voltage to the plurality of emission lines.

[0011] Inanembodiment, the first period of the frame may
be located before the active period and the second period
may be located after the active period.

[0012] In an embodiment, when the drive mode may be
switched from the low-power drive mode to the normal
drive mode, the frame including the first period, the active
period and the second period may be repeated during a
preset period.

[0013] In an embodiment, when the drive mode may be
switched from the low-power drive mode to the normal
drive mode, one of an odd numbered frame and an even
numbered frame may include the first period, the active
period and the second period.

[0014] In an embodiment, the first and third transistors
may be a P-type transistors, and the second transistor may be
an N-type transistor.

[0015] In an embodiment, the display panel may further
include a plurality of sensing lines, and the pixel circuit may
further include a fourth transistor connected to the scan line,
the anode electrode and the scan line of the organic light
emitting diode.

[0016] In an embodiment, the fourth transistor may be an
N-type transistor.

[0017] In an embodiment, the display device may further
include a sensing part connected to the sensing lines and
generating sensing data by analog-to-digital conversion of
the sensing signal transmitted from the sensing line.

[0018] According to an embodiment, there is provided a
method of driving a display device which includes a plu-
rality of data lines, a plurality of scan lines and a plurality
of pixel circuits, each of the pixel circuits comprising an
organic light emitting diode, a first transistor connected to an
anode electrode of the organic light emitting diode and a
second transistor connected to a scan line, a data line and the
first transistor. The method includes providing a reference
voltage to the plurality of data lines during a first period of
a frame when a drive mode is switched from a low-power
drive mode to a normal drive mode, simultaneously provid-
ing a scan signal of an ON-voltage for turning on the second
transistor to the plurality of scan lines during the first period
of the frame, and applying a second power source voltage of
a high level for turning off the organic light emitting diode
to a cathode electrode of the organic light emitting diode
during the first period of the frame.

[0019] In an embodiment, the display device may further
include a plurality of emission lines, and the pixel circuit
may further include a third transistor connected to an
emission line and the first transistor, wherein in a first period
of the frame, the emission driver is configured to simulta-
neously provide an emission control signal of an ON-voltage
for turning on the third transistor to the plurality of emission
lines.

[0020] In an embodiment, the method may further include
during the active period of the frame, providing a second
power source voltage of the high level to a cathode electrode
of the organic light emitting diode.

[0021] Inan embodiment, the method may further include
during the second period of the frame, providing a second
power source voltage of a lower level than the first power
source voltage to the cathode electrode of the organic light
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emitting diode, and simultaneously providing an emission
control signal of an ON-voltage to the plurality of emission
lines.

[0022] Inanembodiment, the first period of the frame may
be located before the active period and the second period
may be located after the active period.

[0023] In an embodiment, when the drive mode may be
switched from the low-power drive mode to the normal
drive mode, the frame including the first period, the active
period and the second period may be repeated during a
preset period.

[0024] In an embodiment, when the drive mode may be
switched from the low-power drive mode to the normal
drive mode, one of an odd numbered frame and an even
numbered frame may include the first period, the active
period and the second period.

[0025] In an embodiment, the first and third transistors
may be a P-type transistors, and the second transistor may be
an N-type transistor.

[0026] A display device may include a plurality of data
lines, a plurality of scan lines, and a plurality of pixel
circuits. The plurality of scan lines may be electrically
insulated from the plurality of data lines. Each of the pixel
circuits may include an organic light emitting diode, a first
transistor, and a second transistor. The first transistor may be
electrically connected to an anode electrode of the organic
light emitting diode. The second transistor may be electri-
cally connected to the first transistor, a scan line among the
scan lines, and a data line among the data lines. The second
transistors of the pixel circuits may respectively receive
instances of a reference voltage from the plurality of data
lines during a first period of a frame. The second transistors
of the pixel circuits may respectively and simultaneously
receive instances of a turn-on scan signal from the plurality
of scan lines and turn on during the first period of the frame.
Cathode electrodes of the organic light emitting diodes of
the pixel circuits may respectively receive instances of a
turn-off voltage and for the organic light emitting diodes of
the pixel circuits to turn off during the first period of the
frame.

[0027] The display device may include a plurality of
emission lines. Each of the pixel circuits may further include
a third transistor electrically connected to the first transistor
and an emission line among the emission lines.

[0028] The third transistors of the pixel circuits may
respectively and simultaneously receive instances of a turn-
on emission control signal from the plurality of emission
lines and turn on during the first period of the frame.

[0029] An active period of the frame may immediately
follow the first period of the frame. The second transistors of
the pixel circuits may respectively receive data voltages
from the plurality of data lines during the active period of the
frame. At least one the data voltages may be unequal to the
reference voltage. The cathode electrodes of the organic
light emitting diodes of the pixel circuits may respectively
continue receiving the instances of the turn-off voltage and
remain turned off during the active period of the frame.

[0030] A light-emitting period of the frame immediately
may follow the active period of the frame. The cathode
electrodes of the organic light emitting diodes of the pixel
circuits may respectively receive instances of a turn-on
voltage during the light-emitting period. The third transis-
tors of the pixel circuits may respectively and simultane-
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ously receive further instances of the turn-on emission
control signal from the plurality of emission lines during the
light-emitting period.

[0031] At least one of the first period of the frame and the
light-emitting period of the frame may be shorter than the
active period of the frame.

[0032] The display device may operate in an afterimage
removal mode for a preset period after operating in a
power-saving drive mode and before operating in a normal
drive mode. Power consumption of the display device in the
power-saving drive mode may be lower than power con-
sumption of the display device in the normal drive mode.
Operations of the frame may be repeated for frames during
the preset period.

[0033] The display device may operate in an afterimage
removal mode for a preset period after operating in a
power-saving drive mode. Power consumption of the dis-
play device in the power-saving drive mode may be lower
than power consumption of the display device in a normal
drive mode. Operations of the frame may be repeated for one
of odd-numbered frames and even-numbered frames during
the preset period. At least some operations of the frame may
be not performed for the other of the odd-numbered frames
and the even-numbered frames during the preset period.
[0034] The first transistor and the third transistor may be
P-type transistors. The second transistor may be an N-type
transistor.

[0035] The display device may include a plurality of
sensing lines. Each of the pixel circuits may further include
a fourth transistor electrically connected to the anode elec-
trode of the organic light emitting diode and a sensing line
among the sensing lines.

[0036] The fourth transistor may be an N-type transistor.

[0037] The display device may further include a sensing
part electrically connected to the sensing lines and generat-
ing sensing data by analog-to-digital conversion of sensing
signals transmitted from the sensing lines.

[0038] An embodiment may be related to a method of
driving a display device. The display device may include a
plurality of data lines, a plurality of scan lines, and a
plurality of pixel circuits. Each of the pixel circuits may
include an organic light emitting diode, a first transistor, and
a second transistor. The method may include the following
steps: providing instances of a reference voltage through the
plurality of data lines to the second transistors of the pixel
circuits during a first period of a frame; simultaneously
providing instances of a turn-on scan signal through the
plurality of scan lines to the second transistors of the pixel
circuits to turn on the second transistors of the pixel circuits
during the first period of the frame; and applying instances
of a turn-off voltage to cathode electrodes of the organic
light emitting diodes of the pixel circuits to turn off the
organic light emitting diodes of the pixel circuits during the
first period of the frame.

[0039] The display device may further include a plurality
of emission lines. Each of the pixel circuits may further
include a third transistor electrically connected to the first
transistor and an emission line among the emission lines.
The method may further include simultaneously providing
instances of a turn-on emission control signal through the
plurality of emission lines to the third transistors of the pixel
circuits to turn on the third transistors of the pixel circuits
during the first period of the frame.
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[0040] The method of may further include the following
steps: providing data voltages through the plurality of data
lines to the second transistors during an active period of the
frame, wherein the active period immediately follows the
first period, and wherein at least one the data voltages may
be unequal to the reference voltage; and providing the
instances of the turn-off voltages to the cathode electrode of
the organic light emitting diodes of the pixel circuits during
the active period of the frame.

[0041] The method may further include the following
steps: providing instances of a turn-on voltage to the cathode
electrodes of the organic light emitting diodes of the pixel
circuits during a light-emitting period of the frame, wherein
the light-emitting period of the frame immediately follows
the active period of the frame; and simultaneously providing
instances of a turn-on emission control signal through the
plurality of emission lines to the third transistors of the pixel
circuits.

[0042] At least one of the first period of the frame and the
light-emitting period of the frame may be shorter than the
active period of the frame.

[0043] The display device may operate in an afterimage
removal mode for a preset period after operating in a
power-saving drive mode and before operating in a normal
drive mode. Power consumption of the display device in the
power-saving drive mode may be lower than power con-
sumption of the display device in the normal drive mode.
Operations of the frame may be repeated for frames during
the preset period.

[0044] The display device may operate in an afterimage
removal mode for a preset period after operating in a
power-saving drive mode. Power consumption of the dis-
play device in the power-saving drive mode may be lower
than power consumption of the display device in a normal
drive mode. Operations of the frame may be repeated for one
of odd-numbered frames and even-numbered frames during
the preset period. At least some operations of the frame may
be not performed for the other of the odd-numbered frames
and the even-numbered frames during the preset period.
[0045] The first transistor and the third transistor may be
P-type transistors. The second transistor may be an N-type
transistor.

[0046] According to embodiments, an afterimage may be
eliminated by initializing a threshold voltage and applying
the simultaneous light-emitting mode when the drive mode
of adisplay device is switched from a low-power drive mode
to a normal drive mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1 is a block diagram illustrating a display
device according to one embodiment.

[0048] FIG. 2 is an equivalent circuit diagram illustrating
a pixel circuit of the display device shown in FIG. 1
according to one embodiment.

[0049] FIG. 3 is a flowchart illustrating a method of
driving a display device according to one embodiment.
[0050] FIG. 4A, FIG. 4B, and FIG. 4C are waveform
diagrams illustrating a method of driving a display device
according to one embodiment.

[0051] FIG. 5 is a flowchart illustrating a method of
driving a display device according to one embodiment.
[0052] FIG. 6A and FIG. 6B are waveform diagrams
illustrating a method of driving a display device according
to one embodiment.
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DETAILED DESCRIPTION

[0053] Example embodiments are explained with refer-
ence to the accompanying drawings. Although the terms
“first,” “second,” etc. may be used herein to describe various
elements, these elements, should not be limited by these
terms. These terms may be used to distinguish one element
from another element. Thus, a first element may be termed
a second element without departing from teachings of one or
more embodiments. The description of an element as a
“first” element may not require or imply the presence of a
second element or other elements. The terms “first,” “sec-
ond,” etc. may also be used herein to differentiate different
categories or sets of elements. For conciseness, the terms
“first,” “second,” etc. may represent “first-type (or first-set),
” “second-type (or second-set),” etc., respectively. The term
“connect” may mean “electrically connect.”

[0054] FIG. 1 is a block diagram illustrating a display
device according to one embodiment.

[0055] Referring to FIG. 1, the display device may include
a display panel 110, a timing controller 120, a voltage
generator 130, a data driver 141, a sensing part 145, a scan
driver 150, and an emission driver 160, each including
hardware, e.g., electric circuits.

[0056] The display panel 110 may include a plurality of
pixels P, a plurality of data lines DL, a plurality of sensing
lines SSL, a plurality of scan lines SL and a plurality of
emission control line EL. The pixels P may be arranged as
a matrix/array which includes a plurality of pixel rows and
a plurality of pixel columns. Each of the pixels P may
include an organic light emitting diode, a plurality of tran-
sistors, and at least one capacitor for driving the organic light
emitting diode. The pixel P may be connected to a data line
DL, a sensing line SSL, a scan line SL, and an emission
control line EL.

[0057] According to an embodiment, the pixel P may
include a transistor of a first type and a transistor of a second
type that is different from the first type. For example, the first
type of transistor may be a polysilicon thin film transistor.
For example, the first type of transistor may be a low
temperature polysilicon thin film transistor (LTPS). For
example, the second type of transistor may be an oxide thin
film transistor. For example, the first type of transistor may
be a P-type transistor and the second type of transistor may
be an N-type transistor.

[0058] The dataline DL is connected to the data driver 141
to transmit a data voltage to the pixel P.

[0059] The sensing line SSL is connected to the sensing
part 145 and transmits a sensing signal sensed at the pixel P
to the sensing part 145.

[0060] The scan line SL is connected to the scan driver
150 to transmit a scan signal to the pixels P.

[0061] The emission control line EL is connected to the
emission driver 160 and transmits an emission control signal
to the pixel P.

[0062] The timing controller 120 may control the overall
drive mode of the display device 1000. The timing controller
120 receives an image signal DATA and a control signal
CONT from an external device. The image signal DATA1
may include red, green and blue data. The control signal
CONT may include a horizontal synchronization signal
Hsync, a horizontal synchronization signal Vsync, and a
main clock signal MCLK.

[0063] The timing controller 120 converts the image sig-
nal DATA in accordance with specifications such as pixel
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structure and a resolution of the display panel 110, and
outputs image data DATA1 obtained by correcting the image
signal through various correction algorithms.

[0064] The timing controller 120 generates a first control
signal CONT1 for driving the data driver 141, a second
control signal CONT2 for driving the scan driver 150, and
a third control signal CONT3 for driving the emission driver
160 based on the control signal CONT.

[0065] The voltage generator 130 generates a plurality of
driving voltages using an external voltage. The plurality of
driving voltages s include a scan driving voltage SDV
provided to the scan driver 150, a light emitting driving
voltage EDV provided to the emission driver 160, and a
plurality of power source voltages ELVDD and ELVSS
provided to the display panel 110. The scan drive voltage
SDV may include a scan ON-voltage and a scan OFF-
voltage. The emission drive voltage EDV may include an
emission ON-voltage and an emission OFF-voltage. The
plurality of power source voltages may include a first power
source voltage ELVDD and a second power source voltage
ELVSS for driving the organic light emitting diodes of the
display panel 110.

[0066] According to an embodiment, the plurality of
power source voltages may further include a high level
second power source voltage ELVSS_H.

[0067] The data driver 141 converts the image data
DATAL1 into a data voltage in response to the first control
signal CONTT and outputs the data voltage to the data lines
DL.

[0068] The sensing part 145 may provide the timing
controller 120 with sensing data obtained by analog-to-
digital conversion of a sensing signal SENS sensed from the
pixels P during a sensing period. The timing controller 120
may correct the image data using the sensing data.

[0069] The scan driver 150 generates a plurality of scan
signals in response to the second control signal CONT2. The
second control signal CONT2 may include a scan start
signal and at least one clock signal.

[0070] The emission driver 160 generates a plurality of
emission control signals in response to the third control
signal CONT3. The third control signal CONT3 may include
an emission start signal and at least one clock signal.
[0071] According to an embodiment, the display device
1000 may be driven in a normal drive mode, a low-power
drive mode (with lower power consumption than the normal
drive mode), and an afterimage removal mode.

[0072] In the normal drive mode, the display device dis-
plays a normal image on the display panel 110 with a panel
drive frequency of, for example, 120 Hz.

[0073] In the low-power drive mode, when the image
displayed on the display panel 110 is a still image, or when
the display panel 110 operates in the always-on mode, the
display device displays frame images at one or more low
frequencies (e.g., lower than 120 Hz) on the display panel
110, in order to reduce power consumption.

[0074] In the afterimage removal mode, when the drive
mode is switched from the low-power drive mode to the
normal drive mode, the display device drives the display
panel 110 to remove an instantaneous afterimage corre-
sponding to the still image of the low-power drive mode.
[0075] A frame period of the afterimage removal mode
may include an initialization period for initializing a thresh-
old voltage, an active period for writing a (normal) image to
the display panel 110, and a simultaneous light-emitting
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period for simultaneously emitting a plurality of horizontal
lines/rows of the display panel 110.

[0076] FIG. 2 is an equivalent circuit diagram illustrating
a pixel circuit of the display device shown in FIG. 1
according to one embodiment.

[0077] Referring to FIGS. 1 and 2, the pixel P may include
a pixel circuit.
[0078] The pixel circuit may include a first transistor T1,

a second transistor T2, a third transistor T3, a storage
capacitor Cst, an organic light emitting diode OLED and a
fourth transistor T4.

[0079] The first transistor T1 may be a polysilicon thin
film transistor. The first transistor T1 may be a P-type thin
film transistor. The first transistor T1 may include a control
electrode connected to a first node N1, a first electrode
connected to the third transistor T3 and a second electrode
connected to a second node N2.

[0080] The second transistor T2 may be an oxide thin film
transistor. The second transistor T2 may be an N-type thin
film transistor. The second transistor T2 includes a control
electrode connected to the scan line SL, a first electrode
connected to the data line DL, and a second electrode
connected to the first node N1.

[0081] The third transistor T3 may be the polysilicon thin
film transistor. The third transistor T3 may be the P-type thin
film transistor. The third transistor T3 may be the P-type thin
film transistor. The third transistor T3 includes a control
electrode connected to the emission line EL, a first electrode
receiving the first power source voltage ELVDD and a
second electrode connected to the first electrode of the first
transistor T1.

[0082] The storage capacitor Cst includes a first electrode
connected to the first node N1 and a second electrode
receiving the first power source voltage ELVDD.

[0083] The organic light emitting diode OLED includes a
first electrode connected to the second electrode of the first
transistor T1 and a second electrode receiving the second
power source voltage ELVSS.

[0084] The fourth transistor T4 may be the oxide thin film
transistor. The fourth transistor T4 may be the N-type thin
film transistor. The fourth transistor T4 includes a control
electrode connected to the scan line SL, a first electrode
connected to the second node N2 and a second electrode
connected to the SSL.

[0085] In a method of displaying an image on the pixel
circuit, when the data voltage Vdata is applied to the data
line DL, and when the ON-voltage of the scan signal S is
applied to the control electrode of the second transistor T2,
the second transistor T2 is turned on, and the data voltage
Vdata is applied to the first node N1. The second transistor
T2 is an N-type transistor, and thus the high level may be an
ON-voltage. The data voltage Vdata applied to the first node
N1 is applied to the storage capacitor Cst.

[0086] The data voltage Vdata applied to the first node N1
is applied to the control electrode of the first transistor T1.
[0087] When the ON-voltage of the emission control
signal EM is applied to the third transistor T3, the third
transistor T3 is turned on, and a current flows between the
first power source ELVDD and the second power source
ELVSS. The third transistor T3 is a P-type transistor, and
thus the low level may be an ON-voltage.

[0088] The first transistor T1 is turned on based on the data
voltage Vdata stored in the storage capacitor Cst, and the
driving current according to the gate/source voltage Vgs of
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the first transistor T1 is applied to the anode electrode of the
organic light emitting diode OLED.

[0089] Accordingly, the organic light emitting diode
OLED may generate light of a grayscale corresponding to
the data voltage Vdata by a driving current corresponding to
the data voltage Vdata.

[0090] Inamethod of sensing at the pixel circuit, the pixel
circuit forms a sensing signal on the pixel circuit during the
sensing period and transmits the sensing signal to the
sensing part 145 through the sensing line SSL.

[0091] The sensing period may be preset to a power-off
period of the display device or a vertical blank period of an
image display period.

[0092] The reference voltage for forming the sensing
signal during the sensing period is applied to the data line
DL, and the ON-voltage of the scan signal is applied to the
second transistor T2 and the fourth transistor T4.

[0093] The second and fourth transistors T2 and T4 are
N-type transistors, and thus a high level is an ON-voltage.
[0094] When the second transistor T2 is turned on, the
reference voltage is applied to the first node N1, and the first
transistor T1 is turned on based on the reference voltage. The
driving current according to the gate/source voltage of the
first transistor T1 flows to the anode electrode of the organic
light emitting diode OLED, that is, the second node N2. The
fourth transistor T4 is turned on and the sensing signal
applied to the anode electrode of the organic light emitting
diode OLED is transmitted to the sensing part 145 disposed
outside the display panel 110 through the sensing line SSL.
[0095] FIG. 3 is a flowchart diagram illustrating a method
of driving a display device according to one embodiment.
FIGS. 4A to 4C are waveform diagrams illustrating a
method of driving a display device according to one embodi-
ment.

[0096] Referring to FIGS. 1, 2, 3, and 4A, the timing
controller 120 drives the data driver 141, the scan driver 150,
and the emission driver 160 at a panel drive frequency in a
normal drive mode to display a normal image on the display
panel 110 (Step S110). The panel drive frequency is, for
example, 120 Hz.

[0097] The frame period of the normal drive mode
includes the active period ACT, in which data voltages are
provided to the display panel, and at least one vertical blank
period VBI1 and VB2, in which no data voltage is provided
to the display panel.

[0098] The data driver 141 outputs data voltages D1, D2,
D3, ..., DN for a horizontal line (e.g., a pixel row) in the
active period ACT by a horizontal period and does not
output a data voltage during the vertical blank period VB1
and VB2. Where ‘N’ is the number of horizontal lines (i.e.,
the number of pixel rows) of the display panel.

[0099] The scan driver 150 outputs a scan signal S1, S2,
S3, . . ., having an ON-voltage HL corresponding to the
horizontal period 1H outputting the data voltage of the
horizontal line from the data driver 141 and an OFF-voltage
LL in the remaining period/time of the frame. The ON-
voltage HL of the scan signal has a high level to turn on the
second and fourth transistors T2 and T4, which are N-type
transistors of the pixel circuit. The ON period of the scan
signal with the ON-voltage HL may be less than or equal to
the horizontal period 1H.

[0100] The emission driver 160 outputs an emission con-
trol signal EM1, EM2, EM3, . . . having an OFF-voltage HL
corresponding to the horizontal period 1H in which the data
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voltage of the horizontal line is output from the data driver
141, and an ON-voltage LL during the remaining period/
time of the frame. The ON-voltage LL. of the emission
control signal has a low level to turn on the third transistor
T3 which is the P-type transistor of the pixel circuit, and the
OFF-voltage of the emission control signal has a high level
to turn off the third transistor T3. An ON period of the
emission control signal with the ON-voltage LL may be
longer than the horizontal period 1H.

[0101] As shown in FIG. 4A, in a first horizontal period
H1, the data voltage D1 of the first horizontal line is
outputted, the ON-voltage HL of the first scan signal Si
corresponding to the first horizontal line is outputted, and the
OFF-voltage HL of the first emission control signal EM1 is
outputted. Accordingly, the pixel circuit is applied with a
data voltage to the control electrode of the first transistor T1.
When the ON-voltage LL of the first emission control signal
EM1 is outputted, the first transistor T1 is turned on based
on the data voltage, and the driving current is applied to the
organic light emitting diode OLED. Thus, the first horizontal
line emits light.

[0102] Then, the data voltage D2 of the second horizontal
line is output, the ON-voltage HL of the second scan signal
S2 corresponding to the second horizontal line is outputted,
and the OFF-voltage HL of the second emission control
signal EM2 is outputted. Accordingly, the pixel circuit is
applied with a data voltage to the control electrode of the
first transistor T1. When the ON-voltage LL of the second
emission control signal EM2 is outputted, the first transistor
T1 is turned on based on the data voltage, and the driving
current is applied to the organic light emitting diode OLED.
Therefore, the second horizontal line emits light.

[0103] As described above, in the normal drive mode, the
plurality of horizontal lines of the display panel 110 may
display a normal image with a sequential light emitting
mode, in which the display device sequentially emits light.
[0104] When the drive mode of the display device is
switched to the low-power drive mode to conserve power
(Step S120), the display device displays a standby image on
the display panel 110 (Step S130). The standby image
includes images such as a still image, a clock image, a
weather image, etc. that have little or infrequent change.
[0105] Referring to FIG. 4B, in the low-power drive
mode, during a first frame period 1st Frame with 120 Hz of
the panel drive frequency, the data driver 141, the scan
driver 150, and the emission driver 160 display a standby
image on the display panel 110 with a sequential light
emitting mode.

[0106] For example, in the first frame period 1st Frame,
the data driver 141 outputs the data voltages D1, D2, D3, .
.., DN for a horizontal line by every horizontal period
during the active period ACT, and does not output a data
voltage during the vertical blank periods VB1 and VB2.
[0107] The scan driver 150 outputs scan signals S1, S2,
S3, . . ., having an ON-voltage HL. corresponding to a
horizontal period 1H outputting the data voltage of the
horizontal line from the data driver 141 and an OFF-voltage
LL in the remaining period/time of the frame.

[0108] The emission driver 160 outputs emission control
signal EM1, EM2, EM3, . . ., having an OFF-voltage HL
corresponding to the horizontal period 1H, in which the data
voltage of the horizontal line is output from the data driver
141, and an ON-voltage LL in the remaining period/time of
the frame.
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[0109] In the first frame period 1st Frame, the plurality of
horizontal lines of the display panel 110 may sequentially
display the standby image with a sequential light emitting
mode.

[0110] Second to 120-th frame periods (for example, a 2nd
Frame) with the panel drive frequency, for example, 120 Hz,
the timing controller 120 drives the data driver 141, the scan
driver 150, and the emission driver 160 to maintain the
standby image displayed on the display panel 110.

[0111] For example, the data driver 141 does not output a
data voltage, the scan driver 150 outputs an OFF-voltage LL
of a scan signal, and the emission driver 160 outputs an
ON-voltage LL of an emission control signal. Accordingly,
the pixel circuit maintains the data voltage stored in the
storage capacitor Cst in the first frame period during the
second to 120th frame periods (2nd to 120th frames, about
1 second). The standby image displayed on the display panel
110 may be maintained during the second to 120th frame
periods of 120 Hz.

[0112] As a result, the display panel 110 may have the
effect of driving at a panel frequency of 1 Hz as displayed
by a standby image of one frame per second. In the low-
power drive mode, the power consumption of the display
device may be reduced.

[0113] In an embodiment, when the driving mode is
switched from the low power driving mode to the normal
driving mode in accordance with the mode switching signal
such as a user selection (Step S140), the timing controller
120 derives the data driving part 141, the scan driver 150,
and the light emission driver 160 in the afterimage removal
mode during/for a preset period (step S150).

[0114] The preset period may be preset according to the
time during which the afterimage is visible when switching
from the low-power drive mode to the normal drive mode.
For example, when the time of the afterimage is 10 seconds,
the preset period may be set to about 6 seconds to about 8
seconds.

[0115] Referring to FIG. 4C, in the afterimage removal
mode, a frame period (corresponding to the panel drive
frequency, for example, 120 Hz) may include an initializa-
tion period INP, an active period ACT, and a simultaneous
light-emitting period SEP.

[0116] In the initialization period INP, the data driver 141
outputs (instances of) a reference voltage Vref to the data
line(s) to initialize a threshold voltage of the first transistor
(s) T1 of the pixel circuit(s). The reference voltage Vref may
be the lowest level data voltage of the available data
voltages. For example, the reference voltage Vref may be a
white-level data voltage.

[0117] The scan driver 150 simultaneously outputs (in-
stances of) the ON-voltage HL of the scan signal to the
plurality of scan lines during the initialization period INP
during which the data driver 140 outputs the reference
voltage Vref.

[0118] The emission driver 160 outputs the ON-voltage
LL of the emission control signal to a plurality of emission
lines.

[0119] Accordingly, the threshold voltage of the first tran-
sistor T1 of the pixel circuit at the initialization period INP
may be initialized by the reference voltage Vref. The first
transistor T1 may initialize the shifted threshold voltage as
the still image is displayed for a long time in the low-power
drive mode.
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[0120] According to an embodiment, in the initialization
period INP, the second power source voltage ELVSS_H of
high level is applied to the display panel 110. The second
power source voltage of the high level, ELVSS_H, may be
preset to a level that prevents current from flowing through
the organic light emitting diode OLED.

[0121] Accordingly, even when the third transistor T3 is
turned on, current may be prevented from flowing to the
organic light emitting diode OLED by the second level
power source BELVSS_H. The organic light emitting diode
does not emit light because no driving current is applied to
the OLED.

[0122] In the active period ACT. the data driver 141
outputs data voltages D1, D2, D3, . .., DN for a horizontal
line.

[0123] The scan driver 150 outputs the scan signals S1,
S2, S3, ... having an ON-voltage HL corresponding to the
horizontal period 1H in which the data voltage of the
horizontal line is outputted from the data driver 141. The
second transistor T2 of the pixel circuit is turned on so that
the data voltage may be applied to the control electrode of
the first transistor T1.

[0124] According to an embodiment, in the active period
ACT, a high level second power source voltage ELVSS_H
is applied to the display panel 110. The second power source
voltage of the high level ELVSS_H, may be preset to a level
that prevents current from flowing through the organic light
emitting diode OLED.

[0125] Accordingly, even when the third transistor T3 is
turned on, the organic light emitting diode OLED does not
emit light because the current is not applied to the OLED by
the second power source voltage ELVSS_H of high level.

[0126] In the simultaneous light-emitting period SEP, the
data driver 141 does not output a data voltage.

[0127] The scan driver 150 simultaneously outputs (in-
stances of) the OFF-voltage LL of the scan signal to the
plurality of scan lines.

[0128] The emission driver 160 outputs (instances of) the
ON-voltage LL of the emission control signal to a plurality
of emission lines.

[0129] According to an embodiment, in the simultaneous
light-emitting period SEP, the display panel 110 is applied
with a second power source voltage ELVSS lower than the
first power source voltage ELVDD.

[0130] Accordingly, when the ON-voltage LL of the emis-
sion control signal is applied to the third transistor T3 to turn
on, a current flows between the first power source voltage
ELVDD and the second power source voltage ELVSS. The
first transistor T1 is turned on based on the data voltage, and
the driving current according to the gate-source voltage Vgs
of the first transistor T1 flows to the anode electrode of the
organic light emitting diode OLED.

[0131] Therefore, the plurality of horizontal lines (i.e.,
pixel rows) of the display panel 110 may simultaneously
display a normal image in a normal drive mode using a
simultaneous light-emitting mode.

[0132] The display device is driven in the afterimage
removal mode for a preset period, for example, for a length
in a range of 6 seconds to 8 seconds, and thereafter, as shown
in FIG. 4A, the display device displays the normal image in
the normal driving mode in which a frame period includes
an active period and at least one vertical blank period VB1
and VB2 (Step S160).
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[0133] According to an embodiment, the frame period of
the afterimage removal mode may include a threshold
voltage initialization period, a simultaneous light-emitting
period for simultaneously writing the data of the normal
image on the display panel, and an active period. The
instantaneous afterimage corresponding to the standby
image may be removed by driving the display device in the
afterimage removal mode for a preset period when switching
from the low power driving mode (for displaying a still
image) to the normal driving mode (for displaying the
normal image).

[0134] Hereinafter, same reference numerals may refer to
the same or like parts described above, and detailed expla-
nations may not be repeated.

[0135] FIG. 5 is a flowchart diagram illustrating a method
of driving a display device according to one embodiment.
FIGS. 6A and 6B are waveform diagrams illustrating a
method of driving a display device according to one embodi-
ment.

[0136] Referring to FIGS. 1, 2, 5, and 4A, the timing
controller 120 drives the data driver 141, the scan driver 150,
and the emission driver 160 at a panel drive frequency in a
normal drive mode to display a normal image on the display
panel 110 (Step S110). The panel drive frequency is, for
example, 120 Hz.

[0137] The frame period may include an active period
ACT and at least one vertical blank period VB1 and VB2.
[0138] The data driver 141 outputs data voltages D1, D2,
D3, ..., DN for a horizontal line (i.e., a pixel row) in the
active period ACT by a horizontal period and does not
output a data voltage during the vertical blank period VB1
and VB2. Where, ‘N’ is the number of horizontal lines of the
display panel.

[0139] The scan driver 150 outputs a scan signal S1, S2,
S3, . .., having an ON-voltage HL, corresponding to the
horizontal period 1H outputting the data voltage of the
horizontal line from the data driver 141 and an OFF-voltage
LL in the remaining period/time of the frame.

[0140] The emission driver 160 outputs an emission con-
trol signal EM1, EM2, EM3, . . . having an OFF-voltage HL.
corresponding to the horizontal period 1H in which the data
voltage of the horizontal line is output from the data driver
141, and an ON-voltage LL during the remaining period of
the frame.

[0141] As shown in FIG. 4A, in the normal drive mode,
the plurality of horizontal lines of the display panel 110 may
sequentially emit light to display a normal image.

[0142] When the drive mode of the display device is
switched to the low-power drive mode to conserve power
(Step S120), the display device displays a standby image on
the display panel 110 (Step S130).

[0143] Referring to FIG. 4B, in the low-power drive
mode, during a first frame period 1st Frame with 120 Hz of
the panel drive frequency, the data driver 141, the scan
driver 150, and the emission driver 160 display a standby
image on the display panel 110 with a sequential light
emitting mode.

[0144] Second to 120-th frame periods (for example, a 2nd
Frame) with the panel drive frequency, for example, 120 Hz,
the timing controller 120 drives the data driver 141, the scan
driver 150 and the emission driver 160 to maintain the
standby image displayed on the display panel 110. For
example, the data driver 141 does not output a data voltage,
the scan driver 150 outputs an OFF-voltage LL of a scan
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signal, and the emission driver 160 outputs an ON-voltage
LL of an emission control signal. Accordingly, the pixel
circuit maintains the data voltage stored in the storage
capacitor Cst in the first frame period during the second to
120th frame periods (2nd to 120th frames, about 1 second).
The standby image displayed on the display panel 110 may
be maintained during the second to 120-th frame periods of
120 Hz.

[0145] The display panel 110 may have the effect of
driving at a panel frequency of 1 Hz as displayed by a
standby image of one frame per second. In the low-power
drive mode, the power consumption of the display device
may be reduced.

[0146] When the driving mode is switched from the low
power driving mode to the normal driving mode in accor-
dance with the mode switching signal such as a user selec-
tion (Step S140), the timing controller 120 alternately drives
the data driver 141, the scan driver 150, and the light
emission driver 160 by every frame in a normal drive mode
and afterimage removal mode during/for a preset period
(Steps S251 and S253).

[0147] Referring to FIG. 6A, the timing controller 120
displays a normal image on the display panel 110 in the
normal image mode during an odd numbered frame period
of the panel drive frequency.

[0148] For example, the odd numbered frame period of
120 Hz includes an active period ACT and at least one
vertical blank period VB1 and VB2.

[0149] The data driver 141 outputs data voltages D1, D2,
D3, ..., DN for a horizontal line in the active period ACT
by a horizontal period and does not output a data voltage
during the vertical blank period VB1 and VB2. The scan
driver 150 outputs a scan signal S1, 82, 83, . . ., having an
ON-voltage HL corresponding to the horizontal period 1H
outputting the data voltage of the horizontal line from the
data driver 141 and an OFF-voltage LL in the remaining
period/time of the frame. The emission driver 160 outputs an
emission control signal EM1, EM2, EM3, . . . having an
OFF-voltage HL corresponding to the horizontal period 1H
in which the data voltage of the horizontal line is output
from the data driver 141, and an ON-voltage LL during the
remaining period/time of the frame. In the odd numbered
frame period, the plurality of horizontal lines of the display
panel 110 may display a normal image with a sequential
light emitting mode (Step S251).

[0150] Referring to FIG. 6B, the timing controller 120
drives a normal image on the display panel 110 in an
afterimage removal mode during an even numbered frame
period of the panel drive frequency.

[0151] For example, the even numbered frame period of
120 Hz may include an initialization period INP, an active
period ACT, and a simultaneous light-emitting period SEP.

[0152] In the initialization period INP, the data driver 141
outputs (instances of) a reference voltage Vref to the data
line(s) for initializing the threshold voltage. The scan driver
150 simultaneously outputs (instances of) the ON-voltage
HL of the scan signal to the plurality of scan lines. The
emission driver 160 outputs (instances of) the

[0153] ON-voltage LL of the emission control signal to a
plurality of emission lines. The display panel 110 is supplied
with a high level second power source voltage ELVSS_H.
The second power source voltage of the high level
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ELVSS_H may be preset to a level that prevents current
from flowing through the organic light emitting diode
OLED.

[0154] Therefore, in the initialization period INP, the
threshold voltage of the first transistor T1 of the pixel circuit
is initialized by the reference voltage Vref, and the organic
light emitting diode OLED does not emit light.

[0155] In the active period ACT, the data driver 141
outputs data voltages D1, D2, D3, . . ., DN for a horizontal
line. The scan driver 150 outputs the scan signals S1, S2, S3,
. . ., having an ON-voltage HL corresponding to the
horizontal period 1H in which the data voltage of the
horizontal line is outputted from the data driver 141. The
display panel 110 is supplied with a high level second power
source voltage ELVSS_H. The second power source voltage
of the high level ELVSS_H may be preset to a level that
prevents current from flowing through the organic light
emitting diode OLED. The second transistor T2 of the pixel
circuit is turned on so that the data voltage is applied to the
control electrode of the first transistor T1 and the organic
light emitting diode OLED does not emit light.

[0156] In the simultaneous light-emitting period SEP, the
data driver 141 does not output a data voltage. The scan
driver 150 simultaneously outputs (instances of) the OFF-
voltage LL of the scan signal to the plurality of scan lines.
The emission driver 160 outputs (instances of) the ON-
voltage LL of the emission control signal to a plurality of
emission lines.

[0157] Thus, the third transistor T3 is turned on, the first
transistor T1 is turned on based on the data voltage, and the
driving current according to the gate/source voltage Vgs of
the first transistor T1 is applied to the anode electrode of the
OLED of the organic light emitting diode OLED. Therefore,
in the even numbered frame period, the display panel 110
may display a normal image by simultaneously emitting a
plurality of horizontal lines (Step S253).

[0158] In the preset period, for example, a period in a
range of 6 second to 8 second, the display device is driven
in the normal drive mode during the odd numbered frame
period and is driven in the afterimage removal mode during
the even numbered frame period, and thus the instantaneous
afterimage may be removed.

[0159] After the preset period, as shown in FIG. 4A, the
display device displays the normal image in the normal
driving mode in which a frame period includes an active
period and at least one vertical blank period VB1 and VB2
(Step S160).

[0160] According to the embodiments, the instantaneous
afterimage may be eliminated by initializing the threshold
voltage and applying the simultaneous light-emitting mode
when the drive mode is switched from the low-power drive
mode to the normal drive mode.

[0161] An embodiment may be applied to a display device
and/or an electronic device having the display device. For
example, embodiments may be applied to a computer moni-
tor, a laptop, a digital camera, a cellular phone, a smart
phone, a smart pad, a television, a personal digital assistant
(PDA), a portable multimedia player (PMP), a MP3 player,
a navigation system, a game console, a video phone, etc.
[0162] The foregoing is illustrative and is not limiting.
Although example embodiments have been described, many
modifications are possible in the described embodiments
without materially departing from the scope defined in the
claims.
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What is claimed is:

1. A display device comprising:

a plurality of data lines;

a plurality of scan lines electrically insulated from the

plurality of data lines; and

a plurality of pixel circuits, each of the pixel circuits

comprising an organic light emitting diode, a first
transistor, and a second transistor,
wherein the first transistor is electrically connected to an
anode electrode of the organic light emitting diode,

wherein the second transistor is electrically connected to
the first transistor, a scan line among the scan lines, and
a data line among the data lines,

wherein the second transistors of the pixel circuits are
configured to respectively receive instances of a refer-
ence voltage from the plurality of data lines during a
first period of a frame,

wherein the second transistors of the pixel circuits are

configured to respectively and simultaneously receive
instances of a turn-on scan signal from the plurality of
scan lines and turn on during the first period of the
frame, and

wherein cathode electrodes of the organic light emitting

diodes of the pixel circuits are configured to respec-
tively receive instances of a turn-off voltage for the
organic light emitting diodes of the pixel circuits to turn
off during the first period of the frame.

2. The display device of claim 1, comprising: a plurality
of emission lines,

wherein each of the pixel circuits further comprises a third

transistor electrically connected to the first transistor
and an emission line among the emission lines.

3. The display device of claim 2, wherein the third
transistors of the pixel circuits are configured to respectively
and simultaneously receive instances of a turn-on emission
control signal from the plurality of emission lines and turn
on during the first period of the frame.

4. The display device of claim 2,

wherein an active period of the frame immediately fol-

lows the first period of the frame,

wherein the second transistors of the pixel circuits are

configured to respectively receive data voltages from
the plurality of data lines during the active period of the
frame,

wherein at least one the data voltages is unequal to the

reference voltage,

wherein the cathode electrodes of the organic light emit-

ting diodes of the pixel circuits are configured to
respectively continue receiving the instances of the
turn-off voltage and remain turned off during the active
period of the frame.

5. The display device of claim 4,

wherein a light-emitting period of the frame immediately

follows the active period of the frame,

wherein the cathode electrodes of the organic light emit-

ting diodes of the pixel circuits are configured to
respectively receive instances of a turn-on voltage
during the light-emitting period, and

wherein the third transistors of the pixel circuits are

configured to respectively and simultaneously receive
further instances of the turn-on emission control signal
from the plurality of emission lines during the light-
emitting period.
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6. The display device of claim 4, wherein at least one of
the first period of the frame and the light-emitting period of
the frame is shorter than the active period of the frame.

7. The display device of claim 5,

wherein the display device is configured to operate in an

afterimage removal mode for a preset period after
operating in a power-saving drive mode and before
operating in a normal drive mode,

wherein power consumption of the display device in the

power-saving drive mode is lower than power con-
sumption of the display device in the normal drive
mode, and

wherein operations of the frame are repeated for frames

during the preset period.

8. The display device of claim 5,

wherein the display device is configured to operate in an

afterimage removal mode for a preset period after
operating in a power-saving drive mode,
wherein power consumption of the display device in the
power-saving drive mode is lower than power con-
sumption of the display device in a normal drive mode,

wherein operations of the frame are repeated for one of
odd-numbered frames and even-numbered frames dur-
ing the preset period, and

wherein at least some operations of the frame are not

performed for the other of the odd-numbered frames
and the even-numbered frames during the preset
period.

9. The display device of claim 2, wherein the first tran-
sistor and the third transistor are P-type transistors, and
wherein the second transistor is an N-type transistor.

10. The display device of claim 2, further comprising: a
plurality of sensing lines,

wherein each of the pixel circuits further comprises a

fourth transistor electrically connected to the anode
electrode of the organic light emitting diode and a
sensing line among the sensing lines.

11. The display device of claim 10, wherein the fourth
transistor is an N-type transistor.

12. The display device of claim 10, further comprising;

a sensing part electrically connected to the sensing lines

and generating sensing data by analog-to-digital con-
version of sensing signals transmitted from the sensing
lines.
13. A method of driving a display device, the display
device comprising a plurality of data lines, a plurality of
scan lines, and a plurality of pixel circuits, each of the pixel
circuits comprising an organic light emitting diode, a first
transistor, and a second transistor, the method comprising;
providing instances of a reference voltage through the
plurality of data lines to the second transistors of the
pixel circuits during a first period of a frame;

simultaneously providing instances of a turm-on scan
signal through the plurality of scan lines to the second
transistors of the pixel circuits to turn on the second
transistors of the pixel circuits during the first period of
the frame; and

applying instances of a turn-off voltage to cathode elec-

trodes of the organic light emitting diodes of the pixel
circuits to turn off the organic light emitting diodes of
the pixel circuits during the first period of the frame.
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14. The method of claim 13,

wherein the display device further comprises a plurality of

emission lines,
wherein each of the pixel circuits further comprises a third
transistor electrically connected to the first transistor
and an emission line among the emission lines,

wherein the method further comprises simultaneously
providing instances of a turn-on emission control signal
through the plurality of emission lines to the third
transistors of the pixel circuits to turn on the third
transistors of the pixel circuits during the first period of
the frame.
15. The method of claim 14, further comprising:
providing data voltages through the plurality of data lines
to the second transistors during an active period of the
frame, wherein the active period immediately follows
the first period, and wherein at least one the data
voltages is unequal to the reference voltage; and

providing the instances of the turn-off voltages to the
cathode electrode of the organic light emitting diodes
of the pixel circuits during the active period of the
frame.
16. The method of claim 14, further comprising:
providing instances of a turn-on voltage to the cathode
electrodes of the organic light emitting diodes of the
pixel circuits during a light-emitting period of the
frame, wherein the light-emitting period of the frame
immediately follows the active period of the frame; and

simultaneously providing instances of a turn-on emission
control signal through the plurality of emission lines to
the third transistors of the pixel circuits.

17. The method of claim 16, wherein at least one of the
first period of the frame and the light-emitting period of the
frame is shorter than the active period of the frame.

18. The method of claim 15,

wherein the display device is configured to operate in an

afterimage removal mode for a preset period after
operating in a power-saving drive mode and before
operating in a normal drive mode,

wherein power consumption of the power-saving drive

mode is lower than power consumption of the normal
drive mode, and

wherein operations of the frame are repeated for frames

during the preset period.

19. The method of claim 15, wherein the display device
is configured to operate in an afterimage removal mode for
a preset period after operating in a power-saving drive mode,

wherein power consumption of the power-saving drive

mode is lower than power consumption of a normal
drive mode,

wherein operations of the frame are repeated for one of

odd-numbered frames and even-numbered frames dur-
ing the preset period, and

wherein at least some operations of the frame are not

performed for the other of the odd-numbered frames
and the even-numbered frames during the preset
period.

20. The method of claim 14, wherein the first transistor
and the third transistor are P-type transistors, and wherein
the second transistor is an N-type transistor.
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