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LIGHT EMITTING DISPLAY DEVICE AND
DRIVING METHOD FOR THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2016-0174333, filed in the Republic
of Korea on Dec. 20, 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 invention relates to an organic light
emitting display device, and further relates to a method of
driving the same.

Description of the Related Art

[0003] With the development of the information society,
display devices for displaying images are being increasingly
required in various forms, and various types of display
devices, such as liquid crystal display (LCD) devices,
plasma display devices, and organic light emitting display
(OLED) devices, are utilized.

[0004] Also, from among the display devices, an organic
light emitting display device that employs an organic light
emitting diode, which is a spontaneous light emitting device,
may have an excellent color reproduction range, viewing
angle, response characteristics, or the like. Also, the organic
light emitting display device is thin and light, and consumes
a small amount of power, and thus, the organic light emitting
display device has been widely utilized for mobile devices
such as a smart phone, a tablet PC, and the like.

[0005] A mobile device uses a battery to receive a supply
of power, and thus, an available usage time may be deter-
mined based on the capacity of the battery. However, the
mobile device is developed to be thin and light for conve-
nient use, and thus, the battery may not be designed to have
a large capacity, which leads to a short available usage time.
Particularly, smart phones and tablet PCs may include
various sensors, a touch panel, and the like to perform
various functions, and thus, may be required to extend a
usage time by reducing the power consumption.

SUMMARY OF THE INVENTION

[0006] An aspect of the present invention is to provide an
organic light emitting display device for reducing power
consumption, and a method of driving the same.

[0007] Another aspect of the present invention is to pro-
vide an organic light emitting display device for suppressing
a change in brightness so as to avoid deterioration in quality
of an image, and a method of driving the same.

[0008] In accordance with an aspect of the present inven-
tion, there is provided an organic light emitting display
device, including: a display panel configured to express
brightness by a driving a current corresponding to a data
voltage by receiving a supply of a first power source and a
second power source, and to operate by distinguishing a
normal mode and a standby mode based on a voltage level
of the first power source; a controller configured to output a
mode control signal for distinguishing the normal mode and
the standby mode; and a power source unit configured to
operate based on the mode control signal, and to transfer a
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compensation voltage for compensating for a change in the
data voltage in the standby mode.

[0009] In another aspect of the present invention, there is
provided an organic light emitting display device, including:
a display panel including a plurality of pixels, which express
brightness by a driving current corresponding to a data
voltage by receiving a supply of a first power source and a
second power source, and emits light based on the driving
current based on a voltage level of the first power source;
and a controller configured to perform control to output a
mode control signal for distinguishing a high frequency
driving and a low frequency driving, and to maintain a
magnitude of the driving current when a mode is the low
frequency driving.

[0010] In another aspect of the present invention, there is
provided a driving method of an organic light emitting
display device including a plurality of pixels, which express
brightness based on a magnitude of a driving current cor-
responding to an applied data voltage, the method including:
outputting a mode control signal to enable at least one pixel
out of the plurality of pixels to operate by distinguishing a
first driving and a second driving; and maintaining an
amount of a driving current that flows through the pixel to
be regular when the at least one pixel is controlled to operate
in the second driving based on the mode control signal.
[0011] According to the present embodiments, an organic
light emitting display device, which may reduce the power
consumption, and an operating method thereof may be
provided.

[0012] According to the present embodiments, an organic
light emitting display device, which does not deteriorate
quality of an image, and an operating method thereof may be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other objects, features, and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0014] FIG. 1 is a diagram illustrating an organic light
emitting display device according to an embodiment;
[0015] FIG. 2 is a circuit diagram illustrating a first
embodiment of a pixel employed by the organic light
emitting display device of FIG. 1;

[0016] FIG. 3Ais a waveform diagram illustrating voltage
waveforms supplied to the pixel of FIG. 2 based on a mode
control signal according to an embodiment;

[0017] FIG. 3B is a waveform diagram illustrating voltage
waveforms supplied to the pixel of FIG. 2 based on a mode
control signal according to an embodiment;

[0018] FIG. 4 is a circuit diagram illustrating a second
embodiment of a pixel employed by the organic light
emitting display device of FIG. 1;

[0019] FIG. 5 is a circuit diagram illustrating a third
embodiment of a pixel employed by the organic light
emitting display device of FIG. 1;

[0020] FIG. 6 is a circuit diagram illustrating a fourth
embodiment of a pixel employed by the organic light
emitting display device of FIG. 1; and

[0021] FIG. 7 is a flowchart illustrating an embodiment of
amethod of driving the organic light emitting display device
of FIG. 1.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0022] Hereinafter, some embodiments of the present
invention will be described in detail with reference to the
accompanying illustrative drawings. In designating ele-
ments of the drawings by reference numerals, the same
elements will be designated by the same reference numerals
although they are shown in different drawings. Further, in
the following description of the present invention, a detailed
description of known functions and configurations incorpo-
rated herein will be omitted when it may make the subject
matter of the present invention rather unclear.

[0023] In addition, terms, such as first, second, A, B, (a),
(b) or the like may be used herein when describing compo-
nents of the present invention. Each of these terminologies
is not used to define an essence, order or sequence of a
corresponding component but used merely to distinguish the
corresponding component from other component(s). In a
situation that it is described that a certain structural element
“Is connected to,” “is coupled to,” or “is in contact with”
another structural element, it should be interpreted that
another structural element may “be connected to,” “be
coupled to,” or “be in contact with” the structural elements
as well as that the certain structural element is directly
connected to or is in direct contact with another structural
element.

[0024] FIG. 1 is a diagram illustrating an embodiment of
an organic light emitting display device according to an
embodiment.

[0025] Referring to FIG. 1, an organic light emitting
display device 100 can include a display panel 110, which
receives a supply of a first power source (ELVDD) and
second power source (ELVSS) and expresses brightness by
a driving current corresponding to a data voltage. The
display panel 110 can operate by distinguishing a normal
mode and a standby mode. Also, the display panel 110 can
include a plurality of pixels. The organic light emitting
display device 100 can include a controller 130, which
performs control to output a mode control signal for distin-
guishing a normal mode and a standby mode, and maintains
a magnitude of a driving current when a mode corresponds
to the standby mode. Also, the organic light emitting display
device 100 can include a power source unit 140, which
receives a mode control signal, and supplies a first power
source (ELVDD) and a second power source (ELVSS) to the
display panel 110. Also, the power source unit 140 can
transfer a compensation voltage that compensates for a
change in a data voltage in the standby mode.

[0026] The normal mode is a mode that operates when a
user uses the organic light emitting display device 100, and
the standby mode is a mode that operates when the user does
not use the organic light emitting display device 100. Also,
the normal mode is a mode in which the organic light
emitting display device 100 is operated at a brightness set by
the user, and the standby mode is a mode in which the
organic light emitting display device 100 is operated at a
brightness lower than the brightness set by the user. There-
fore, the power consumption in the standby mode can be
embodied to be lower than the power consumption in the
normal mode. However, this may not be limited thereto. The
normal mode can be a high frequency driving, and the
standby mode can be a low frequency driving. The high
frequency driving is a driving in which a data voltage is
maintained during a short period of time since a frame
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interval is short. The low frequency driving is a driving in
which a data voltage is maintained during a long period of
time since a frame interval is long. In the low frequency
driving, the number of times that a voltage changes is small,
and thus, the power consumption can be reduced. For
example, the low frequency driving can use a lower frame
rate than the high frequency driving to save power (e.g., 30
ps vs. 60 fps).

[0027] The display panel 110 can include a plurality of
gate lines (G1,G2, . . ., Gn-1, and Gn) for receiving a gate
signal, and can include a plurality of data lines (D1,D2, . .
., Dm-1, and Dm) for receiving a data signal. Also, the
plurality of gate lines (G1,G2, . . ., Gn-1, and Gn) and the
plurality of data lines (D1,D2, . . ., Dm-1, and Dm) may
intersect. A pixel 101 can be disposed in each of the points
where the plurality of gate lines (G1,G2, . . ., Gn-1, and Gn)
and the plurality of data lines (D1,D2, . . ., Dm-1, and Dm)
intersect. Also, the display panel 110 can further include a
plurality of light emitting control lines.

[0028] Also, a first power source line (VL) that transfers
a voltage of the first power source (ELVDD) to a plurality
of pixels 101 is disposed in the display panel 110, and each
pixel 101 can be provided with the voltage of the first power
from the first power source line (VL). Also, the display panel
110 can include a common electrode disposed therein, and
each pixel 101 can be provided with a voltage of the second
power source (ELVSS) from a common electrode. The
display panel 110 can include a voltage compensation line
(Vref) that transfers a compensation voltage to each pixel
101. The compensation voltage is output based on a mode
control signal, and maintains the brightness of the pixel 101
to be constant in a low frequency driving, thereby preventing
deterioration in quality of an image.

[0029] Also, the organic light emitting display device 100
can include a drive IC 120 that transfers a gate signal and a
data signal to gate lines (G1,G2, . . ., Gn-1, and Gn) and a
plurality of data lines (D1,D2, . . . , Dm-1, and Dm),
respectively. The drive IC 120 can include: a gate driving
unit 1204 that drives a gate signal; and a data driving unit
1204 that receives a digital image signal, converts the same
to a data signal of an analog type, and operates as a data line.
Here, although the gate driving unit 1205 included in the
drive IC 120 is illustrated as an element independent from
the display panel 110, this may not be limited thereto. The
drive IC 120 can be disposed in a non-display area of the
display panel 110. The gate driving unit 1205 disposed in a
non-emission area of the display panel 110 can be referred
to as a gate in panel (GIP). Also, the drive IC 120 can
transfer a light emission control signal to a pixel through a
plurality of light emission control lines. A light emission
control signal can be output from the gate driving unit 1204.

[0030] The controller 130 can transfer a control signal to
the drive IC 120. A control signal transferred to the drive IC
120 can include a gate start pulse, a data start pulse, a
horizontal synchronization signal, a vertical synchronization
signal, and a clock signal. The controller 130 can enable the
high frequency driving or the low frequency driving based
on a control signal. Also, the controller 130 can output a
mode control signal. The controller 130 can enable the
display panel 110 to drive in one of a normal mode and a
standby mode based on a mode control signal. The controller
130 can perform the high frequency driving in the normal
mode, and the low frequency driving in the standby mode.
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[0031] The power source unit 140 can generate a first
power source (ELVDD) and a second power source
(ELVSS), and supply the same to the display panel 110. The
first power source (ELVDD) can be transferred to the first
power source line (VL) of the display panel 110, and the
second power source can be transferred to the common
electrode of the display panel 110. However, this may not be
limited thereto. Also, the power source unit 140 can output
a compensation voltage and transfer the same to the display
panel 110 in the low frequency driving. Also, the power
source unit 140 can transfer an initialization power to
initialize the pixel 101. However, power supplied from the
power source unit 140 may not be limited thereto. Also,
although the power source unit 140 is illustrated as a single
element, this may not be limited thereto.

[0032] When the power source unit 140 receives a mode
control signal from the controller 130, the power source unit
140 can output a compensation voltage. When the display
panel 110 operates in the low frequency driving based on a
mode control signal, the power source unit 140 can supply
a compensation voltage to the display panel 110.

[0033] FIG. 2 is a circuit diagram illustrating a first
embodiment of the pixel of FIG. 1.

[0034] Referring to FIG. 2, the pixel 101 can include a
pixel circuit 101a that generates a driving current, and an
organic light emitting diode (OLED) that receives a driving
current generated from the pixel circuit 101« and emits light.
Also, the pixel circuit 101a can include a first transistor
(M1) to a sixth transistor (M6). Also, the pixel 101 can
include a first capacitor (C1). Each transistor can include a
first electrode, a second electrode, and a gate electrode. The
first electrode can be a source electrode and the second
electrode can be a drain electrode. However, this may not be
limited thereto. Also, although each transistor is illustrated
as a transistor of a PMOS type, this may not be limited
thereto. Also, the pixel circuit 101a can receive a first power
source (ELVDD), a second power source (ELVSS), a data
voltage (Vdata), a gate signal, and a light emission control
signal (EM). Also, the pixel circuit 101a can receive an
initialization voltage in the high frequency driving, and
receive a compensation voltage in the low frequency driv-
ing.

[0035] Regarding the first transistor (M1), a first electrode
can be connected with a first power source line (VL1) that
supplies the first power source (ELVDD), and a second
electrode can be connected with a second node (N2). Also,
a gate electrode can be connected with a first node (N1). The
first transistor (M1) can enable a driving current to flow in
the direction from the first electrode to the second electrode,
based on the first node (N1). The first transistor (M1) can be
referred to as a driving transistor.

[0036] In asecond transistor (M2), a first electrode can be
connected with a data line (DL) that transfers a data voltage
(Vdata), and a second electrode can be connected with a first
electrode of the first capacitor (C1). Also, a gate electrode
can be connected with a gate line (GL) that transfers a gate
signal. The second transistor (M2) can transfer a data
voltage (Vdata) to the first electrode of the first capacitor
(C1), based on a gate signal.

[0037] In a third transistor (M3), a first electrode can be
connected with a second node (N2) and a second electrode
can be connected with a first node (N1). Also, a gate
electrode can be connected with a gate line (GL). The third
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transistor (M3) can enable the first node (N1) and the second
node (N2) to have the same voltage, based on a gate signal.

[0038] In a fourth transistor (M4), a first electrode can be
connected with the second power source line (VL.2) that
transfers an initialization voltage (Vref), and a second elec-
trode can be connected with the second electrode of the
second transistor (M2) and the first electrode of the first
capacitor (C1). Also, a gate electrode can be connected with
a light emission control line (EML) that transfers a light
emission control signal. Therefore, an initialization voltage
(Vref) can be transferred to the first electrode of the first
capacitor (C1), based on a light emission control signal.
Also, the fourth transistor (M4) can receive a compensation
voltage from the second power source line (V1.2) during the
low frequency driving.

[0039] In a fifth transistor (MS5), a first electrode can be
connected with the second node (N2), and a second elec-
trode can be connected with an anode electrode of an organic
light emitting diode (OLED). Also, a gate electrode can be
connected with the light emission control line (EML). The
fifth transistor (M5) can enable a driving current that flows
through the second node (N2) to flow through the organic
light emitting diode (OLED), based on a light emission
control signal.

[0040] In a sixth transistor (M6), a first electrode can be
connected with the second power source line (VL.2) and a
second electrode can be connected with an anode electrode
of the organic light emitting diode (OLED). Also, a gate
electrode can be connected to the gate line (GL). The sixth
transistor (M6) can transfer an initialization voltage (Vref) to
the anode electrode of the organic light emission diode
(OLED), based on a gate signal.

[0041] Regarding the first capacitor (C1), a first electrode
can be connected with the second electrode of the second
transistor (M2), and a second electrode can be connected
with the first node (N1). The first capacitor (C1) can receive
a data voltage (Vdata) when the second transistor (M2) is
turned on, receive an initialization voltage (Vref) when the
fourth transistor (M4) is turned on. Also, in the low fre-
quency driving, the first capacitor (C1) can receive a com-
pensation voltage through the second power source line
(VL2) when the fourth transistor (M4) is turned on. There-
fore, a voltage stored in the first capacitor (C1) can be
initialized based on the initialization voltage (Vref). Also, a
voltage applied to the first electrode of the first capacitor
(C1) can increase or decrease based on a compensation
voltage. When the voltage applied to the first electrode of the
first capacitor (C1) increases or decreases, a voltage of the
first node (N1) that is connected with the second electrode
of the first capacitor (C1) can increase or decrease.

[0042] Regarding the organic light emitting diode
(OLED), an anode electrode can be connected with the
second electrode of the fifth transistor (M5), and a cathode
electrode can be connected with the common electrode that
transfers the second power source (ELVSS). Therefore,
when the fifth transistor (M5) is turned on, the organic light
emitting diode can receive a driving current that flows
through the second node (N2), and emit light. Also, when the
sixth transistor (M6) is turned on, a threshold voltage of the
organic light emitting diode (OLED) can be higher than an
initialization voltage in order to prevent a current from
flowing through the organic light emitting diode (OLED).
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[0043] A driving current that flows through a pixel that is
formed as described above can be defined by Equation 1
provided below.

(Equation 1)

P
Iorep = E(Vdara — Vgl

[0044] (Here, IOLED denotes a magnitude of a driving
current, 3 denotes a constant, Vdata denotes a data voltage,
and Vref denotes an initialization voltage.)

[0045] In the pixel 101 formed as described above, when
a driving current flows through the second node in the state
in which the third transistor (M3) is turned off, a leakage
current can flow in the direction (direction A) from the first
node (N1) to the second node (N2) or in the direction
(direction B) from the second node (N2) to the first node
(N1), due to a difference in voltages between the first node
(N1) and the second node (N2). Particularly, a leakage
current can flow in the direction from the second node (N2)
to the first node (N1) in a high gradation. A leakage current
can flow in the direction from the first node (N1) to the
second node (N2) in a low gradation.

[0046] When a leakage current flows in the direction from
the second node (N2) to the first node (N1), a voltage of an
electrode that is connected with the first node (N1) of the
first capacitor (C1) may increase. When a leakage current
flows in the direction from the first node (N1) to the second
node (N2), a voltage of an electrode that is connected with
the first node (N1) of the first capacitor (C1) may decrease.
That is, due to the leakage current that occurs in the third
transistor (M3), the voltage of the first node may increase or
decrease. When the voltage of the first node (N1) increases,
an amount of a driving current gradually decreases. When
the voltage of the first node (N1) decreases, an amount of a
driving current gradually increases. In the low frequency
driving, a long period of time elapses before a data voltage
(Vdata) is newly programmed, and thus, the voltage of the
first node (N1) increases or decreases over a long period of
time. Therefore, an amount of a driving current may become
significantly large or small at a point when the data voltage
(Vdata) is newly programmed. Accordingly, in the low
frequency driving mode, a flicker phenomenon may occur
when a data voltage (Vdata) is newly programmed to each
pixel 101. Therefore, deterioration in quality of an image
may occur, which is a drawback.

[0047] Regarding a capacitor, when a voltage applied to
one electrode increases or decreases, a voltage applied to
another electrode of the capacitor can also increase or
decrease. Therefore, when the first capacitor (C1) increases
or decreases a voltage by applying a compensation voltage
to the second electrode that is connected with the second
transistor, the voltage of the first node (N1) that is connected
with the first electrode of the first capacitor (C1) can also
increase or decrease by a compensation voltage. Therefore,
when the voltage of the first node (N1) increases due to a
leakage current, the voltage of the first node (N1) can be
maintained at a regular or constant level (e.g., within an
acceptable range) by decreasing a compensation voltage
based on the increase in the voltage at the first node (N1).
Also, when the voltage of the first node (N1) decreases, the
voltage of the first node (N1) can be maintained to at a
regular or acceptable level by increasing a compensation
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voltage based on the decrease in the voltage of the first node
(N1), and thus, a flicker phenomenon can be prevented.
[0048] FIG. 3Ais a waveform diagram illustrating voltage
waveforms supplied to the pixel of FIG. 2 based on a mode
control signal. FIG. 3B is a waveform diagram illustrating
another example of voltage waveforms supplied to the pixel
of FIG. 2.

[0049] Referring to FIGS. 3A and 3B, a mode control
signal can be output as a high state during the high frequency
driving. A mode control signal can be output as a low state
during the low frequency driving. In this instance, a data
voltage (Vdata) can be determined based on a gradation.
Also, the length of a frame (1f) in the high frequency driving
and the length of a frame (1f) in the low frequency driving
can be set to be different from each other. The length of a
frame (1f) in the low frequency driving can be set to be
longer than the length of a frame in the high frequency
driving. A frame is changed at a high speed in the high
frequency driving, and thus, an increase and a decrease of a
voltage frequently occurs. Conversely, a frame is changed at
a low speed in the low frequency driving, and thus, an
increase and a decrease of a voltage may not occur fre-
quently. When the increase and the decrease of a voltage
does not occur frequently, the power consumption in the
power source unit 140 is lower. Here, although it is illus-
trated that high frequency driving and low frequency driving
are performed alternately based on a frame (1f), the present
invention may not be limited thereto. The high frequency
driving and the low frequency driving can each continuously
operate for a plurality of frames.

[0050] FIG. 3A is a waveform corresponding to a data
voltage (Vdata) of a high gradation. When a data voltage
(Vdata) corresponds to a high gradation, a leakage current
that flows through the third transistor (M3) can flow in the
direction (direction B) from the second node (N2) to the first
node (N1). As described above, when the leakage current
flows in the direction (direction B) from the second node
(N2) to the first node (N1), a voltage of the first node (N1)
increases, and thus, an amount of a driving current that flows
through the second node (N2) may decrease.

[0051] FIG. 3B is a waveform corresponding to a data
voltage (Vdata) of a low gradation. When a data voltage
(Vdata) corresponds to a low gradation, a leakage current
that flows through the third transistor (M3) may flow in the
direction (direction A) from the first node (N1) to the second
node (N2). When the leakage current flows in the direction
(direction A) from the first node to the second node, the
voltage of the first node (N1) may decrease, and thus, an
amount of a driving current that flows through the second
node (N2) may increase.

[0052] When an amount of a driving current decreases or
increases as described above, a data voltage (Vdata) is
maintaired for a short period of time in the high frequency
driving before a new data voltage is reprogrammed, and
thus, a period of time in which an amount of a driving
current decreases may be short. Therefore, a change in the
amount of the driving current may not be large, and thus, a
brightness deviation may not be recognizable. However, in
the low frequency driving, a data voltage (Vdata) is main-
tained for a long period of time before a new data voltage
(Vdata) is reprogrammed, and thus, a change in an amount
of a driving current is large and a brightness deviation may
be recognized. Accordingly, a flicker phenomenon may
occur in the low frequency driving.
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[0053] Therefore, to overcome the above described draw-
back, an initialization voltage (Vref) is applied as a com-
pensation voltage during the low frequency driving in order
to decrease a voltage level of the compensation voltage.
Accordingly, as a voltage of the second electrode of the first
capacitor (C1) decreases, a voltage of the first electrode of
the first capacitor (C1) is also decreased, and thus, an
increase in the voltage of the first node (N1) caused by a
leakage current can be prevented. Also, when a voltage level
of a compensation voltage increases, a voltage of the second
electrode of the first capacitor (C1) may increase. Accord-
ingly, a voltage of the first electrode of the first capacitor
(C1) also increases, and thus, a decrease in a voltage of the
first node (N1) caused by a leakage current can be prevented.
For example, the dotted lines in FIGS. 3A and 3B show the
voltage of the first node (N1) and the current flowing
through the organic light emitting diode (OLED) when they
have been compensated during the low frequency driving
(standby mode) with the compensation voltage (Vref).
[0054] When a data voltage is a high gradation, a voltage
of the first node (N1) may increase due to a leakage current.
A voltage of the first node (N1) connected with the first
electrode of the first capacitor (C1) can be prevented from
increasing by decreasing a voltage of the second electrode of
the first capacitor (C1) based on an increase in a voltage of
the first node (N1) during the low frequency driving. There-
fore, an amount of a driving current that flows through the
second node (N2) can be maintained at a regular or accept-
able level. Therefore, a compensation voltage can be a
voltage that instantly decreases.

[0055] Also, when a data voltage is a low gradation, a
voltage of the first node (N1) may decrease due to a leakage
current. A voltage of the first node (N1) connected with the
first electrode of the first capacitor (C1) can be prevented
from decreasing, by increasing a voltage of the second
electrode of the first capacitor (C1) based on a decrease in
a voltage of the first node (N1) during the low frequency
driving. Therefore, an amount of a driving current that flows
through the second node (N2) can be maintained at a regular
or acceptable level. Therefore, a compensation voltage can
be a voltage that instantly increases.

[0056] A compensation voltage that increases or decreases
a voltage of the first electrode of the first capacitor (C1) can
be transferred to the first electrode of the first capacitor (C1)
through the second power source line (VL2) through which
an initialization voltage (Vref) is transferred. Also, during
the low frequency driving, the compensation voltage can be
supplied through the second power source line (VI.2) when
the power source unit 140 of FIG. 1 receives a mode control
signal and determines that a mode is the low frequency
driving.

[0057] FIG. 4 is a circuit diagram illustrating a second
embodiment of the pixel of FIG. 1.

[0058] Referring to FIG. 4, the pixel 101 can include a
pixel circuit 1015 that generates a driving current and an
organic light emitting diode (OLED). The pixel circuit 1015
can receive a data voltage (Vdata), a gate signal, a light
emission control signal (EML), an initialization control
signal (IL), a voltage of a first power source (ELVDD), a
voltage of a second power source (ELVSS), and an initial-
ization voltage (Vref). Also, the pixel circuit 1015 can
include a first to sixth transistor (M1 to M6) and a first
capacitor (C1). Here, the first transistor (M1) can be a
driving transistor. Also, the first through sixth transistors
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(M1 to M6) each can include a first electrode, a second
electrode, and a gate electrode. The first electrode can be a
drain electrode, and the second electrode can be a source
electrode. However, this may not be limited thereto. Also,
the first to sixth transistors (M1 to M6) can be transistors of
a PMOS type. However, this may not be limited thereto, and
the first to sixth transistors (M1 to M6) can be transistors of
an NMOS type.

[0059] In the first transistor (M1), a first electrode can be
connected with a first power source line (VL.1) that supplies
a first power source (ELVDD), a gate electrode can be
connected with a first node (N1), and a second electrode can
be connected with a second node (N2). The first transistor
(M1) can enable a driving current to flow from the first
electrode connected with the first power source (ELVDD) to
the second electrode connected with the second node (N2),
based on a voltage transferred to the first node (N1).
[0060] In the second transistor (M2), a first electrode can
be connected with a data line (DL), a gate electrode can be
connected with a gate line (GL) that transfers a gate signal,
and a second electrode can be connected with a first elec-
trode of the first capacitor (C1). The second transistor (M2)
can transfer a data voltage (Vdata) corresponding to a data
signal from the first electrode connected with the data line
(DL) to the first electrode of the first capacitor (C1), based
on a gate signal transferred to the gate electrode.

[0061] In the third transistor (M3), a first electrode can be
connected with the second node (N2), a gate electrode can
be connected with a gate line (GL), and a second electrode
can be connected with the first node (N1). Based on a gate
signal transferred to the gate electrode, the third transistor
(M3) can enable the first node (N1) and the second node
(N2) to have the same voltage, and thus, the first transistor
(M1) can enable a current to flow through the second node
(N2). In this instance, a voltage corresponding to a threshold
voltage can be stored in the first capacitor (C1) connected
with the first node (N1).

[0062] Inthe fourth transistor (M4), a first electrode can be
connected with a second power source line (VL2) that
transfers an initialization voltage (Vref), a gate electrode can
be connected with a light emission control line (EML)
through which a light emission control signal is transferred,
and a second electrode can be connected with the first
electrode of the first capacitor (C1) and the second electrode
of the second transistor (M2). Accordingly, the fourth tran-
sistor (M4) can transfer the initialization voltage (Vref) to
the first electrode of the first capacitor (C1) and the second
electrode of the second transistor (M2) based on a light
emission control signal transferred to the gate electrode.
[0063] In the fifth transistor (MS5), a first electrode is
connected with the second node (N2), a gate electrode is
connected with the light emission control line (EML) that
transfers a light emission control signal, and a second
electrode is connected with an anode electrode of an organic
light emitting diode (OLED). Accordingly, based on a light
emitting control signal transferred through the gate elec-
trode, the fifth transistor (M5) can transfer a driving current
to the organic light emitting diode (OLED).

[0064] In a sixth transistor (M6), a first electrode can be
connected with a second power source line (VL2) that
transfers an initialization voltage (Vref), a gate electrode can
be connected with an initialization control line (IL) that
transfers an initialization control signal, and a second elec-
trode can be connected with an anode electrode of an organic
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light emitting diode (OLED). Accordingly, the sixth tran-
sistor (M6) can transfer the initialization voltage (Vref) to
the anode electrode of the organic light emitting diode
(OLED) based on an initialization control signal transferred
to the gate electrode. The initialization voltage (Vref) is
lower than the threshold voltage of the organic light emitting
diode (OLED), and thus, can prevent the organic light
emitting diode (OLED) from emitting light in an initializa-
tion interval in which the initialization voltage (Vref) is
transferred.

[0065] In the first capacitor (C1), the first electrode can be
connected with the first node (N1), and a second electrode
can be connected with the second electrode of the fourth
transistor (M4).

[0066] Also, in the organic light emitting diode (OLED),
an anode electrode can be connected with the second elec-
trode of the fifth transistor (M5) and the second electrode of
the sixth transistor (M6), and a cathode electrode can be
connected with the second power source (ELVSS). Also, the
organic light emitting diode (OLED) receives a driving
current and can emit light when the fifth transistor (M5) is
turned on by a light emission control signal (EML).
[0067] The pixel 101 formed as described above can use
an initialization voltage (Vref) as a compensation voltage
during the low frequency driving. In the low frequency
driving, when the fourth transistor (M4) is turned on by a
light emission control signal transferred through the light
emission control line (EML) and the sixth transistor (M6) is
turned on by an initialization control signal transferred
through an initialization control line (IL), an initialization
voltage (Vref) can be supplied to the second electrode of the
first capacitor (C1). In this instance, when the initialization
voltage (Vref) is a compensation voltage as described in
FIG. 3A or FIG. 3B, a voltage of the second electrode of the
first capacitor (C1) may vary. As the voltage of the second
electrode of the first capacitor (C1) varies, a voltage of the
first node (N1) connected with the first electrode of the first
capacitor (C1) may increase or decrease. Therefore,
although a leakage current flows through the third transistor
(M3) in the direction (direction B) from the second node
(N2) to the first node (N1) or in the direction (direction A)
from the first node (N1) to the second node (N2), an
initialization voltage (Vref) compensates for a change in a
voltage of the first electrode of the first capacitor (C1), and
the voltage can be maintained to at a regular or constant
level. Therefore, the magnitude of a driving current that
flows through the second node (N2) of the first transistor
(M1) can also be maintained at a regular or constant level.
[0068] FIG. 5 is a circuit diagram illustrating a third
embodiment of a pixel employed by the organic light
emitting display device of FIG. 1.

[0069] Referring to FIG. 5, the pixel 101 can include a
pixel circuit 101c that generates a driving current and an
organic light emitting diode (OLED). The pixel circuit 101¢
can receive a data voltage (Vdata), a first gate signal, a
second gate signal, a light emitting control signal (EML), a
voltage of a first power source (ELVDD), a voltage of a
second power source (ELVSS), and an initialization voltage
(Vref). Also, the pixel circuit 1014 can include first to sixth
transistors (M1 to M6) and a first capacitor (C1). Also, the
first through sixth transistors (M1 to M6) can each include
a first electrode, a second electrode, and a gate electrode.
The first electrode can be a drain electrode, and the second
electrode can be a source electrode. However, this may not
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be limited thereto. Also, the first to sixth transistors (M1 to
M#6) can be transistors of a PMOS type. However, this may
not be limited thereto.

[0070] In the first transistor (M1), a first electrode can be
connected with a third node (N3), a gate electrode can be
connected with the first node (N1), and a second electrode
can be connected with a second node (N2). The first tran-
sistor (M1) can enable a driving current to flow from the first
electrode to the second electrode based on a voltage trans-
ferred to a gate electrode. The first transistor (M1) can be a
driving transistor.

[0071] In the second transistor (M2), a first electrode can
be connected with a data line (DL), a gate electrode can be
connected with a second gate line (GL2), and a second
electrode can be connected with the third node (3N). The
second transistor (M2) can transfer a data voltage to the third
node (N3) based on a second gate signal transferred to the
gate electrode through the second gate line (GL2).

[0072] In a third transistor (M3), a first electrode can be
connected with the second node (N2), a gate electrode can
be connected with the second gate line (GL2), and a second
electrode can be connected with the first node (N1). The
third transistor (M3) can enable the first node (N1) and the
second node (N2) to have the same potential based on a
second gate signal transferred to the gate electrode through
the second gate line (GL.2).

[0073] In a fourth transistor (M4), a first electrode can be
connected with a second power source line (VL2) that
transfers an initialization voltage (Vref), a gate electrode can
be connected with a first gate line (GL) through which a first
gate signal is fransferred, and a second electrode can be
connected with the first node (N1). The fourth transistor
(M4) can transfer an initialization voltage (Vref) to the first
node (N1) based on a first gate signal transferred through the
first gate line (GL1).

[0074] In a fifth transistor (MS5), a first electrode can be
connected with a first power source line (VL1) that transfers
a first power source (ELVDD), a gate electrode can be
connected with a light emission control line (EML) that
transfers a light emission control signal, and a second
electrode can be connected with the third node (N3). The
fifth transistor (M5) can supply, to the third node (N3), a
voltage of the first power source (ELVDD) transferred to the
first power source line (VL1), based on a light emission
control signal transferred through the light emission control
line (EML).

[0075] In the sixth transistor (M6), a first electrode can be
connected with the second node (N2), a gate electrode can
be connected to the light emission control line (EML) that
transfers a light emission control signal, and a second
electrode can be connected with an anode electrode of the
organic light emitting diode (OLED). The sixth transistor
(M$6) can supply a driving current that flows through the
second node (N2) to the organic light emitting diode
(OLED) based on a light emission control signal transferred
to the gate electrode.

[0076] In the first capacitor (C1), a first electrode can be
connected with the first node (N1), a second electrode can be
connected with the first power source line (VL) that supplies
the first power source (ELVDD), and thus, the first capacitor
(C1) can store a voltage corresponding to a data voltage.
Also, the first capacitor (C1) can be initialized by an
initialization voltage (Vref). When the second transistor
(M2) and the third transistor (M3) are turned on by a second
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gate signal, a data voltage (Vdata) can be transferred to the
first node (N1) through the first transistor (M1) and the third
transistor (M3), and thus, a voltage corresponding to a
threshold voltage can be stored in the first node (N1).
Therefore, compensation for a change in the threshold value
can be performed.

[0077] In the organic light emitting diode (OLED), an
anode electrode can be connected with the second electrode
of the sixth transistor (M6), and a cathode electrode can be
connected with the second power source (ELVSS).

[0078] In the low frequency driving, the pixel 101c¢
formed as described above can use a voltage of the first
power source (ELVDD) as a compensation voltage. In the
low frequency driving, in which a voltage of the first power
source (ELVDD) is a compensation voltage as illustrated in
FIG. 3A or FIG. 3B, a voltage of the second electrode of the
first capacitor (C1) may vary. As the voltage of the second
electrode of the first capacitor (C1) varies, a voltage of the
first node (N1) connected with the first electrode of the first
capacitor (C1) can increase or decrease. Therefore, although
a leakage current flows through the third transistor (M3) in
the direction (direction B) from the second node (N2) to the
first node (N1) or in the direction (direction A) from the first
node (N1) to the second node (N2), compensation for a
change in a voltage of the first electrode of the first capacitor
(C1) can be performed as the voltage of the first power
source (ELVDD) varies, and the voltage can be maintained
at a regular or constant level. Therefore, the magnitude of a
driving current that flows through the second node (N2) of
the first transistor (M1) can also be maintained at a regular
or constant level.

[0079] FIG. 6 is a circuit diagram illustrating a fourth
embodiment of a pixel employed by the organic light
emitting display device of FIG. 1.

[0080] Referring to FIG. 6, the pixel 101 can include a
pixel circuit 1014 that generates a driving current and an
organic light emitting diode (OLED). The pixel circuit 1014
can receive a data voltage (Vdata), a first gate signal, a
second gate signal, a third gate signal, a light emitting
control signal, a voltage of a first power source (ELVDD),
a voltage of a second power source (ELVSS), and an
initialization voltage (Vref). Also, the pixel circuit 101d can
include first to seventh transistors (M1 to M7) and a first
capacitor (C1). Also, the first to seventh transistors (M1 to
M7) each can include a first electrode, a second electrode,
and a gate electrode. The first electrode can be a drain
electrode, and the second electrode can be a source elec-
trode. However, this may not be limited thereto. Also, the
first to seventh transistors (M1 to M6) can be transistors of
a PMOS type. However, this may not be limited thereto.

[0081] In the first transistor (M1), a first electrode can be
connected with a third node (N3), a gate electrode can be
connected with the first node (N1), and a second electrode
can be connected with a second node (N2). The first tran-
sistor (M1) can enable a driving current to flow from the first
electrode to the second electrode based on a voltage trans-
ferred to a gate electrode. The first transistor (M1) can be a
driving transistor.

[0082] In asecond transistor (M2), a first electrode can be
connected with a data line (DL), a gate electrode can be
connected with a second gate line (GL2), and a second
electrode can be connected with the third node (N3). The
second transistor (M2) can transfer a data voltage to the third
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node (N3) based on a second gate signal transferred to the
gate electrode through the second gate line (GL2).

[0083] In a third transistor (M3), a first electrode can be
connected with the second node (N2), a gate electrode can
be connected with the second gate line (GL), and a second
electrode can be connected with the first node (N1). The
third transistor (M3) can control the first node (N1) and the
second node (N2) to have the same potential based on a
second gate signal transferred to the gate electrode through
the second gate line (GL2).

[0084] In a fourth transistor (M4), a first electrode can be
connected with a second power source line (VL2) that
transfers an initialization voltage (Vref). a gate electrode can
be connected with a first gate line (GL) through which a first
gate signal is transferred, and a second electrode can be
connected with the first node (N1). The fourth transistor
(M4) can transfer an initialization voltage (Vref) to the first
node (N1) based on a first gate signal transferred through the
first gate line (GL1).

[0085] In a fifth transistor (MS5), a first electrode can be
connected with the first power source line (VL1) that
transfers a first power source (ELVDD), a gate electrode can
be connected with a light emission control line (EML) that
transfers a light emission control signal, and a second
electrode can be connected with the third node (N3). The
fifth transistor (M5) can supply, to the third node (N3), a
voltage of the first power source (ELVDD) transferred to the
first power source line (VL1), based on a light emission
control signal transferred through the light emission control
line (EML).

[0086] In a sixth transistor (M6), a first electrode can be
connected with the second node (N2), a gate electrode can
be connected to the light emission control line (EML) that
transfers a light emission control signal, and a second
electrode can be connected with an anode electrode of the
organic light emitting diode (OLED). The sixth transistor
(M$6) can supply a driving current that flows through the
second node (N2) to the organic light emitting diode
(OLED) based on a light emission control signal transferred
to the gate electrode.

[0087] In the seventh transistor (M7), a first electrode can
be connected with the second power source line (VL2) that
transfers an initialization voltage (Vref), a gate electrode can
be connected with the third gate line (GL3) that transfers a
third gate signal, and a second electrode can be connected
with an anode electrode of the organic light emitting diode
(OLED). The seventh transistor (M7) can transfer an ini-
tialization voltage (Vref) to the anode electrode of an organic
light emission diode (OLED) based on a third gate signal
transferred through the third gate line (GL3) to the gate
electrode. A voltage level of the initialization voltage (Vref)
can be lower than a threshold voltage of the organic light
emitting diode (OLED).

[0088] In the first capacitor (C1), a first electrode can be
connected with the first node (N1), a second electrode can be
connected with the first power source line (VL1) that
supplies the first power source (ELVDD), and thus, can store
a voltage corresponding to a data voltage (Vdata). Also, the
first capacitor (C1) can be initialized by an initialization
voltage (Vref). When the second transistor (M2) and the
third transistor (M3) are turned on by a second gate signal,
a data voltage (Vdata) can be transferred to the first node
(N1) through the first transistor (M1) and the third transistor
(M3), and thus, a voltage corresponding to a threshold
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voltage can be stored in the first node (N1). Therefore,
compensation for a change in the threshold value can be
performed.

[0089] In the organic light emitting diode (OLED), an
anode electrode can be connected with the second electrode
of the sixth transistor (M6) and the second electrode of the
seventh transistor (M7), and a cathode electrode can be
connected to the second power source (ELVSS).

[0090] In the low frequency driving, the pixel 1014
formed as described above can use a voltage of the first
power source (ELVDD) as a compensation voltage. In the
low frequency driving, in the case in which a voltage of the
first power source (ELVDD) is a compensation voltage as
illustrated in FIG. 3A or FIG. 3B, a voltage of the second
electrode of the first capacitor (C1) may vary. As the voltage
of the second electrode of the first capacitor (C1) varies, a
voltage of the first node (N1) connected with the first
electrode of the first capacitor (C1) may increase or
decrease. Therefore, although a leakage current flows
through the third transistor (M3) in the direction (direction
B) from the second node (N2) to the first node (N1) or in the
direction (direction A) from the first node (N1) to the second
node (N2), compensation for a change in a voltage of the
first electrode of the first capacitor (C1) can be performed as
the voltage of the first power source (ELVDD) varies, and
the voltage can be maintained at a regular or constant level.
Therefore, the magnitude of a driving current that flows
through the second node (N2) of the first transistor (M1) can
also be maintained at a regular or constant level.

[0091] FIG. 7 is a flowchart illustrating an embodiment of
a method of driving the organic light emitting display device
of FIG. 1.

[0092] Referring to FIG. 7, a method of driving an organic
light emitting display device including a plurality of pixels,
which can express brightness based on a magnitude of a
driving current corresponding to an applied data voltage.
[0093] Also, the driving method of the organic light emit-
ting display device outputs a mode control signal that
enables at least one pixel out of the plurality of pixels to
operate according to a first driving mode or a second driving
mode in operation S700. The second driving can be set to
have a longer period of time until a data voltage changes
than compared to the first driving. Also, the first driving can
be a normal driving mode, and the second driving can be a
standby driving mode. The normal driving mode can corre-
spond to an interval in which an image is expressed at a
brightness set by a user. The standby driving mode can be an
interval in which an image is expressed at a brightness lower
than a brightness set by a user. Also, the first driving can be
a driving that displays a normal image, since the interval of
a frame is set to be short. The second driving can be a driving
that needs to maintain a programmed data voltage for a
longer period of time than the first driving, since the interval
of a frame is set to be longer than that of the first driving. The
first driving can be referred to as a high frequency driving,
and the second driving can be referred to as a low frequency
driving.

[0094] The method controls at least one pixel to operate
with the second driving based on the mode control signal in
operation S710. Therefore, an amount of a driving current
that flows through a pixel can be maintained at a regular
level, even when holding the same valve for a long period
of time. A data voltage is newly programmed for each frame.
In the first driving, the interval of a frame is short, and thus,
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a programmed data voltage can be maintained for a short
period of time. Therefore, an effect of a leakage current may
be low. However, in the second driving, the interval of a
frame is long, and thus, a programmed data voltage may be
maintained during a long period of time. Therefore, an effect
of a leakage current may be high. When at least one pixel is
controlled to operate with the second driving based on the
mode control signal, an amount of a driving current that
flows through the pixel can be maintained to at a regular or
acceptable level.

[0095] To maintain an amount of a driving current that
flows through the pixel at a regular level, a compensation
voltage can be transferred to the at least one pixel in
operation 8720. Compensation for a change in a data voltage
is performed by transferring a compensation voltage to the
pixel, and thus, the amount of the driving current that flows
through the pixel can be maintained at a regular level (e.g.,
within an acceptable range or at a constant level). Also,
when a data voltage corresponds to a high gradation, the
compensation voltage can be a voltage that instantly
decreases as illustrated in FIG. 3A. When a data voltage
corresponds to a low gradation, the compensation voltage
can be a voltage that instantly increases as illustrated in FIG.
3B.

[0096] The above description and the accompanying
drawings provide examples of the technical idea of the
present invention for illustrative purposes only. Those hav-
ing ordinary knowledge in the technical field, to which the
present invention pertains, will appreciate that various modi-
fications and changes in form, such as combination, sepa-
ration, substitution, and change of a configuration, are
possible without departing from the present invention.
Therefore, the embodiments disclosed in the present inven-
tion are intended to illustrate examples of the present
invention, and the scope of the present invention is not
limited by the embodiments. The scope of the present
invention shall be construed based on the accompanying
claims so all of the technical ideas included within the scope
equivalent to the claims belong to the present invention.

What is claimed is:
1. An organic light emitting display device, comprising:
a display panel including at least one pixel and configured

to express brightness based on a driving current corre-
sponding to a data voltage;

a power source unit configured to supply power to the
display panel; and

a controller configured to:

output a mode control signal for determining a normal
mode and a standby mode,

drive the display panel to display a first frame for a first
time period in the normal mode based on the mode
control signal, and

drive the display panel to display a second frame for a
second time period that is longer than the first time
period in the standby mode based on the mode
control signal,

wherein the power source unit supplies a compensation
voltage to the at least one pixel during the standby
mode for compensating a change in the data voltage in
the at least one pixel.
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2. The device of claim 1, wherein the at least one pixel
comptises:

an organic light emitting diode;

a driving transistor for supplying the driving current to the

organic light emitting diode; and

a capacitor configured to apply the data voltage to a gate

electrode of the driving transistor,

wherein the compensation voltage is supplied to the

capacitor during the second time period.

3. The device of claim 2, wherein the capacitor has a first
electrode and a second electrode, the first electrode is
connected to the gate electrode of the driving transistor, and

wherein the compensation voltage is supplied to the

second electrode of the capacitor.

4. The device of claim 2, wherein the compensation
voltage changes to compensate a change in the data voltage
stored in the capacitor during the second time period.

5. The device of claim 2, wherein the organic light
emitting diode receives power from a first voltage line
connected to the driving transistor, and

wherein a second voltage line supplies the compensation

voltage and the compensation voltage changes during
the second time period.

6. The device of claim 2, wherein the organic light
emitting diode receives power from a first voltage line
connected to the driving transistor, and

wherein the first voltage line supplies the compensation

voltage and the compensation voltage changes during
the second time period.

7. The device of claim 1, wherein the compensation
voltage supplied to the at least one pixel instantly decreases
in response to the data voltage corresponding to a high
gradation corresponding to a bright luminance.

8. The device of claim 1, wherein the compensation
voltage supplied to the at least one pixel instantly increases
in response to the data voltage corresponding to a low
gradation corresponding to a low luminance.

9. The device of claim 1, wherein the compensation
voltage reduces a flicker in the display panel during the
standby mode.

10. The device of claim 1, wherein the compensation
voltage maintains a luminance of the at least one pixel at a
constant level during the second time period.

11. An organic light emitting display device, comprising:

a display panel including a plurality of pixels and con-

figured to express brightness based on a driving current
corresponding to a data voltage;

a controller configured to:

drive the display panel with high frequency driving
based on a mode control signal,

drive the display panel with low frequency driving that
updates the data voltage less frequently than the high
frequency driving based on the mode control signal;
and

a power source unit configured to:

receive the mode control signal from the controller,

supply a first power source and a second power source
to the display panel, and

supply a compensation voltage to at least one pixel
among the plurality of pixels during the low fre-
quency driving to maintain the magnitude of the
driving current.

12. The device of claim 11, wherein the at least one pixel
comprises:
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an organic light emitting diode;
a driving transistor for supplying the driving current to the
organic light emitting diode; and
a capacitor configured to apply the data voltage to a gate
electrode of the driving transistor,
wherein the compensation voltage is supplied to the
capacitor during the low frequency driving.
13. The device of claim 12, wherein the compensation
voltage changes to compensate a change in the data voltage
stored in the capacitor during the low frequency driving.

14. The device of claim 12, wherein the at least one pixel
receives power from a first voltage line connected to the
driving transistor, and

wherein a second voltage line supplies the compensation

voltage to the at least one pixel and the compensation
voltage changes during the low frequency driving.

15. The device of claim 12, wherein the at least one pixel
receives power from a first voltage line connected to the
driving transistor, and

wherein the first voltage line supplies the compensation

voltage to the at least one pixel and the compensation
voltage changes during the low frequency driving.

16. The device of claim 11, wherein the compensation
voltage supplied to the at least one pixel instantly decreases
in response to the data voltage corresponding to a high
gradation, and

wherein the compensation voltage supplied to the at least
one pixel instantly increases in response to the data
voltage corresponding to a low gradation.

17. A driving method of controlling an organic light
emitting display device including a plurality of pixels, which
express brightness based on a magnitude of a driving current
corresponding to an applied data voltage, the method com-
prising:

outputting a mode control signal enabling at least one

pixel among the plurality of pixels to operate in a
normal driving mode or a standby driving mode; and

maintaining an amount of the driving current that flows
through the at least one pixel at a level corresponding
to the data voltage when the pixel is operated in the
standby driving mode.

18. The method of claim 17, wherein the data voltage
applied to the at least one pixel is updated after a first time
period during the normal driving mode, and

wherein the data voltage applied to the at least one pixel
is updated after a second time period that is longer than
the first time period during the standby driving mode.

19. The method of claim 17, wherein the maintaining of
the amount of the driving current comprises:

supplying a compensation voltage to the at least one pixel
during the standby driving mode.

20. The method of claim 19, wherein the compensation
voltage supplied to the at least one pixel instantly decreases
in response to the data voltage corresponding to a high
gradation corresponding to a bright luminance, and

wherein the compensation voltage supplied to the at least

one pixel instantly increases in response to the data
voltage corresponding to a low gradation correspond-
ing to a low luminance lower than the bright luminance.
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