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(57) ABSTRACT

An organic light-emitting display device includes an organic
light-emitting display panel having a plurality of subpixels
connected to data lines and gate lines; a data driver driving
the data lines; and a gate driver driving the gate lines,
wherein the organic light-emitting display device has a first
mode having a first refresh rate and a second mode having
a second refresh rate that is lower than the first refresh rate,
the second mode having a first period and a second period
that is subsequent to the first period, and wherein, in the first
period of the second mode, the data driver subsequently
supplied data voltages to at least two of the plurality of
subpixels, and in the second period of the second mode, the
data driver supplies a specific voltage to the plurality of
subpixels, the specific voltage being the same as one of at
least two of the data voltages sequentially supplied to the at
least two subpixels.
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FIG.3
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ORGANIC LIGHT-EMITTING DISPLAY
PANEL, ORGANIC LIGHT-EMITTING
DISPLAY DEVICE, DATA DRIVER, AND
LOW POWER DRIVING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2016-0122424 filed on Sep. 23,
2016, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present disclosure relates to an organic light-
emitting display panel, an organic light-emitting display
device, a data driver, and a low power driving method.

Description of Related Art

[0003] Organic light-emitting devices, devices which have
come to prominence as next generation display devices,
have inherent merits, such as high response rates, high
luminous efliciency, high levels of luminance, and wide
viewing angles, since organic light-emitting diodes
(OLEDs) able to emit light by themselves are used therein.
[0004] In organic light-emitting display devices, subpixels
including OLEDs are arranged in the form of a matrix, and
the levels of brightness of subpixels, selected based on
scanning signals, are controlled depending on the gray
scales of data.

[0005] There is increasing user demand for a mode in
which simple text, a simple image, or the like, is displayed
for user convenience, even in a case in which, for example,
a user is not actively using an organic light-emitting display
device, no images are to be displayed on an organic light-
emitting display panel, or there are very few changes in
images.

[0006] However, since this mode is an operation mode
additionally provided for user convenience, instead of being
an operation mode for displaying essential images on the
screen, there is a restriction of low power consumption.

SUMMARY OF THE INVENTION

[0007] Various aspects of the present disclosure provide an
organic light-emitting display panel, an organic light-emit-
ting display device, a data driver, and a low power driving
method that can effectively provide a simple display mode
in which necessary information can be displayed for user
convenience.

[0008] Also provided are an organic light-emitting display
panel, an organic light-emitting display device, a data driver,
and a low power driving method that can simply realize a
simple display mode at a low level of power.

[0009] Also provided are an organic light-emitting display
panel, an organic light-emitting display device, a data driver,
and a low power driving method that can realize a simple
display mode at a low level of power and reduce flickering
in a simple display mode section.

[0010] According to an aspect, example embodiments
may provide an organic light-emitting display device that
can effectively display desirable information for user con-
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venience, operate with lower power, and prevent or reduce
flickering in a simple display mode section.

[0011] The organic light-emitting display device may
include: an organic light-emitting display panel including an
arrangement of a number of subpixels defined by a number
of data lines and a number of gate lines; a data driver driving
the number of data lines; and a gate driver driving the
number of gate lines.

[0012] In the organic light-emitting display device, each
of the number of subpixels may include: an organic light-
emitting diode; a driving transistor driving the organic
light-emitting diode; a switching transistor controlled by a
scanning signal applied to a gate node through a correspond-
ing gate line among the number of gate lines, the switching
transistor being electrically connected between a first node
of the driving transistor and a corresponding data line among
the number of data lines; and a storage capacitor electrically
connected between the first node and a second node of the
driving transistor.

[0013] In the organic light-emitting display device, when
switched to a simple display mode, the data driver may
supply a specific voltage to the data line after data voltages
are sequentially supplied to subpixels, among the number of
subpixels, connected to the data line.

[0014] The specific voltage may be identical to a data
voltage among the data voltages sequentially supplied to the
subpixels connected to the data line.

[0015] More specifically, the specific voltage may be
identical to a highest data voltage among the data voltages
supplied to the subpixels connected to the data line.
[0016] The specific voltage may be a data voltage applied
for displaying information in the simple display mode
section.

[0017] The data voltage applied for displaying informa-
tion in the simple display mode section may be, for example,
a white gray scale voltage.

[0018] The specific voltage may not be any voltage among
the data voltages sequentially supplied to the subpixels
connected to the data line but may be a randomly set voltage.
[0019] The specific voltage may be a voltage differing
from a data voltage among the data voltages sequentially
supplied to the subpixels connected to the data line by a
predetermined voltage.

[0020] The specific voltage may be a voltage differing
from a highest data voltage among the data voltages sequen-
tially supplied to the subpixels connected to the data line by
a predetermined voltage.

[0021] The set voltage may be a fixed value that is
constant during all driving or may be a variable value that is
variously set in each driving, in specific circumstances, or
for predetermined periods.

[0022] According to another aspect, example embodi-
ments may provide an organic light-emitting display panel
that can display desirable information for user convenience,
operate with lower power, and prevent or reduce flickering
in a simple display mode section.

[0023] In the organic light-emitting display panel, each of
the number of subpixels may include: an organic light-
emitting diode; a driving transistor driving the organic
light-emitting diode; a switching transistor controlled by a
scanning signal applied to a gate node through a correspond-
ing gate line among the number of gate lines, the switching
transistor being electrically connected between a first node
of the driving transistor and a corresponding data line among
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the number of data lines; and a storage capacitor electrically
connected between the first node and a second node of the
driving transistor.

[0024] In the organic light-emitting display panel, after
data voltages are sequentially supplied to the data line, a
specific voltage may be supplied to the data line. The
specific voltage may be identical to a data voltage among the
data voltages sequentially supplied to the data line or be a
randomly set voltage.

[0025] The specific voltage may be identical to a highest
data voltage among the data voltages supplied to subpixels,
among the number of subpixels, connected to the data line
or may be a voltage differing from the highest data voltage
by a predetermined voltage.

[0026] According to another aspect, example embodi-
ments may provide a data driver driving data lines provided
in an organic light-emitting display panel.

[0027] The data driver driving data may include: a latch
circuit storing input image data therein; a digital-to-analog
converter converting image data stored in the latch circuit
into analog data voltages; and an output buffer outputting the
data voltages to a data line.

[0028] In the data driver, after the data voltages are
sequentially output to the data line, a specific voltage may be
output to the data line.

[0029] The specific voltage may be identical to a data
voltage among the data voltages output to the data line or
may be a randomly set voltage.

[0030] The specific voltage may be identical to a highest
data voltage among the data voltages output to the data line
or may be a voltage differing from the highest data voltage
by a predetermined voltage.

[0031] According to another aspect, example embodi-
ments may provide a low voltage driving method of an
organic light-emitting display device.

[0032] The low voltage driving method may include:
sequentially outputting data voltages to a data line during a
first section; and outputting a specific voltage to the data line
during a second section after the first section.

[0033] The specific voltage may be identical to a data
voltage among the data voltages output to the data line
during the first section or may be a randomly set voltage.
More specifically, the specific voltage may be identical to a
highest data voltage among the data voltages output to the
data line during the first section or may be a voltage differing
from the highest data voltage by a predetermined voltage.
[0034] According to the present disclosure as set forth
above, example embodiments can provide an organic light-
emitting display panel, an organic light-emitting display
device, a data driver, and a low power driving method that
can effectively realize a simple display mode in which
necessary information can be displayed for user conve-
nience.

[0035] In addition, example embodiments can provide an
organic light-emitting display panel, an organic light-emit-
ting display device, a data driver, and a low power driving
method that can siniply realize a simple display mode at a
low level of power.

[0036] According to an aspect, example embodiments
may provide an organic light-emitting display device includ-
ing an organic light-emitting display panel having a plurality
of subpixels connected to data lines and gate lines; a data
driver configured to drive the data lines; and a gate driver
configured to drive the gate lines, wherein the organic
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light-emitting display device has a first mode having a first
refresh rate and a second mode having a second refresh rate
that is lower than the first refresh rate, the second mode
having a first period and a second period that is subsequent
to the first period, and wherein, in the first period of the
second mode, the data driver sequentially supplies data
voltages to at least two of the plurality of subpixels, and in
the second period of the second mode, the data driver
supplies a specific voltage to the plurality of subpixels, the
specific voltage being the same as one of at least two of the
data voltages sequentially supplied to the at least two
subpixels.

[0037] The second period may be a data holding period.
[0038] The specific voltage may be the same as the highest
voltage among the at least two of the data voltages supplied
to the at least two subpixels.

[0039] The at least two subpixels may have at least one of
a first luminance and a second luminance in the second
mode, the first luminance may be higher than the second
luminance, and the specific voltage may be supplied to one
of the at least two subpixels that have the first luminance.
[0040] While the data driver is supplying the specific
voltage to the data lines, the gate driver may supply scanning
signals of turn-off level voltages to the gate lines corre-
sponding to the at least two subpixels in the second period
of the second mode.

[0041] When the specific voltage is supplied to the data
lines, a leakage current need not be generated in a switching
transistor of at least one subpixel among the at least two
subpixels supplied with the specific voltage.

[0042] The specific voltage may be the same as a maxi-
mum of the at least two of the data voltages sequentially
supplied to the at least two subpixels.

[0043] The specific voltage may be the same as the one
data voltage that is supplied to the last of the at least two
subpixels.

[0044] The organic light-emitting display panel may dis-
play images or text with at most a specific number of colors
in a section of the second mode than the first mode.
[0045] The specific voltage may be supplied to the one of
the at least two subpixels having an easily perceptible
flicker.

[0046] The specific voltage may be supplied to the one of
the at least two subpixels having a greater leakage current.
[0047] According to an aspect, example embodiments
may provide a driving method for an organic light-emitting
display device using a first mode having a first refresh rate
and a second mode having a second refresh rate that is lower
than the first refresh rate, the second mode having a first
period and a second period that is subsequent to the first
period, the method including sequentially supplying data
voltages to at least two of a plurality of subpixels that are
connected to data lines and gate lines in the first period of the
second mode; and supplying a specific voltage to the plu-
rality of subpixels in the second period of the second mode,
the specific voltage being the same as one of at least two of
the data voltages sequentially supplied to the at least two
subpixels.

[0048] Furthermore, example embodiments can provide
an organic light-emitting display panel, an organic light-
emitting display device, a data driver, and a low power
driving method that can realize a simple display mode at a
low level of power and effectively prevent leakage current
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from being generated in the switching transistors in the
subpixels, thereby effectively reducing flickering in a simple
display mode section.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The above and other objects, features and advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description when taken in
conjunction with the accompanying drawings, in which:
[0050] FIG. 1 is a schematic configuration view illustrat-
ing an organic light-emitting display device according to
example embodiments;

[0051] FIG. 2 illustrates an example subpixel structure of
the organic light-emitting display device according to
example embodiments;

[0052] FIG. 3 is a state diagram illustrating the operating
modes of the organic light-emitting display device according
to example embodiments;

[0053] FIG. 4 illustrates an example image captured from
the screen in a simple display mode section of the organic
light-emitting display device according to example embodi-
ments;

[0054] FIG. 5 illustrates low power driving of the organic
light-emitting display device according to example embodi-
ments in a simple display mode;

[0055] FIG. 6 illustrates a first low power driving method
of the organic light-emitting display device according to
example embodiments in a simple display mode;

[0056] FIG. 7 illustrates a leakage current generated in the
first low power driving method of the organic light-emitting
display device according to example embodiments in the
simple display mode;

[0057] FIG. 8 is a graph illustrating decreases in lumi-
nance caused by the leakage current generated in the first
low power driving method of the organic light-emitting
display device according to example embodiments in the
simple display mode;

[0058] FIGS. 9 and 10 illustrate a second low power
driving method of the organic light-emitting display device
according to example embodiments in a simple display
mode;

[0059] FIG. 11 illustrates a case in which the leakage
current is effectively prevented by the second low power
driving method of the organic light-emitting display device
according to example embodiments in the simple mode;
[0060] FIG. 12 is a graph illustrating a flickering reducing
effect by the second low power driving method of the
organic light-emitting display device according to example
embodiments in the simple mode;

[0061] FIG. 13 is a block diagram illustrating the data
driver of the organic light-emitting display device according
to example embodiments;

[0062] FIG. 14 is a flowchart illustrating a low power
driving method of the organic light-emitting display device
according to example embodiments;

[0063] FIG. 15 illustrates changes in the position of an
information display area in a simple display mode section,
performed by the organic light-emitting display device
according to example embodiments; and

[0064] FIG. 16 illustrates another second low power driv-
ing method of the organic light-emitting display device
according to example embodiments in a simple display
mode.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0065] Hereinafter, reference will be made to embodi-
ments of the present disclosure in detail, examples of which
are illustrated in the accompanying drawings. Throughout
this document, reference should be made to the drawings, in
which the same reference numerals and symbols will be
used to designate the same or like components. In the
following description of the present disclosure, detailed
descriptions of known functions and components incorpo-
rated herein will be omitted in the case that the subject
matter of the present disclosure may be rendered unclear
thereby.

[0066] It will also be understood that, while terms such as
“first,” “second,” “A,” “B,” “(a),” and “(b)” may be used
herein to describe various elements, such terms are only
used to distinguish one element from another element. The
substance, sequence, order, or number of these elements is
not limited by these terms. It will be understood that when
an element is referred to as being “connected to” or “coupled
to” another element, not only can it be “directly connected
or coupled to” the other element, but it can also be “indi-
rectly connected or coupled to” the other element via an
“intervening” element. In the same context, it will be
understood that when an element is referred to as being
formed “on” or “under” another element, not only can it be
directly formed on or under another element, but it can also
be indirectly formed on or under another element via an
intervening element.

[0067] FIG. 1 is a schematic configuration view illustrat-
ing an organic light-emitting display device 100 according
to example embodiments.

[0068] Referring to FIG. 1, the organic light-emitting
display device 100 according to example embodiments
includes: an organic light-emitting display panel 110 on
which a number of data lines DL and a number of gate lines
GL are disposed and a number of subpixels SP defined by
the number of data lines DL and the number of gate lines GL
are arranged in the form of a matrix; a data driver 120
driving the number of data lines DL; a gate driver 130
driving the number of gate lines GL; and a controller 140
controlling the data driver 120 and the gate driver 130.
[0069] The controller 140 controls the data driver 120 and
the gate driver 130 by supplying a variety of control signals
to the data driver 120 and the gate driver 130.

[0070] The controller 140 starts scanning based on timing
realized by each frame, converts image data input from an
external source into a data signal format readable by the data
driver 120 before outputting the converted image data, and
regulates data processing at a suitable point in time in
response to the scanning.

[0071] The controller 140 may be a timing controller used
in the field of conventional displays or a control device
performing other control functions including the function as
the timing controller.

[0072] The controller 140 may be embodied as a compo-
nent separate from the data driver 120 or may be embodied
as an integrated circuit together with the data driver 120.
[0073] The data driver 120 drives the number of data lines
DL by supplying data voltages to the number of data lines
DL. Herein, the data driver 120 is also referred to as the
“source driver.”

[0074] The data driver 120 may be comprised of one or
more source driver integrated circuits (SDICs).
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[0075] Each of the SDICs may include, for example, a
shift register, a latch circuit, a digital-to-analog converter
(DAC), an output buffer, and the like.

[0076] Alternatively, each of the SDICs may further
include an analog to digital converter (ADC).

[0077] The gate driver 130 sequentially drives the number
of gate lines GL by sequentially supplying scanning signals
to the number of gate lines GL. Herein, the gate driver 130
is also referred to as the “scanning driver.”

[0078] The gate driver 130 may comprise one or more gate
driver integrated circuits (GDICs).

[0079] Each of the GDICs may include, for example, a
shift register, a level shifter, and the like.

[0080] The gate driver 130 sequentially supplies scanning
signals respectively having an on or off voltage to the
number of gate lines GL, under the control of the controller
140.

[0081] When a specific gate line among the number of
gate lines GL is opened by the gate driver 130, the data
driver 120 converts image data received from the controller
140 to analog data voltages and then supplies the analog data
voltages to the number of data lines DL.

[0082] As illustrated in FIG. 1, the data driver 120 may be
located on one side (e.g. above or below) of the organic
light-emitting display panel 110. Alternatively, the data
driver 120 may be located on both sides (e.g. above and
below) of the organic light-emitting display panel 110
depending on the driving system, the design of the panel,
and the like.

[0083] As illustrated in FIG. 1, the gate driver 130 may be
located on one side (e.g. to the right of left) of the organic
light-emitting display panel 110. Alternatively, the gate
driver 130 may be located on both sides (e.g. to the right and
left) of the organic light-emitting display panel 110 depend-
ing on the driving system, the design of the panel, and the
like.

[0084] The controller 140 receives a variety of timing
signals, including a vertical synchronization (Vsync) signal,
a horizontal synchronization (Hsync) signal, an input data
enable (DE) signal, and a clock signal, together with input
image data, from an external source (e.g. a host system).
[0085] The controller 140 generates a variety of control
signals by receiving a variety of timing signals, including a
Vsyne signal, an Hsync signal, an input DE signal, and a
clock signal, and outputs the variety of control signals to the
data driver 120 and the gate driver 130 to control the data
driver 120 and the gate driver 130.

[0086] For example, the controller 140 outputs a variety of
gate control signals (GCSs), including a gate start pulse
(GSP), a gate shift clock (GSC), and a gate output enable
(GOE) signal, to control the gate driver circuit 130.
[0087] Here, the GSP controls the operation start timing of
one or more GDICs of the gate driver 130. The GSC is a
clock signal commonly input to the one or more GDICs to
control the shift timing of a scanning signal (or a gate pulse).
The GOE signal designates the timing information of the
one or more GDICs.

[0088] In addition, the controller 140 outputs a variety of
data control signals (DCSs), including a source start pulse
(SSP), a source sampling clock (SSC), and a source output
enable (SOE) signal, to control the data driver 120.

[0089] Here, the SSP controls the data sampling start
timing of one or more SDICs of the data driver 120. The
SSC is a clock signal controlling the data sampling timing of
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each of the SDICs. The SOE signal controls the output
timing of the data driver 120.

[0090] Each of the subpixels SP arranged in the organic
light-emitting display panel 110 includes circuit elements,
such as an organic light-emitting diode (OLED) able to emit
light by itself and a driving transistor driving the OLED.
[0091] The types and number of the circuit elements of
each subpixel may be determined variously, depending on
the function and design of the subpixel.

[0092] FIG. 2 illustrates an example structure of the sub-
pixel SP of the organic light-emitting display device 100
according to example embodiments.

[0093] Referring to FIG. 2, in the organic light-emitting
display device 100 according to example embodiments, each
of the subpixels SP basically includes an OLED, a driving
transistor DRT driving the OLED, a switching transistor
SWT transferring a data voltage to a first node N1 corre-
sponding to a gate node of the driving transistor DRT, and
a storage capacitor Cst maintaining a data voltage corre-
sponding to an image signal voltage or a voltage correspond-
ing to the data voltage for a period of a single frame. The
OLED includes a first electrode (e.g. an anode or a cathode),
an organic layer, a second electrode (e.g. a cathode or an
anode), and the like.

[0094] A base voltage EVSS is applied to the second
electrode of the OLED. The driving transistor DRT drives
the OLED by supplying a driving current to the OLED. The
driving transistor includes a first node N1, a second node N2,
and a third node N3. The first node N1 of the driving
transistor DRT is a node corresponding to a gate node and
is electrically connected to a source node or a drain node of
the switching transistor SWT. The second node N2 of the
driving transistor DRT is electrically connected to a first
electrode of the OLED and is a source node or a drain node.
The third node N3 of the driving transistor DRT is a node to
which a driving voltage EVDD is applied. The third node N3
is electrically connected to a driving voltage line DVL
through which the driving voltage EVDD is supplied and is
a drain node or a source node.

[0095] The driving transistor DRT and the switching tran-
sistor SWT may be embodied as N-type transistors, as
illustrated in FIG. 2, or may be embodied as P-type tran-
sistors.

[0096] The switching transistor SWT is electrically con-
nected between a corresponding data line DL and the first
node N1 of the driving transistor DRT. The switching
transistor SWT can be controlled by a scanning signal
SCAN applied to the gate node through a corresponding gate
line.

[0097] The switching transistor SWT can be turned on by
a scanning signal SCAN to transfer a data voltage Vdata,
supplied from the data line DL, to the first node N1 of the
driving transistor DRT.

[0098] The storage capacitor Cst is electrically connected
between the first node N1 and the second node N2 of the
driving transistor DRT.

[0099] The storage capacitor Cst is not a parasitic capaci-
tor, e.g. Cgs or Cgd, i.e. an internal capacitor located
between the first node N1 and the second node N2 of the
driving transistor DRT, but is an external capacitor inten-
tionally designed to be located outside of the driving tran-
sistor DRT.

[0100] The subpixel structure illustrated in FIG. 1 is a
representative subpixel structure. Each of the subpixels
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having this structure may further include one or more
transistors and/or one or more capacitors.

[0101] FIG. 3 is a state diagram illustrating the operating
modes of the organic light-emitting display device 100
according to example embodiments, and FIG. 4 illustrates an
example image captured from the screen in a simple display
mode section of the organic light-emitting display device
100 according to example embodiments.

[0102] Referring to FIG. 3, the organic light-emitting
display device 100 according to example embodiments can
selectively operate in a normal display mode (e.g., a first
mode) to display typical images on the screen or in a simple
display mode (e.g., a second mode) to display a simple
image on the screen, instead of typical images.

[0103] Switching between the normal display mode and
the simple display mode can be triggered as a user manipu-
lates a button disposed on the organic light-emitting display
device 100 or touches a touchscreen panel disposed inside or
outside of the organic light-emitting display panel 110, or
alternatively, can be triggered at a point in time during mode
switching after a predetermined period of time set by a timer
has elapsed.

[0104] When mode switching is triggered as described
above, a control signal for instructing a specific operation
mode can be generated.

[0105] To operate the organic light-emitting display panel
110 at a frame rate corresponding to each operation mode in
response to the control signal, data driving by the data driver
120 and gate driving by the gate driver 130 are performed.
[0106] The organic light-emitting display device 100
according to example embodiments may be, for example, a
mobile terminal, such as a smartphone or a tablet computer,
a monitor of a computer or the like, or an image display
device, such as a television (TV).

[0107] The simple display mode of the organic light-
emitting display device 100 is a mode in which only a simple
text or a simple image is displayed for user convenience in
a case in which the user does not use the organic light-
emitting display device 100, in a case in which there is no
image to be displayed on the organic light-emitting display
device 100, or in a case in which there are very few changes
in images.

[0108] In a mobile terminal, such as a smartphone, the
normal display mode may be an operation mode for dis-
playing an unlocked screen (a screen that is generally used),
an operation mode for displaying a locked screen, or the like.
[0109] The simple display mode may be an operation
mode for displaying a specific piece of information in a
specific area of the screen while the remaining area of the
screen is displayed as black, instead of displaying an
unlocked screen (a normal screen) or a locked screen. The
simple display mode may also be referred to as a low power
mode or a standby mode.

[0110] However, the simple display mode must be
designed to minimize power consumption, since the simple
display mode is not an operation mode for displaying
essential images on the screen but is additionally provided
for user convenience.

[0111] That is, a significantly low amount of power must
be consumed in the simple display mode, as compared to the
normal display mode.

[0112] In this regard, in the simple display mode section,
the organic light-emitting display panel 110 can display at
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least one among images and text with, for example, a
specific number of, or fewer, colors (e.g. two to five colors,
including black and white).

[0113] Forexample, in the simple display mode section, at
least one piece of information regarding time, a date, a
calendar, or the like can be displayed on the organic light-
emitting display panel 110.

[0114] In this manner, in the simple display mode section,
it is possible to constantly display desirable information on
the organic light-emitting display panel 110 by expressing
limited colors on the organic light-emitting display panel
110 and only displaying a simple image or text on the
organic light-emitting display panel 110, thereby improving
user convenience while minimizing power consumption.
[0115] As described above, it is desirable for the simple
display mode to minimize power consumption, since the
simple display mode is an additional display mode provided
for user convenience.

[0116] In the simple display mode section, the organic
light-emitting display device 100 according to example
embodiments can drive the organic light-emitting display
panel 110 at a low refresh rate or a low frame rate to reduce
power consumption.

[0117] Hereinafter, a driving method in the simple display
mode section will be referred to as “low power driving” or
“low refract rate (LLR) driving.”

[0118] Briefly describing low power driving, in the simple
display mode section, the data driver 120 can output data
voltages at a restricted frequency rate, in response to a
control signal for instructing a simple display mode being
received from the controller 140.

[0119] In the above-described simple display mode sec-
tion, the gate driver can pause transmission of scanning
signals through specific gate lines, in response to the control
signal for instructing a simple display mode being received
from the controller 140.

[0120] The data driver 120 is configured to receive the
control signal for instructing a simple display mode from the
controller 140 and control the refresh rates of image con-
tents.

[0121] For example, when image contents are rapidly
changing image contents (e.g. video images), the controller
140 provides the data driver 120 with a control signal for
instructing a normal display mode, such that the data driver
120 processes image data at a predetermined normal refresh
rate.

[0122] Then, the data driver 120 outputs data voltages
Vdata at a general refresh rate. That is, pieces of image data
for each frame are processed for all frame sections.

[0123] In contrast, when image contents are still contents
(or slowly changing contents), the controller 140 provides
the data driver 120 with a control signal for instructing a
simple display mode.

[0124] In this case, the data driver 120 processes image
data at a refresh rate that is lower than a general refresh rate.
[0125] That is, refresh rates in all simple display mode
sections are lower than refresh rates in general display mode
sections.

[0126] In the simple display mode section, image data of
a single frame may be processed for a predetermined frame
section in which data voltages Vdata are set to be output at
a lower refresh rate.

[0127] In this regard, the data driver 120 performs normal
data processing only in a specific frame section (e.g., a first
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period of the second mode)), and subpixels are updated with
new data voltages Vdata only in the specific frame section
(e.g., a second period of the second mode). This can con-
sequently reduce the power consumption of the display
panel.

[0128] Hereinafter, low power driving in a simple display
mode section will be described in more detail. For the sake
of explanation, a case in which n number of subpixels . . .
, SP(n-2), SP(n-1), and SP(n) are connected to a single data
line DL will be taken by way of example.

[0129] FIG. 5 illustrates low power driving of the organic
light-emitting display device 100 according to example
embodiments in a simple display mode.

[0130] In the subpixels. .., SP(n-2), SP(n-1), and SP(n)
of the organic light-emitting display panel 110, data voltages
..., Vdata(n-2), Vdata(n-1), and Vdata(n) corresponding
to gray scale voltages for displaying an image are applied to
first nodes N1 of driving transistors DRT corresponding to
gate nodes, and switching transistors SWT are turned off to
hold the data voltages . . . , Vdata(n-2), Vdata(n-1), and
Vdata(n).

[0131] In adataholding section in which the data voltages
. . ., Vdata(n-2), Vdata(n-1), and Vdata (n) are held,
scanning signals . . ., SCAN(n-2), SCAN(n-1), and SCAN
(n) of turn-off level voltages Voff are supplied to the gate
lines . . ., GL(n-2), GL(n-1), and GL(n) to turn off the
switching transistors SWT.

[0132] In the data holding section of the simple mode
section (e.g., the second period of the second mode), the data
line DL has a voltage state of a specific voltage VLRR.
[0133] FIG. 6 illustrates a first low power driving method
of the organic light-emitting display device 100 according to
example embodiments in a simple display mode.

[0134] Referring to the first low power driving method of
the organic light-emitting display device 100 in the simple
display mode illustrated in FIG. 6, in a data holding section,
the data line DL has a voltage state of a specific voltage
VLRR corresponding to the data voltage Vdata(n) supplied
to the subpixel corresponding to the last gate line GL(n).
[0135] In the data holding section, differences in voltage
between the source nodes and the drain nodes of the switch-
ing transistors SWT of the subpixels . . ., SP(n-2), SP(n-1),
and SP(n) connected to the data line DL are determined by
the data voltages . . ., Vdata(n-2), Vdata(n-1), and Vdata(n)
applied to the gate nodes N1 of the driving transistors DRT
and the data voltage Vdata(n) supplied to the subpixel SP(n)
corresponding to the last gate line GL(n).

[0136] Thus, in the data holding section, there is a high
likelihood that a difference in voltage between the source
node and the drain node of the switching transistor SWT will
be present among the subpixels . . ., SP(n-2), and SP(n-1),
except for the subpixel SP(n), corresponding to the last gate
line GL(n).

[0137] FIG. 7 illustrates a leakage current loff generated in
the first low power driving method of the organic light-
emitting display device 100 according to example embodi-
ments in the simple display mode, and FIG. 8 is a graph
illustrating decreases in luminance caused by the leakage
current Ioff’ generated in the first low power driving method
of the organic light-emitting display device 100 according to
example embodiments in the simple display mode.

[0138] Referring to FIG. 7, according to the first low
power driving method, although the switching transistors
SWT are controlled to be turned off in the data holding
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section, a difference in voltage may be formed between the
source node and the drain node of each of the switching
transistors SWT, so that a leakage current may be generated
between the source node and the drain node of each of the
switching transistors SWT.

[0139] For example, after the data voltage Vdata(n-2)
corresponding to a white gray scale voltage Vw is applied to
the gate node N1 of the driving transistor DRT of the
subpixel SP(n-2), the data voltage Vdata(n-1) correspond-
ing to a white gray scale voltage Vw is applied to the gate
node N1 of the driving transistor DRT of the subpixel
SP(n-1), and the data voltage Vdata(n) corresponding to a
black gray scale voltage Vb is applied to the gate node N1
of the driving transistor DRT of the subpixel SP(n), the data
holding section follows.

[0140] In the data holding section, the data voltage Vdata
(n) supplied to the subpixel SP(n) connected to the last gate
line GL(n) is applied as a specific voltage VLRR to the data
line DL.

[0141] In the data holding section, although the switching
transistors SWT are controlled in an off state, a difference in
voltage Vw-Vb may be formed between the drain node and
the source node of each of the switching transistors SWT of
the subpixels SP(n-2) and SP(n-1), so that the leakage
current loff may be generated in the switching transistors
SWT.

[0142] When the leakage current Ioff is generated, the
voltages of the gate nodes N1 of the driving transistors DRT
are lowered.

[0143] This consequently reduces current flowing through
the driving transistor DRT, thereby reducing luminance. The
luminance reduced as described above may cause flickering,
such as screen blinking.

[0144] This phenomenon may become more evident as the
data holding section is longer, i.e. when the refresh rate is
lower.

[0145] Hereinafter, a second low power driving method
able to prevent flickering while reducing power consump-
tion in a simple display mode will be described.

[0146] FIGS. 9 and 10 illustrate a second low power
driving method of the organic light-emitting display device
100 according to example embodiments in a simple display
mode.

[0147] Referring to FIG. 9, in the organic light-emitting
display device 100 according to example embodiments,
when switched to a simple display mode, the data driver 120
can supply a specific voltage VLRR to the data line DL in
a data holding section, after data voltages . . ., Vdata(n-2),
Vdata(n-1), and Vdata(n) are sequentially supplied to the
subpixels . . ., SP(n-2), SP(n-1), and SP(n) connected to the
data line DL.

[0148] The specific voltage VLRR corresponds to a driv-
ing enable voltage having a low refresh rate (LRR), or an
LRR driving enable voltage, supplied to the data line DL in
the data holding section.

[0149] The specific voltage VLRR may be identical to one
data voltage among the data voltages . . . , Vdata(n-2),
Vdata(n-1), and Vdata(n) sequentially supplied to the sub-
pixels . . ., SP(n-2), SP(n-1), and SP(n) connected to the
data line DL.

[0150] As described above, in the simple mode section,
one data voltage selected from among the data voltages . . .
, Vdata(n-2), Vdata(n-1), and Vdata(n) sequentially sup-
plied to the subpixels . . ., SP(n-2), SP(n-1), and SP(n)



US 2018/0090073 A1

connected to the data line DL can be supplied to the data line
DL during the data holding section. whereby the specific
voltage VLRR corresponding to the LRR driving enable
voltage can be easily and simply set.

[0151] While the data driver 120 is supplying the specific
voltage VLRR to the data line DL, the gate driver 130 can
supply scanning signals . . ., SCAN(n-2), SCAN(n-1), and
SCAN(n) of turn-off level voltages Voff to the gate lines . .
., GL(n-2), GL(n-1), and GL(n) corresponding to the
subpixels . . ., SP(n-2), SP(n-1), and SP(n) connected to the
data line DL.

[0152] As described above, the switching transistors SWT
of the subpixels can be controlled to be in the off state in the
data holding section.

[0153] Referring to FIG. 9, the specific voltage VLRR
may be identical to a highest data voltage Max(Vdata(l), .
.., and Vdata(n))=Max Vdata among the data voltages . . .
, Vdata(n-2), Vdata(n-1), and Vdata(n) supplied to the
subpixels . . ., SP(n-2), SP(n-1), and SP(n) connected to the
data line DL.

[0154] Thus, in the subpixel to which the highest data
voltage Max Vdata is supplied, the difference in voltage
between both ends of the switching transistor SWT is
substantially zero (0), so that a leakage current is not
generated.

[0155] When the subpixel to which the highest data volt-
age Max Vdata outputs the highest level of luminance,
flickering may be most acutely recognized in the subpixel
when luminance is lowered, due to the leakage current.
[0156] The above-described feature can prevent the leak-
age current in the high luminance subpixel in which flick-
ering would otherwise be most acutely recognized. Thus,
flickering can be more efficiently reduced.

[0157] FIG. 11 illustrates a case in which the leakage
current Ioff is effectively prevented by the second low power
driving method of the organic light-emitting display device
100 according to example embodiments in the simple mode.
[0158] Referring to FIG. 11, when a specific voltage
VLRR=Max Vdata is supplied to the data line DL, the
leakage current Ioff is not generated in the switching tran-
sistor SWT in at least one subpixel SP(n-2) and/or SP(n-1)
among the subpixels . . . , SP(n-2), SP(n-1), and SP(n)
connected to the data line DL.

[0159] Thus, during the simple display mode section, in
the data holding section, it is possible to prevent luminance
from being lowered by the leakage current Ioff' in the at least
one subpixel SP(n-2) and/or SP(n-1).

[0160] In addition, in the subpixel (SP(n)) among the
subpixels . . ., SP(n-2), SP(n-1), and SP(n) connected to the
data line DL, except for the at least one subpixel SP(n-2)
and/or SP(n-1), the leakage current Toff may be generated in
the switching transistor SWT.

[0161] Thus, when the data voltages . . . , Vdata(n-2),
Vdata(n-1), and Vdata(n) are sequentially supplied to the
subpixels . . ., SP(n-2), SP(n-1), and SP(n) connected to the
data line DL before the supply of the specific voltage VLRR
to the data line DL, the data voltages Vdata(n-2) and
Vdata(n-1) supplied to the at least one subpixel SP(n-2)
and/or SP(n-1) are identical to the specific voltage VLRR,
and the data voltage Vdata(n) supplied to the other subpixel
SP(n) is lower than the specific voltage VLRR.

[0162] Inthis case, when the specific voltage VLRR=Max
Vdata is supplied to the data line DL, the at least one
subpixel SP(n-2) and/or SP(n-1), in which the leakage

Mar. 29, 2018

current Toff is not generated, among the subpixels . . .,
SP(n-2), SP(n-1), and SP(n) connected to the data line DL,
is the subpixel to which a data voltage Max Vdata (e.g. Max
Vdata=Vw) identical to the specific voltage VLRR was
supplied.

[0163] Thus, in the data holding section during the simple
display mode section, when the specific voltage
VLRR=Max Vdata is supplied to the data line DL, the
voltage difference Vds between both ends of the switching
transistor SWT of the at least one subpixel SP(n-2) and/or
SP(n-1), among the subpixels . . . , SP(n-2), SP(n-1), and
SP(n) connected to the data line DL, is substantially zero (0),
whereby the leakage current Ioff can be prevented from
being generated in the switching transistor SWT.

[0164] Referring to FIG. 11, when the data voltages . . .,
Vdata(n-2), Vdata(n-1), and Vdata(n) are sequentially sup-
plied to the subpixels . . ., SP(n-2), SP(n-1), and SP(n)
connected to the data line DL before the supply of the
specific voltage VLRR to the data line DL, the data voltage
Vdata(n-2) and/or Vdata(n—1) supplied to the at least one
subpixel SP(n-2) and/or SP(n-1) may be a data voltage for
displaying information in the simple display mode section.
[0165] For example, the data voltage for displaying infor-
mation in the simple display mode section may be a white
gray scale voltage Vw.

[0166] Thus, a leakage current can be prevented from
being generated in a subpixel in an information display area
having a white gray scale in which flickering would other-
wise be most acutely recognized. It is therefore possible to
more effectively reduce flickering.

[0167] FIG. 12 is a graph illustrating a flickering reducing
effect by the second low power driving method of the
organic light-emitting display device 100 according to
example embodiments in the simple mode.

[0168] Referring to FIG. 12, it can be appreciated that the
above-described second low power driving method signifi-
cantly reduces the lowering of luminance in a subpixel (e.g.
SP(n-2) or SP(n-1) illustrated in FIG. 11) included in the
information display area in which flickering may be more
acutely recognized due to the application of white gray scale
voltages.

[0169] In contrast, in a subpixel (e.g. SP(n) illustrated in
FIG. 11) corresponding to an information non-display area
to which black gray scale voltages are applied, the leakage
current loff is still generated by the second low power
driving method, so that luminance is lowered.

[0170] However, since the level of luminance of the
subpixel (e.g. SP(n)) corresponding to the information non-
display area to which black gray scale voltages are applied
is basically low, the luminance is not lowered to a significant
level, even in the case in which the leakage current Ioff is
generated in the switching transistor SWT. Thus, substan-
tially no flickering may be recognized or perceived.

[0171] Hereinafter, the data driver 120 for providing the
low power driving method in the simple display mode
section as described above will be briefly described.
[0172] FIG. 13 is a block diagram illustrating the data
driver 120 of the organic light-emitting display device 100
according to example embodiments.

[0173] Referring to FIG. 13, the data driver 120 of the
organic light-emitting display device 100 according to
example embodiments includes a latch circuit 130 storing
input image data therein, a digital-to-analog converter
(DAC) 1320 converting the image data stored in the latch
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circuit 1310 to analog data voltages Vdata, and an output
buffer 1330 outputting the data voltages Vdata to the data
line DL.

[0174] After data voltages . . . , Vdata(n-2), Vdata(n-1),
and Vdata(n) are sequentially output to the data line DL, the
data driver 120 can output a specific voltage VLRR to the
data line DL.

[0175] The specific voltage VLRR corresponds to an LRR
driving enable voltage. The specific voltage VLRR may be
one data voltage among data voltages . . . , Vdata(n-2),
Vdata(n-1), and Vdata(n) output to the data line DL.
[0176] The use of the above-described data driver 120 can
reduce power consumption by simply realizing LRR driving
in the simple display mode section.

[0177] The above-described specific voltage VLRR may
be the highest data voltage among the data voltages . . .,
Vdata(n-2), Vdata(n-1), and Vdata(n) output to the data line
DL during a first section.

[0178] This can consequently prevent the leakage current
in a high-luminance subpixel in which flickering is most
acutely recognizable, thereby more effectively reducing
flickering.

[0179] FIG. 14 is a flowchart illustrating a low power
driving method of the organic light-emitting display device
100 according to example embodiments.

[0180] Referring to FIG. 14, the low power driving
method of the organic light-emitting display device 100
according to example embodiments includes: an operation
S1410 of sequentially outputting data voltages . . ., Vdata
(n-2), Vdata(n-1), and Vdata(n) to a data line DL during a
first section; and an operation S1420 of outputting a specific
voltage VLRR to the data line DL during a second section
after the first section.

[0181] The first section and the second section described
above are sections included in the simple display mode
section. The first section is the section during which data
voltages are supplied to display information, while the
second section corresponds to the data holding section
during which supplied data voltages are held.

[0182] The specific voltage VLRR as described above
may be one data voltage among the data voltages . . .,
Vdata(n-2), Vdata(n-1), and Vdata(n) output to the data line
DL during the first section.

[0183] The use of the driving method as described above
can reduce power consumption by easily and simply real-
izing LRR driving while providing user convenience by only
displaying information required for the simple display mode
section.

[0184] The specific voltage VLRR as described above
may be the highest data voltage among the data voltages . .
., Vdata(n-2), Vdata(n-1), and Vdata(n) output to the data
line DL during the first section.

[0185] This can consequently prevent the leakage current
in a high-luminance subpixel in which flickering may be
most acutely recognized, thereby more effectively reducing
flickering.

[0186] FIG. 15 illustrates changes in the position of an
information display area in a simple display mode section,
performed by the organic light-emitting display device 100
according to example embodiments.

[0187] Referring to FIG. 15, the position of the informa-
tion display area (e.g. an area in which information regard-
ing time, a date, a calendar, or the like is displayed) in the

Mar. 29, 2018

simple display mode section may change over time,
although the position of the information display area can be
fixed.

[0188] Above-described changes in the position of the
information display area in the simple display mode section
can reduce variations in driving time among the circuit
elements (e.g. the OLED, the driving transistor DRT, or the
like), thereby reducing variations in the degree of deterio-
ration among the subpixels. This can consequently reduce
variations in luminance among the subpixels while ensuring
the circuit elements have uniform lifetimes.

[0189] In addition, the form of information displayed in
the information display area (e.g. an area in which informa-
tion regarding time, a date, a calendar, or the like is
displayed) in the simple display mode section may be varied.
[0190] For example, a digital clock may be displayed after
an analog clock has been displayed.

[0191] FIG. 16 illustrates another second low power driv-
ing method of the organic light-emitting display device 100
according to example embodiments in a simple display
mode.

[0192] Referring to FIG. 16, in the organic light-emitting
display device 100 according to example embodiments,
when switching to the simple display mode, the data driver
120 can supply a specific voltage VLRR to the data line DL
in a data holding section after data voltages . . ., Vdata(n-2),
Vdata(n-1), and Vdata(n) are sequentially supplied to the
subpixels . . ., SP(n-2), SP(n-1), and SP(n) connected to the
data line DL.

[0193] Here, the specific voltage VLRR may be a voltage
corresponding to an LRR driving enable voltage supplied to
the data line DL in the data holding section, and may not be
identical to any data voltage among the data voltages . . .,
Vdata(n-2), Vdata(n-1), and Vdata (n) sequentially sup-
plied to the subpixels . . ., SP(n-2), SP(n-1), and SP(n)
connected to the data line DL.

[0194] Referring to FIG. 16, the specific voltage VLRR
may be a randomly set voltage Vset to effectively prevent
flickering by effectively preventing the leakage current.
[0195] Here, the set voltage Vset may be an approximate
voltage that differs by a predetermined voltage value from
one data voltage among the data voltages . . . , Vdata(n-2),
Vdata(n-1), and Vdata(n) sequentially supplied to the sub-
pixels . . ., SP(n-2), SP(n-1), and SP(n) connected to the
data line DL.

[0196] For example, the set voltage Vset may have an
approximate voltage value differing by a predetermined
voltage value from that of one data voltage among the data
voltages . . . , Vdata(n-2), Vdata(n-1), and Vdata(n) sequen-
tially supplied to the subpixels . . . , SP(n-2), SP(n-1), and
SP(n) connected to the data line DL.

[0197] In addition, the set voltage Vset, which may be a
specific voltage VLRR, may be a fixed value that is constant
during all driving or may be a variable value that is variously
set in each driving, in specific circumstances, or for prede-
termined periods.

[0198] As described above, the second low power driving
method uses the set voltage Vset as the specific voltage
VLRR corresponding to the LRR driving enable voltage
instead of selecting one data voltage among the data volt-
ages . . ., Vdata(n-2), Vdata(n-1), and Vdata(n) sequen-
tially supplied to the subpixels . . ., SP(n-2), SP(n-1), and
SP(n) connected to the data line DL. It is thereby possible to
effectively prevent the leakage current Ioff from being
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generated in the switching transistor SWT and effectively
prevent resultant flickering by considering the characteris-
tics of data voltages supplied to the subpixels or the circuit
characteristics or the panel characteristics of the switching
transistor SWT or the like.

[0199] As set forth above, according to example embodi-
ments, the organic light-emitting display panel 110, the
organic light-emitting display device 100, the data driver
120, and the low power driving method can effectively
realize a simple display mode in which necessary informa-
tion can be displayed for user convenience.

[0200] According to example embodiments, the organic
light-emitting display panel 110, the organic light-emitting
display device 100, the data driver 120, and the low power
driving method can simply realize a simple display mode at
a low level of power.

[0201] In addition, according to example embodiments,
the organic light-emitting display panel 110, the organic
light-emitting display device 100, the data driver 120, and
the low power driving method can realize a simple display
mode at a low level of power and effectively prevent the
leakage current from being generated in the switching
transistors SWT in the subpixels, thereby effectively reduc-
ing flickering in a simple display mode section.

[0202] The foregoing descriptions and the accompanying
drawings have been presented in order to explain the certain
principles of the present disclosure. A person skilled in the
art to which the disclosure relates could make many modi-
fications and variations by combining, dividing, substituting
for, or changing the elements without departing from the
principle of the disclosure. The foregoing embodiments
disclosed herein shall be interpreted as illustrative only but
not as limitative of the principle and scope of the disclosure.
It should be understood that the scope of the disclosure shall
be defined by the appended Claims and all of their equiva-
lents fall within the scope of the disclosure.

What is claimed is:

1. An organic light-emitting display device comprising:

an organic light-emitting display panel having a plurality

of subpixels connected to data lines and gate lines;

a data driver configured to drive the data lines; and

a gate driver configured to drive the gate lines,

wherein the organic light-emitting display device has a

first mode having a first refresh rate and a second mode
having a second refresh rate that is lower than the first
refresh rate, the second mode having a first period and
a second period that is subsequent to the first period,
and

wherein, in the first period of the second mode, the data

driver sequentially supplies data voltages to at least two
of the plurality of subpixels, and in the second period
of the second mode, the data driver supplies a specific
voltage to the plurality of subpixels, the specific volt-
age being the same as one of at least two of the data
voltages sequentially supplied to the at least two sub-
pixels.

2. The organic light emitting display device of claim 1,
wherein the second period is a data holding period.

3. The organic light emitting display device of claim 1,
wherein the specific voltage is the same as the highest
voltage among the at least two of the data voltages supplied
to the at least two subpixels.

4. The organic light emitting display device of claim 1,
wherein the at least two subpixels have at least one of a first
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luminance and a second luminance in the second mode, and

the first luminance is higher than the second luminance, and

wherein the specific voltage is supplied to one of the at
least two subpixels that have the first luminance.

5. The organic light-emitting display device of claim 1,
wherein, while the data driver is supplying the specific
voltage to the data lines, the gate driver supplies scanning
signals of turn-off level voltages to the gate lines corre-
sponding to the at least two subpixels in the second period
of the second mode.

6. The organic light-emitting display device of claim 1,
wherein, when the specific voltage is supplied to the data
lines, a leakage current is not generated in a switching
transistor of at least one subpixel among the at least two
subpixels supplied with the specific voltage.

7. The organic light-emitting display device of claim 1,
wherein the specific voltage is the same as a maximum of the
at least two of the data voltages sequentially supplied to the
at least two subpixels.

8. The organic light-emitting display device of claim 1,
wherein the specific voltage is the same as the one data
voltage that is supplied to the last of the at least two
subpixels.

9. The organic light-emitting display device of claim 1,
wherein the organic light-emitting display panel displays
images or text with at most a specific number of colors in a
section of the second mode than the first mode.

10. The organic light emitting display device of claim 1,
wherein the specific voltage is supplied to the one of the at
least two subpixels having an easily perceptible flicker.

11. The organic light emitting display device of claim 1,
wherein the specific voltage is supplied to the one of the at
least two subpixels having a greater leakage current.

12. A driving method for an organic light-emitting display
device using a first mode having a first refresh rate and a
second mode having a second refresh rate that is lower than
the first refresh rate, the second mode having a first period
and a second period that is subsequent to the first period, the
method comprising:

sequentially supplying data voltages to at least two of a

plurality of subpixels that are connected to data lines
and gate lines in the first period of the second mode;
and

supplying a specific voltage to the plurality of subpixels

in the second period of the second mode, the specific
voltage being the same as one of at least two of the data
voltages sequentially supplied to the at least two sub-
pixels.

13. The method of claim 12, wherein the second period is
a data holding period.

14. The method of claim 13, wherein the specific voltage
is the same as the highest voltage among the at least two of
the data voltages supplied to the at least two subpixels.

15. The method of claim 13, wherein the at least two
subpixels have at least one of a first luminance and a second
luminance in the second mode, and the first luminance is
higher than the second luminance, and

wherein the specific voltage is supplied to one of the at

least two subpixels that have the first luminance.

16. The method of claim 12, wherein, while the specific
voltage is supplied to the data lines, the gate driver supplies
scanning signals of turn-off level voltages to the gate lines
corresponding to the at least two subpixels in the second
period of the second mode.
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17. The method of claim 12, wherein, when the specific
voltage is supplied to the data lines, a leakage current is not
generated in a switching transistor of at least one subpixel
among the at least two subpixels supplied with the specific
voltage.

18. The method of claim 12, wherein the specific voltage
is the same as a maximum of the at least two of the data
voltages sequentially supplied to the at least two subpixels.

19. The method of claim 12, wherein the specific voltage
is the same as the one data voltage that is supplied to the last
of the at least two subpixels.

20. The method of claim 12, wherein the organic light-
emitting display panel displays images or text with at most
a specific number of colors in a section of the second mode
than the first mode.

21. The method of claim 12, wherein the specific voltage
is supplied to the one of the at least two subpixels having an
easily perceptible flicker.

22. The method of claim 12, wherein the specific voltage
is supplied to the one of the at least two subpixels having a
greater leakage current.

I I T T
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