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ORGANIC LIGHT EMITTING DISPLAY
DEVICE HAVING TWO POWER DRIVERS
FOR SUPPLYING DIFFERENT POWERS, AND
DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 12/964,636, filed Dec. 9, 2010, which claims
priority to and the benefit of Korean Patent Application No.
10-2010-0044902, filed on May 13, 2010, the entire content
of both of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention relate to an
organic light emitting display device and a driving method
thereof.

[0004] 2. Discussion of Related Art

[0005] Recently, a variety of flat panel displays that makes
it possible to reduce the faults, the weight, and the volume of
cathode ray tubes, has been developed. Typical flat panel
displays include liquid crystal displays, field emission dis-
plays, plasma display panels, and organic light emitting dis-
play devices, etc.

[0006] The organic light emitting display device of the flat
panel display devices displays an image using organic light
emitting diodes that emit light by the recombination of elec-
trons and holes, and has high response speed, and is driven at
low power consumption.

[0007] Ingeneral, the organic light emitting display devices
are classified into passive matrix organic light emitting dis-
play devices (PMOLEDs) and active matrix organic light
emitting display devices (AMOLEDs), in accordance with
the method of driving the organic light emitting diodes.
[0008] The active matrix organic light emitting display
device includes a plurality of scan lines, a plurality of data
lines, a plurality of power source lines, and a plurality of
pixels coupled with the lines and arranged in a matrix. Each of
the pixels typically includes an organic light emitting diode, a
driving transistor for controlling the amount of current sup-
plied to the organic light emitting diode, a switching transis-
tor for transmitting a data signal to the driving transistor, and
a storage capacitor for maintaining a voltage of the data
signal.

[0009] The active matrix organic light emitting display
device has the advantage of consuming low power, but has a
problem that display is not uniform because the magnitude of
current flowing through an organic light emitting element is
changed due to a voltage difference between a gate and a drain
of a driving transistor that drives the organic light emitting
element, that is, a threshold voltage difference between the
driving transistors in different pixels.

[0010] That is, properties of the transistors included in pix-
els are changed by variables in the manufacturing process,
and accordingly, the threshold voltage difference of the driv-
ing transistors exists between the pixels. Currently, a com-
pensating circuit that can compensate for the threshold volt-
age of the driving transistors is used to reduce the non-
uniformity between the pixels.

[0011] The compensating circuit, however, additionally
includes a plurality of transistors, capacitors, and signal lines
for controlling the transistors. Therefore, the pixel including
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the compensating circuit has a problem that the aperture ratio
is decreased and the possibility of defect increases.

SUMMARY

[0012] Embodiments of the present invention provide a
pixel including two transistors and two capacitors. Further,
embodiments of the present invention provide an organic
light emitting display device that can display an image with
desired luminance regardless of the threshold voltage of a
driving transistor by driving pixels in a concurrent (e.g.,
simultaneous) emission method, and a method of driving the
organic light emitting display device.

[0013] According to an aspect of embodiments of the
present invention, there is provided an organic light emitting
display device including a display unit including pixels
coupled to scan lines and data lines, control lines coupled to
the pixels, a control line driver configured to supply control
signals to the pixels through the control lines, a first power
driver configured to apply first power, which changes
between a first low level and a first high level, to the pixels,
and a second power driver configured to apply second power,
which changes between a second low level and a second high
level, to the pixels, wherein each of the pixels includes an
organic light emitting diode, a driving transistor configured to
control an amount of current supplied to the organic light
emitting diode, and an initializing transistor coupled to an
anode electrode of the organic light emitting diode and con-
figured to be turned on during a reset period in one frame to
supply areset voltage, which is lower than the first high level
of the first power, to the anode electrode of the organic light
emitting diode.

[0014] The organic light emitting display device may fur-
ther include a scan driver configured to supply scan signals to
the scan lines, a data driver configured to supply data signals
to the data lines in synchronization with the scan signals, and
a timing controller configured to control the scan driver, the
data driver, and the control line driver.

[0015] The first power driver may be configured to supply
the first power at the first high level during a period in which
the pixels are charged with a voltage corresponding to a
threshold voltage of the driving transistor and data signals and
during a period in which the pixels emit light, and may be
configured to supply the first power at the first low level
during other periods.

[0016] The second power driver may be configured to sup-
ply the second power at the second low level during a period
in which the pixels concurrently emit light, and may be con-
figured to supply the second power at the second high level
during other periods.

[0017] Each of the pixels may further include a second
capacitor including a first terminal and a second terminal, the
first terminal being coupled to a gate electrode of the driving
transistor, a first transistor coupled between a corresponding
data line of the data lines and the second terminal of the
second capacitor, and configured to be turned on when a scan
signal is supplied to a corresponding scan line of the scan
lines, a third transistor coupled between the anode electrode
of the organic light emitting diode and the gate electrode of
the driving transistor and configured to be turned on when a
corresponding one of control signals is supplied to a corre-
sponding control line of the control lines, and a first capacitor
coupled between the second terminal of the second capacitor
and the first power driver.



US 2014/0071110 Al

[0018] The initializing transistor may be coupled between
the anode electrode of the organic light emitting diode and a
reset power supply configured to supply the reset voltage, the
initializing transistor may also be configured to be turned on
earlier than the third transistor.

[0019] The organic light emitting display device may fur-
ther include one or more reset lines coupled to the pixels,
wherein the control line driver is configured to supply reset
signals to the one or more reset lines before the control signals
are supplied to the control lines.

[0020] The reset signals supplied to the one or more reset
lines may be concurrently supplied to all of the pixels.

[0021] The initializing transistor may be coupled between
the anode electrode of the organic light emitting diode and a
reset power supply configured to supply the reset voltage, the
initializing transistor may also be configured to be turned on
when a corresponding reset signal of reset signals is supplied.

[0022] The initializing transistor may be coupled between
the anode electrode of the organic light emitting diode and the
first power driver, and may be configured to be turned on
when a corresponding reset signal of reset signals supplies a
voltage of the first power driver at the first low level as the
reset voltage.

[0023] A first electrode of the initializing transistor may be
coupled to the anode electrode of the organic light emitting
diode, and a second electrode and a gate electrode of the
initializing transistor may be coupled to the first power driver.

[0024] The third transistor positioned on an i-th (i is a
natural number) horizontal line may be configured to be
turned on when an i-th control signal of the control signals is
supplied to an i-th control line of the control lines, and the
initializing transistor positioned on the i-th horizontal line
and coupled between the anode electrode of the organic light
emitting diode and a reset power supply configured to supply
the reset voltage may be configured to be turned on when an
i-1-th control signal of the control signals is supplied to an
i-1-th control line of the control lines.

[0025] According to another aspect of embodiments of the
present invention, there is provided a method of driving an
organic light emitting display device, which includes a) sup-
plying a reset voltage to an anode electrode of an organic light
emitting diode included in pixels, b) charging a second
capacitor included in the pixels with a voltage corresponding
to a threshold voltage of a driving transistor and charging a
first capacitor with a voltage corresponding to a data signal of
data signals while sequentially supplying scan signals to scan
lines, ¢) controlling a voltage of a gate electrode of the driving
transistor while supplying the scan signals to the scan lines
and supplying a voltage to data lines, and d) controlling an
amount of current flowing to a second power supply from a
first power supply through the organic light emitting diode in
accordance with the voltage of the gate electrode of the driv-
ing transistor.

[0026]

[0027] Each of the pixels may include an initializing tran-
sistor coupled between the organic light emitting diode and a
reset power supply supplying the reset voltage, wherein the
initializing transistors included in the pixels may be concur-
rently turned on during a).

[0028] A power of the first power supply at a low level may
be supplied during a), and the power of the first power supply
at a high level may be supplied during b)-d).

One frame may be implemented during a)-d).
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[0029] A power of the second power supply at a high level
may be supplied during a)-c¢), and the power of the second
power supply at a low level may be supplied during d).
[0030] Each of the pixels may include an initializing tran-
sistor coupled between the organic light emitting diode and a
reset power supply supplying the reset voltage, the initializ-
ing transistors included in the pixels may also be sequentially
turned on line-by-line during a).

[0031] A power ofthe first power supply at a high level may
be supplied during a)-d).

[0032] A power of the second power supply at a high level
may be supplied during a)-c) and the power of the second
power supply at a low level may be supplied during d).
[0033] Thereset voltage may have a level lower than a first
power supply voltage of the first power supply thatis supplied
during d).

[0034] The voltage to the data lines may be within a voltage
range of the data signals corresponding to a plurality of gra-
dations.

[0035] The voltage to the data lines may be lower than the
voltage of the data signal having middle gradation.

[0036] Ann-th (nis a natural number) frame may display a
left-eye image and an n+1-th frame may display a right-eye
image, with respect to a frame sequentially processed.
[0037] An entire time between an n-th emission period of
the n-th frame and an n+1-th emission period of the n+1-th
frame may be implemented in synchronization with a
response time of shutter spectacles.

[0038] According to an organic light emitting display
device of an embodiment of the present invention and a
method of driving the organic light emitting display device, it
is possible to compensate for the threshold voltage of a driv-
ing transistor, using pixels including four transistors and two
capacitors. Further, the present invention can stably display a
3D image, because it operates in a concurrent (e.g., simulta-
neous) emission method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve to
explain the principles of embodiments of the present inven-
tion.

[0040] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to embodiments of the
present invention;

[0041] FIG. 2 is a diagram illustrating an operation in a
concurrent (e.g., simultaneous) emission method according
to an embodiment of the present invention;

[0042] FIG. 3isadiagram illustrating an example of imple-
menting a shutter spectacle type 3D display in a progressive
emission method;

[0043] FIG. 4is a diagram illustrating an example of imple-
menting a shutter spectacle type 3D display in a concurrent
(e.g., simultaneous) emission method according to an
embodiment of the present invention;

[0044] FIG. 5isadiagramillustrating a first embodiment of
a pixel shown in FIG. 1;

[0045] FIGS. 6A to 6E are diagrams illustrating a method
of driving the pixel of the embodiment shown in FIG. 5;
[0046] FIG. 7 is a diagram illustrating a second embodi-
ment of a pixel shown in FIG. 1;

[0047] FIG. 8is a diagram illustrating a third embodiment
of a pixel shown in FIG. 1;
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[0048] FIG.9 is a waveform diagram illustrating a driving
method according to another embodiment of the present
invention; and

[0049] FIG. 10 is a waveform diagram illustrating a driving
method according to another embodiment of the present
invention.

DETAILED DESCRIPTION

[0050] Hereinafter, certain exemplary embodiments
according to the present invention will be described with
reference to the accompanying drawings. Here, when a first
element is described as being coupled or connected to a
second element, the first element may be directly coupled or
connected to the second element but may be indirectly
coupled to the second element via one or more other ele-
ments. Further, some of the elements that are not essential to
a complete understanding of the invention are omitted for
clarity. Also, like reference numerals refer to like elements
throughout.

[0051] Exemplary embodiments of the present invention
are described in detail with reference to FIGS. 1 to 10.
[0052] FIG. 1 is a block diagram illustrating an organic
light emitting display device according to an embodiment of
the present invention.

[0053] Referring to FIG. 1, an organic light emitting dis-
play device includes: a display unit 130 including pixels 140
coupled with scan lines S1 to Sn, control lines GC1 to GCn,
reset lines R1 to Rn, and data lines D1 to Dm; a scan driver
110 for supplying scan signals to the scan lines S1 to Sn; a
control line driver 160 for supplying control signals and reset
signals to the control lines GC1 to GCn and the reset lines R1
to Rn, respectively; a data driver for 120 supplying data
signals to the data lines D1 to Dm; and a timing controller 150
for controlling the scan driver 110, the data driver 120, and the
control line driver 160.

[0054] Further, the organic light emitting display device
according to an embodiment of the present invention includes
a first power driver 170 for supplying power of a first power
supply ELVDD to the pixels 140 and a second power driver
180 for supplying power of a second power supply ELVSS to
the pixels 140.

[0055] The scandriver 110 supplies scan signals to the scan
lines S1 to Sn. In one embodiment, the scan driver 110
sequentially or concurrently (e.g., simultaneously) supplies
scan signals to the scan lines S1 to Sn during one frame
period.

[0056] The data driver 120 supplies data signals to the data
lines D1 to Dm in synchronization with the scan signals
sequentially supplied to the scan lines S1 to Sn during the
scan period. Further, the data driver 120 supplies voltage
(e.g., predetermined voltage) to the data lines D1 to Dm
during periods other than the period in which the data signals
are supplied, in one frame period. For example, the data driver
120 supplies a voltage (e.g., a predetermined voltage) to the
data lines D1 to Dm, in which the voltage is in the voltage
range (e.g., 1-6V) of the data signals.

[0057] The control line driver 160 supplies control signals
and reset signals to the control lines GC1 to GCn and the reset
lines R1 to Rn, respectively. In one embodiment, the reset
signals are concurrently (e.g., simultaneously) supplied to all
of the pixels 140, and the control signals are concurrently
(e.g., simultaneously) or sequentially supplied to all of the
pixels 140 for each horizontal line. Therefore, as few as only
onereset line may be installed to be coupled to all of the pixels
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140. That is, one or more reset lines may be coupled to the
pixels, corresponding to the design parameters in embodi-
ments of the present invention.

[0058] Thedisplay unit 130 has the pixels 140 positioned at
the crossing regions of the scan lines S1 to Sn and the data
lines D1 to Dm. The pixels 140 are supplied with power from
the first power supply ELVDD and the second power supply
ELVSS. The pixels 140 control the amount of current sup-
plied to a second power supply ELVSS through organic light
emitting diodes from a first power supply ELVDD inresponse
to the data signals, during the emission period in one frame
period. Accordingly, light having luminance (e.g., predeter-
mined luminance) is generated in the organic light emitting
diode.

[0059] The first power driver 170 supplies power of the first
power supply ELVDD to the pixels 140. In one embodiment,
the first power driver 170 supplies power, which alternates
between a high level and a low level, of the first power supply
ELVDD during each frame period. In one embodiment, the
high level of the power of the first power supply ELVDD
implies voltage allowing current to flow in the pixels 140 and
the low level implies voltage preventing current from flowing
in the pixels 140.

[0060] The second power driver 180 supplies power of the
second power supply ELVSS to the pixels 140. In one
embodiment, the second power driver 180 supplies power,
which alternates between a high level and a low level, of the
second power supply ELVSS during each frame period. In
one embodiment, the high level of the power of the second
power supply ELVSS implies voltage preventing current
from flowing in the pixels 140 and the low level implies
voltage allowing current to flow in the pixels 140. For
example, the pixels 140 emit light during the emission period
in which the first power supply ELVDD is set at a high level
and the second power supply ELVSS is set at a low level in
one frame period.

[0061] FIG. 2is a diagram illustrating a method of driving
an organic light emitting display device according to an
embodiment of the present invention.

[0062] Referring to FIG. 2, the organic light emitting dis-
play device according to one embodiment of the present
invention operates in a concurrent (e.g., simultaneous) emis-
sion method. In general, the driving method is classified as a
progressive emission method or a concurrent (e.g., simulta-
neous) emission method. The progressive emission method
implies a method of sequentially inputting data to scan lines
and sequentially emitting light by using pixels in each hori-
zontal line in the same order of data input.

[0063] The concurrent (e.g., simultaneous) emission
method implies a method of sequentially inputting data for
each scan line and concurrently (e.g., simultaneously) emit-
ting light by using pixels after the data is inputted to all ofthe
pixels. One frame of embodiments according to the present
invention driven in the concurrent (e.g., simultaneous) emis-
sion method is divided into (a) a reset period, (b) a threshold
voltage compensation period, (c) a scan petiod, and (d) an
emission period. In one embodiment, the pixels 140 are
sequentially driven for each scan line during (c) the scan
period, and all the pixels (140) are concurrently (e.g., simul-
taneously) driven during (a) the reset period, (b) the threshold
voltage compensation period, and (d) the emission period.
[0064] The reset period (a) is a period in which the voltage
of the driving transistors and the anode electrodes of the
organic light emitting diodes, which are included in the pixels
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140, are initialized to the voltage of reset power. In one
embodiment, the reset power has a voltage lower than the
voltage of the high-level first power and the high-level second
power. For example, the voltage of the reset power may be the
same as or lower than the voltage of the low-level second
power source ELVSS such that the gate electrode of the
driving transistor can be stably initialized.

[0065] The threshold voltage compensation period (b) is a
period in which the threshold voltage of the driving transis-
tors is compensated. Second capacitors included in the pixels
140 are charged with a voltage corresponding to the threshold
voltage of the driving transistors during the threshold voltage
compensation period.

[0066] The scanperiod (c) is a period in which data signals
are supplied to the pixels 140. First capacitors included in the
pixels 140 are charged with voltages corresponding to the
data signals during the scan period.

[0067] The emission period (d) is a period in which the
pixels 140 emit light in response to the data signals supplied
during the scan period.

[0068] As described above, according to the driving
method of embodiments of the present invention, it is possible
to reduce the number of transistors in compensating circuits
in the pixels 140 and signal lines, because the operational
periods (a) to (d) are clearly separated in terms of time.
Further, it is easy to implement a shutter spectacle type 3D
display, because the operational periods (a) to (d) are clearly
separated in terms of time.

[0069] The shutter spectacle type 3D display alternately
outputs lefi-eye and right-eye images for each frame. A user
wears “shutter spectacles” or “a pair of shutter glasses” of
which the left-eye and right-eye transmittances switch in the
range of about 0% to about 100%. The shutter spectacles
supply the left-eye image and the right-eye image to the left
eye and the right eye, respectively, such that the user recog-
nizes a stereoscopic image.

[0070] FIG.31isadiagramillustrating an example of imple-
menting a shutter spectacle type 3D in a progressive emission
method.

[0071] Referring to FIG. 3, emission should be stopped for
the response time of the shutter spectacles (e.g., 2.5 ms) in
order to prevent or reduce cross talk between the left-eye/
right-eye images when a screen is operated (e.g., outputted)
by the progressive emission method. That is, a non-emission
period is additionally provided for as long as the response
time of the shutter spectacles between the frame (i-frame) (iis
anatural number) outputting the left-eye image and the frame
(i+1-frame) outputting the right-eye image, such that emis-
sion duty ratio decreases.

[0072] FIG.4isadiagramillustrating an example of imple-
menting a shutter spectacle type 3D display in a concurrent
(e.g., simultaneous) emission method according to an
embodiment of the present invention.

[0073] Referring to FIG. 4, light is concurrently (e.g.,
simultaneously) emitted from the entire display unit and the
pixels 140 are set to a non-emission state in periods other than
the emission period when a screen is operated (e.g., output-
ted) in the concurrent (e.g., simultaneous) emission method.
Therefore, a non-emission period can be naturally ensured
between the left-eye image output period and the right-eye
image output period.

[0074] That is, the pixels 140 are set to the non-emission
state for the reset period, threshold voltage compensation
period, and scan period, between the i-frame and the i+1-
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frame, and it is not necessary to specifically reduce the emis-
sion duty ratio, unlike the progressive emission method of the
related art, by synchronizing the above periods with the
response time of the shutter spectacles.

[0075] FIG.5isacircuit diagram illustrating a firstembodi-
ment of a pixel shown in FIG. 1. The pixel coupled to the n-th
scan line Sn and the m-th data line Dm is shown in FIG. 5, for
the convenience of description. Further, it should be assumed
that the organic capacitor Coled shown in FIG. 5 is a capacitor
parasitically formed in the organic light emitting diode
OLED. The organic capacitor Coled typically has a capacity
larger than the first capacitor C1 (or the second capacitor C2).
[0076] Referring to FIG. 5, the pixel 140 according to the
first embodiment of the present invention includes an organic
light emitting diode OLED and a pixel circuit 142 for con-
trolling the amount of current supplied to the organic light
emitting diode OLED.

[0077] The anode electrode of the organic light emitting
diode OLED is coupled to the pixel circuit 142 and the cath-
ode electrode is coupled to the second power supply ELVSS.
The organic light emitting diode OLED produces light with
luminance (e.g., predetermined luminance) in accordance
with the current supplied from the pixel circuit 142.

[0078] The pixel circuit 142 is charged with a voltage cor-
responding to the data signal and the threshold voltage of a
driving transistor M2, and controls the amount of current
supplied to the organic light emitting diode OLED in accor-
dance with the charged voltage. For this operation, the pixel
circuit 140 includes four transistors M1 to M4 and two
capacitors C1, C2.

[0079] A gate electrode of the first transistor M1 is coupled
to the scan line Sn and a first electrode is coupled to the data
line Dm. Further, a second electrode of the first transistor M1
is coupled to a first node N1. The first transistor M1 is turned
on and electrically couples the data line Dm with the first node
N1 when the scan signal is supplied to the scan line Sn.
Throughout this specification, the first electrode of a transis-
tor is one of a source or drain electrode and the second
electrode of the transistor is the other one of the source or
drain electrode.

[0080] Thegateelectrode ofthe second transistor M2 (driv-
ing transistor) is coupled to a second node N2 and the first
electrode is coupled to the first power supply ELVDD. Fur-
ther, the second electrode of the second transistor M2 is
coupled to the anode of the organic light emitting diode
OLED. The second transistor M2 controls the amount of
current supplied to the organic light emitting diode OLED in
response to the voltage applied to the second node N2.
[0081] A firstelectrode of the third transistor M3 is coupled
to asecond electrode ofthe second transistor M2 and a second
electrode is coupled to second node N2. Further, the gate
electrode of the third transistor M3 is coupled to the control
line GCn. The third transistor M3 is turned on and diode-
connects the second transistor M2 when a scan signal is
supplied to the control line GCn.

[0082] A first electrode of the fourth transistor M4 is
coupled to the anode electrode of the organic light emitting
diode OLED and the second electrode is coupled to a reset
power supply Vr. Further, the gate electrode of the fourth
transistor M4 is coupled to a reset line Rn. The fourth tran-
sistor M4 is turned on and supplies voltage of the reset power
supply Vr to the anode electrode of the organic light emitting
diode OLED when a reset signal is supplied to the reset line
Rn.
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[0083] The first capacitor C1 is coupled between the first
node N1 and the first power supply ELVDD. The first capaci-
tor C1 is charged with a voltage corresponding to the data
signal.

[0084] Thesecond capacitor C2is coupled between the first
node N1 and the second node N2. The second capacitor C2 is
charged with a voltage corresponding to the threshold voltage
of the second transistor M2.

[0085] FIGS. 6A to 6E are diagrams illustrating a method
of driving the embodiment of a pixel shown in FIG. 5. The
first power supply ELVDD is set at a low level during a reset
period, and at a high level during the threshold voltage com-
pensation period, the scan period, and the emission period.
The second power supply ELVSS is set at a high level during
the reset period, the threshold voltage compensation period,
and the scan period, and at a low level during the emission
period. In one embodiment, the pixels 140 emit light during
the period in which the first power supply ELVDD is set at a
high level and the second power supply ELVSS is set at a low
level, that is, during only the emission period.

[0086] Referring to FIG. 6A, first, a reset signal is supplied
to the reset line Rn during the reset period.

[0087] As the reset signal is supplied to the reset line Rn,
the fourth transistor M4 is turned on. As the fourth transistor
M4 is turned on, the voltage of the reset power supply Vr is
supplied to the anode electrode of the organic light emitting
diode OLED. That is, the anode electrode of the organic light
emitting diode OLED is initialized to the voltage of the reset
power supply Vr during a first period T1 in the reset period.

[0088] A control signal is supplied to the control line GCn
during a second period T2 in the reset period, as shown in
FIG. 6B. As the control signal is supplied to the control line
GChn, the third transistor M3 is turned on. As the third tran-
sistor M3 is turned on, the voltage of the reset power supply
Vris supplied to the second node N2. That is, the second node
N2 and the anode electrode of the organic light emitting diode
OLED are initialized to the voltage of the reset power supply
Vr during the reset period.

[0089] In the threshold voltage compensation period after
the reset period, as shown in FIG. 6C, the control signals
remain supplied to the control line GCn and the third transis-
tor M3 remains turnied on. Further, the supply of the reset
signal to the reset line Rn is stopped and the fourth transistor
M4 is turned off during the threshold voltage compensation
period.

[0090] The second transistor M2 is diode-connected when
the third transistor M3 is turned on. In this process, the second
transistor M2 is turned on because the voltage of the second
node N2 is initialized to the voltage of the reset power Vr. As
the second transistor M2 is turned on, the voltage of the
second node N2 increases up to a level obtained by subtract-
ing the absolute value of the threshold voltage of the second
transistor M2 from the high-level voltage of the first power
supply ELVDD. The second transistor M2 is turned off after
the voltage of the second node N2 rises to the level obtained
by subtracting the absolute value of the threshold voltage of
the second transistor M2 from the voltage of the first power
supply ELVDD.

[0091] Meanwhile, ascan signal is supplied to the scan line
Sn during the threshold voltage compensation period. As the
scan signal is supplied to the scan line Sn, the first transistor
M1 is turned on. The data line Dm and the first node N1 are
electrically coupled when the first transistor M1 is turned on.
In this process, a voltage (e.g., predetermined voltage) is
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supplied to the data lines D1 to Dm. The voltage (e.g., pre-
determined voltage) may be set (e.g., to a specific voltage)
within the voltage range of a plurality of data signals, as
described above, for example, voltage higher than that of a
data signal corresponding to middle gradation.

[0092] During the threshold voltage compensation period,
the second capacitor C2 is charged with a voltage between the
first node N1 and the second node N2, that is, a voltage
corresponding to the threshold voltage of the second transis-
tor M2. In other words, the voltage (e.g., predetermined volt-
age) supplied to the first node N1 is set at the same level in all
of the pixels 140, but the voltage supplied to the second node
N2 is differently set for the pixels 140 and corresponds to the
threshold voltage of the second transistor M2. Therefore, the
voltage of the charged second capacitor C2 depends on the
threshold voltage of the second transistor M2, such that it is
possible to compensate for a threshold voltage difference of
the second transistor M2.

[0093] Thereafter, the scan signals are sequentially applied
to the scan lines S1 to Sn, as shown in FIG. 6D, and the data
signals are supplied to the data lines D1 to Dm in synchroni-
zation with the scan signals. As the scan signal is supplied to
the scan line Sn, the first transistor M1 is turned on. A data
signal from the data line Dm is supplied to the first node N1
when the first transistor M1 is turned on. In this process, the
first capacitor C1 is charged with a voltage (e.g., predeter-
mined voltage) corresponding to the data signal. Meanwhile,
the second node N2 is set to a floating state during the scan
period, such that the charged second capacitor C2 maintains
the level provided in the previous period, regardless of volt-
age changes of the first node N1.

[0094] Low-level power of the second power supply
ELVSS is supplied during the emission period and after the
scan period, as shown in FIG. 6E. In this case, the second
transistor M2 controls the amount of current flowing to the
organic light emitting diode OLED in accordance with the
voltage of the charged first and second capacitors C1, C2.
Therefore, an image with luminance (e.g., predetermined
luminance) corresponding to the data signal is displayed in
the display unit 130 during the emission period.

[0095] FIG. 7 is a circuit diagram illustrating a configura-
tion of a second embodiment of the pixel shown in FIG. 1. In
explaining FIG. 7, the same components as in FIG. 5 are
designated by the same reference numerals and the detailed
description thereof is not provided.

[0096] Referring to FIG. 7, a pixel 140" according to the
second embodiment of the present invention includes an
organic light emitting diode OLED and a pixel circuit 142' for
controlling the amount of current supplied to the organic light
emitting diode OLED. The pixel 140", for example, may
replace the pixel 140 of FIG. 1 according to embodiments of
the present invention.

[0097] A first electrode of the fourth transistor M4'
included in the pixel circuit 142' is coupled to a second elec-
trode of the second transistor M2 and a second electrode is
coupled to the first power supply ELVDD. Further, the gate
electrode of the fourth transistor M4' is coupled to a reset line
Ra. The fourth transistor M4' is turned on and electrically
couples the first power supply ELVDD with the anode elec-
trode of the organic light emitting diode OLED when a reset
signal is supplied to the reset line Rn.

[0098] The fourth transistor M4' is turned on and supplies
the voltage of the first power supply ELVDD at a low level to
the anode electrode of the organic light emitting diode OLED
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during the reset period. Therefore, the anode electrode of the
organic light emitting diode OLED and the second node N2
are set to the voltage of the first power supply ELVDD during
the reset period.

[0099] That is, the pixel 140" according to the second
embodiment of the present invention initializes the second
node N2 and the anode electrode of the organic light emitting
diode OLED by using the first power supply ELVDD at a low
level and without using a specific reset power supply. In this
case, since the reset power supply is not used, a power line for
connecting the reset power supply with the fourth transistor
M4' may not be required. Meanwhile, the pixel 140" accord-
ing to the second embodiment of the present invention ini-
tializes the second node N2 and the anode electrode of the
organic light emitting diode OLED using the first power
supply ELVDD at a low level, and the others in the driving
method are substantially the same as the pixel shown in FIG.
5 and the detailed description thereof is not provided.

[0100] FIG. 8 is a circuit diagram illustrating a configura-
tion of a third embodiment of the pixel shown in FIG. 1. In
explaining FIG. 8, the same components as in FIG. 5 are
designated by the same reference numerals and the detailed
description thereof is not provided.

[0101] Referring to FIG. 8, a pixel 140" according to the
third embodiment of the present invention includes an
organic light emitting diode OLED and a pixel circuit 142"
for controlling the amount of current supplied to the organic
light emitting diode OLED. The pixel 140", for example, may
replace the pixel 140 of FIG. 1 according to embodiments of
the present invention.

[0102] A first electrode of the fourth transistor M4"
included in the pixel circuit 142" is coupled to a second
electrode of the second transistor M2 and a second electrode
and a gate electrode are coupled to the first power supply
ELVDD. That is, the fourth transistor M4" is diode-connected
such that current can flow from the anode electrode of the
organic light emitting diode OLED to the first power supply
ELVDD.

[0103] When the fourth transistor M4" is diode-connected,
the voltage ofthe anode electrode of the organic light emitting
diode OLED corresponds to the voltage of the first power
supply ELVDD at a low level during the period in which
low-level power of the first power supply ELVDD is supplied,
that is, the reset period (the voltage is set substantially higher
than the first power supply at a low level, because of the
threshold voltage of the fourth transistor M4"). Further, the
voltage of the second node N2 is also substantially set to the
low-level voltage of the first power supply ELVDD during the
second period in the reset period in which the third transistor
M3 is turned on.

[0104] That is, the pixel 140" according to the third
embodiment of the present invention initializes the second
node N2 and the anode electrode of the organic light emitting
diode OLED using the diode-connected fourth transistor M4"
and without using a specific reset power supply and a reset
line. In this case, the reset power supply and the reset line are
not used. Meanwhile, the pixel 140" according to the second
embodiment of the present invention initializes the second
node N2 and the anode electrode of the organic light emitting
diode OLED using the fourth transistor M4' (see FIG. 7)
coupled in a diode shape, and the others in the driving method
are the same as the pixel shown in FIG. 5 and the detailed
description thereof is not provided.
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[0105] Meanwhile, in the driving method illustrated in
FIGS. 6A to 6E, one frame period is divided into the reset
period, threshold voltage compensation period, scan period,
and emission period, but the present invention is not limited
thereto. For example, the waveform may be freely set such
that the capacitors C1, C2 can be charged with a desired
voltage during the other periods, other than the emission
period, in embodiments of the present invention. For
example, as shown in FIG. 9, the threshold voltage of the
second transistor. M2 can be compensated for during the scan
period where scan signals are sequentially supplied to the
scan lines S1 to Sn. For example, as shown in FIG. 10, the
second node N2 can be initialized and the threshold voltage
thereof can be compensated for during the period where scan
signals are sequentially supplied to the scan lines S1 to Sn.
[0106] FIG. 9 is a waveform diagram illustrating a driving
method according to another embodiment of the present
invention.

[0107] Referring to FIG. 9, one frame period is divided into
a reset period, a scan period, and an emission period. The
voltage of the anode electrode of the organic light emitting
diode OLED is initialized in the reset period. The capacitors
C1, C2 are charged with a voltage corresponding to the data
signal and the threshold voltage of the second transistor M2
during the scan period. A current (e.g., predetermined cur-
rent) is supplied to the organic light emitting diode OLED in
accordance with the voltage applied to the second node N2 in
the emission period.

[0108] The first power supply ELVDD is set at a low level
during areset period, and at a high level during the scan period
and the emission period. The second power supply ELVSS is
set at a high level during the reset period and the scan period,
and ata low level during the emission period. In embodiments
according to the present invention, the pixels 140 emit light
during the period where the first power supply ELVDD is set
at a high level and the second power supply ELVSS is setat a
low level, that is, during only the emission period.

[0109] Explaining the operation process, a reset signal is
first supplied to the reset line Ru during the reset period. As
the reset signal is supplied to the reset line Rn, the fourth
transistor M4 is turned on. As the fourth transistor M4 is
turned on, the voltage of the reset power supply Vris supplied
to the anode electrode of the organic light emitting diode
OLED. That is, the anode electrode of the organic light emit-
ting diode OLED is initialized to the voltage of the reset
power supply Vr, during the reset period.

[0110] Meanwhile, scan signals are supplied (e.g., simul-
taneously supplied) to the scan lines S1 to Sn during some
periods in the reset period. As the scan signals are supplied to
the scan line Sn, the first transistor M1 is turned on, and the
first node N1 and the data line Dm are electrically coupled. In
this process, a voltage (e.g., predetermined voltage) is sup-
plied to the first node N1 from the data line Dm.

[0111] As the scan signals are supplied to scan lines S1 to
Sn during some periods in the reset period, as described
above, voltage (e.g., predetermined voltage) is supplied to the
first nodes N1 included in all of the pixels 140. In other words,
the same voltage is supplied to the first nodes N1 in all of the
pixels 140, and accordingly, it is possible to improve reliabil-
ity in driving.

[0112] Scan signals are sequentially supplied to the scan
lines S1 to Sn and control signals are sequentially supplied to
the control lines GC1 to GCn during a first period P1 in the
scan period. In one embodiment, the scan signal supplied to
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the i-th (i is a natural number) scan line Si is supplied in
synchronization with the control signal supplied to the i-th
control line GCi. Further, data signals are supplied to the data
lines D1 to Dm in synchronization with the scan signals
during the scan period.

[0113] As the scan signal is supplied to the scan line, the
first transistor M1 is turned on, and as the control signal is
supplied to the control line GCn, the third transistor M3 is
turned on. A data signal from the data line Dm is supplied to
the first node N1, when the first transistor M1 is turned on.
[0114] As thethird transistor M3 is turned on, the voltage of
the second node N2 drops substantially to the voltage of the
reset power supply Vr. For example, as the third transistor M3
1s turned on, the second node N2 and the anode electrode of
the organic light emitting diode OLED are electrically
coupled. In this process, the voltage of the second node N2 is
dropped by the voltage of the reset power supply at which the
organic capacitor Coled is charged.

[0115] In this process, the second transistor M2 that is
diode-connected is turned on after the voltage of the second
node N2 drops. That is, the voltage of the second node N2 is
set to a lower level than the voltage of the first power supply
ELVDD at a high level, and accordingly, the second transistor
is turned on. As the second transistor M2 is turned on, the
voltage of the second node N2 increases up to a level obtained
by subtracting the absolute value of the threshold voltage of
the second transistor M2 from the high-level voltage of the
first power supply ELVDD. The second transistor M2 is
turned off after the voltage of the second node N2 rises to the
level obtained by subtracting the absolute value of the thresh-
old voltage ofthe second transistor M2 from the voltage of the
first power supply ELVDD.

[0116] In one embodiment, the second capacitor C2 is
charged with a voltage corresponding to the data signal
applied to the first node N1 and the threshold voltage of the
second transistor M2. Further, the first capacitor C1 is
charged with a voltage corresponding to a difference between
the data signal and the power of the first power supply at a
high level. That is, the second capacitor C2 is charged with a
voltage corresponding to the threshold voltage of the second
transistor, and the capacitor C1 is charged with a voltage
corresponding to the data signal during the first period P1 in
the scan period.

[0117] Scan signals are supplied (e.g., simultaneously sup-
plied) to the scan lines S1 to Sn during a second period P2 of
the scan period. In this process, voltage (e.g., predetermined
voltage) is supplied to the data lines D1 to Dm.

[0118] As thescansignal is supplied to the scan line Sn, the
first transistor M1 is turned on. A voltage (e.g., predetermined
voltage)is supplied from the data line Dm to the first node N1
when the first transistor M1 is turned on. In this process, the
voltage of the first node N1 changes from the voltage of the
data signal to the voltage (e.g., predetermined voltage), and
the voltage of the second node N2 changes in response to the
amount of change of voltage of the first node N1.

[0119] The voltage (e.g., predetermined voltage) is set
within the voltage range (e.g. 1-6V) of the data signals, for
example, lower than the voltage of the data signal having
middle gradation. For example, the voltage of the second
node N2 is set to a value obtained by subtracting the threshold
voltage of the second transistor M2 from the first power
supply ELVDD at a high level during the first period P1.
Therefore, the voltage of the second node N2 is controlled to
control the amount of current supplied to the organic light
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emitting diode OLED from the second transistor by the volt-
age (e.g., predetermined voltage) supplied to the first node N1
during the second period P2.

[0120] Forexample, a voltage (e.g., the predetermined volt-
age) of 2V may be supplied when the data signals have a
voltage range of 1-6V. In this case, the voltage of the second
node N2 is increased by the voltage of 2V supplied to the first
node N1 during the second period P2, and accordingly, black
gradation can be displayed when a data signal at 1V is sup-
plied during the first period P1.

[0121] In this case, the voltage of the second node N2 is
maintained by the voltage of 2V supplied to the first node N1
during the second period P2, and accordingly, minute grada-
tion can be implemented when a data signal at 2V is supplied
during the first period P1. Further, the voltage of the second
node N2 is decreased by the voltage of 2V supplied to the first
node N1 during the second period P2, and accordingly, white
gradation can be implemented when a data signal at 6V is
supplied during the first period P1.

[0122] Thesecond power supply ELVSSis setata low level
during the emission period. In this case, the second transistor
M2 controls the amount of current flowing to the organic light
emitting diode OLED in response to the voltage applied to the
second node N2. Therefore, an image with predetermined
luminance corresponding to the data signal is displayed in the
display unit 130 during the emission period.

[0123] FIG. 10 is a waveform diagram illustrating a driving
method according to another embodiment of the present
invention.

[0124] Referring to FIG. 10, one frame reset period is
divided into a scan period and an emission period.

[0125] The capacitors C1, C2 are charged with a voltage
corresponding to the data signal and the threshold voltage of
the second transistor M2 during the scan period. In one
embodiment, the scan period includes a process of initializing
the voltage of the anode electrode of the organic light emitting
diode OLED to a voltage of the reset power supply Vr. Mean-
while, the gate electrode of the fourth transistor of the n-th
horizontal line is coupled to the n-1-th control line GCn-1, so
that the anode electrode of the organic light emitting diode
OLED can be initialized during the scan period in the
described embodiment of the present invention. The structure
of the pixel 140, except for those described above, is the same
as that of the embodiment shown in FIG. 5 and the detailed
description thereof is not provided.

[0126] A current (e.g., predetermined current) is supplied
to the organic light emitting diode OLED in response to the
voltage applied to the second node N2 in the emission period.
[0127] The first power supply ELVDD maintains a high
level during one frame period. The second power supply
ELVSS is set at a high level during the scan period, and is set
at a low level during the emission period. In this state, the
pixel 140 produces light with a luminance (e.g., predeter-
mined luminance) during only the emission period where the
second power source ELVSS is set at a low level.

[0128] Explaining the operation process, first, scan signals
are sequentially supplied to the scan lines S1 to Sn and control
signals are sequentially supplied to the control lines GC1 to
GCn during the scan period. In the described embodiment,
the scan signal supplied to the i-th is a natural number) scan
line Si is supplied in synchronization with the control signal
supplied to the i-th control line GCi. Further, data signals are
supplied to the data lines D1 to Dm in synchronization with
the scan signals during the scan period.
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[0129] As the control signal is supplied to the n-1-th control
line GCn-1, the fourth transistor M4 is turned on. As the
fourth transistor M4 is turned on, the voltage of the reset
power supply Vr is supplied to the anode electrode of the
organic light emitting diode OLED. That is, the anode elec-
trode of the organic light emitting diode OLED is initialized
to the voltage of the reset power supply Vr, during the period
where the control signal is supplied to the n-1-th control
signal GCn-1.

[0130] As the scan signal is supplied to the scan line, the
first transistor MI is turned on, and as the control signal is
supplied to the control line GCn, the third transistor M3 is
turned on. A data signal from the data line Dm is supplied to
the first node N1 when the first transistor M1 is turned on. As
the third transistor M3 is turned on, the voltage of the second
node N2 is dropped by the voltage of the reset power supply
at which the organic capacitor Coled is charged.

[0131] In this process, the second transistor M2 that is
diode-connected is turned on after the voltage of the second
node N2 drops. That is, the voltage of the second node N2 is
set to a lower level than the voltage of the first power supply
ELVDD at a high level, and accordingly, the second transistor
is turned on. As the second transistor M2 is turned on, the
voltage of the second node N2 increases up to a level obtained
by subtracting the absolute value of the threshold voltage of
the second transistor M2 from the high-level voltage of the
first power supply ELVDD. The second transistor M2 is
turned off after the voltage of the second node N2 rises to the
level obtained by subtracting the absolute value of the thresh-
old voltage ofthe second transistor M2 from the voltage of the
first power supply ELVDD.

[0132] In one embodiment, the second capacitor C2 is
charged with a voltage corresponding to the data signal
applied to the first node N1 and the threshold voltage of the
second transistor M2. Further, the first capacitor C1 is
charged with a voltage corresponding to a difference between
the data signal and the power of the first power supply at a
high level.

[0133] Thereafter, the first capacitor C1 and the second
capacitor C2 are charged with a voltage (e.g., predetermined
voltage) and then scan signals are supplied (e.g., simulta-
neously supplied) to the scan lines S1 to Sn. In this process,
voltage (e.g., predetermined voltage) is supplied to the data
lines D1 to Dm.

[0134] As thescansignal is supplied to the scan line Sn, the
first transistor M1 is turned on. A voltage (e.g., predetermined
voltage)is supplied from the data line Dm to the first node N1
when the first transistor M1 is turned on. In this process, the
voltage of the first node N1 is changed from the voltage of the
data signal to the voltage (e.g., predetermined voltage), and
the voltage of the second node N2 changes in response to the
amount of change of voltage of the first node N1.

[0135] Thesecondpower supply ELVSSis setata low level
during the emission period. In this case, the second transistor
M2 controls the amount of current flowing to the organic light
emitting diode OLED inresponse to the voltage applied to the
second node N2. Therefore, an image with a luminance (e.g.,
predetermined luminance) corresponding to the data signal is
displayed in the display unit 130 during the emission period.

[0136] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
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ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. An organic light emitting display device, comprising:

a display unit comprising pixels coupled to scan lines and
data lines;

control lines coupled to the pixels;

a control line driver configured to supply control signals to
the pixels through the control lines;

a first power driver configured to apply first power, which
changes between a first low level and a first high level, to
the pixels;

a second power driver configured to apply second power,
which changes between a second low level and a second
high level, to the pixels; and

one or more reset lines coupled to the pixels,

wherein each of the pixels comprises:
an organic light emitting diode;

a driving transistor configured to control an amount of
current supplied to the organic light emitting diode;

an initializing transistor coupled to an anode electrode of
the organic light emitting diode and configured to be
turned on during a reset period in one frame to supply
areset voltage, which is lower than the first high level
of the first power, to the anode electrode of the organic
light emitting diode;

a second capacitor comprising a first terminal and a
second terminal, the first terminal being coupled to a
gate electrode of the driving transistor;

a first transistor coupled between a corresponding data
line of the data lines and the second terminal of the
second capacitor, and configured to be turned on
when a scan signal is supplied to a corresponding scan
line of the scan lines;

athird transistor coupled between the anode electrode of
the organic light emitting diode and the gate electrode
of the driving transistor and configured to be turned on
when a corresponding one of control signals is sup-
plied to a corresponding control line of the control
lines; and

a first capacitor coupled between the second terminal of
the second capacitor and the first power driver,

wherein the control line driver is configured to supply reset
signals to the one or more reset lines before the control
signals are supplied to the control lines, and

wherein a first electrode of the initializing transistor is
coupled to the anode electrode of the organic light emit-
ting diode, and a second electrode and a gate electrode of
the initializing transistor are coupled to the first power
driver.

2. An organic light emitting display device, comprising:

a display unit comprising pixels coupled to scan lines and
data lines;

control lines coupled to the pixels;

a control line driver configured to supply control signals to
the pixels through the control lines;

a first power driver configured to apply first power, which
changes between a first low level and a first high level, to
the pixels; and

a second power driver configured to apply second power,
which changes between a second low level and a second
high level, to the pixels,
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wherein each of the pixels comprises:
an organic light emitting diode;

a driving transistor configured to control an amount of
current supplied to the organic light emitting diode;
and

an initializing transistor coupled to an anode electrode of
the organic light emitting diode and configured to be
turned on during a reset period in one frame to supply
areset voltage, which is lower than the first high level
of the first power, to the anode electrode of the organic
light emitting diode;

a second capacitor comprising a first terminal and a
second terminal, the first terminal being coupled to a
gate electrode of the driving transistor;

a first transistor coupled between a corresponding data
line of the data lines and the second terminal of the
second capacitor, and configured to be turned on
when a scan signal is supplied to a corresponding scan
line of the scan lines;

athird transistor coupled between the anode electrode of
the organic light emitting diode and the gate electrode
of the driving transistor and configured to be turned on
when a corresponding one of control signals is sup-
plied to a corresponding control line of the control
lines; and

a first capacitor coupled between the second terminal of
the second capacitor and the first power driver, and

wherein the third transistor positioned on an i-th (i is a
natural number) horizontal line is configured to be
turned on when an i-th control signal of the control
signals is supplied to an i-th control line of the control
lines, and the initializing transistor positioned on the i-th
horizontal line and coupled between the anode electrode
of the organic light emitting diode and a reset power
supply configured to supply the reset voltage is config-
ured to be turned on when an i-1-th control signal of the
control signals is supplied to an i-1-th control line of the
control lines.

3. A method of driving an organic light emitting display

device, the method comprising:

a) supplying a reset voltage to an anode electrode of an
organic light emitting diode included in pixels;

b) charging a second capacitor included in the pixels with
avoltage corresponding to a threshold voltage of a driv-
ing transistor and charging a first capacitor with a volt-
age corresponding to a data signal of data signals while
sequentially supplying scan signals to scan lines;

¢) controlling a voltage of a gate electrode of the driving
transistor while supplying the scan signals to the scan
lines and supplying a voltage to data lines; and
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d) controlling an amount of current flowing to a second
power supply from a first power supply through the
organic light emitting diode in accordance with the volt-
age of the gate electrode of the driving transistor.

4. The method as claimed in claim 3, wherein one frame is

implemented during a)-d).

5. The method as claimed in claim 3, wherein each of the
pixels comprises an initializing transistor coupled between
the organic light emitting diode and a reset power supply
supplying the reset voltage, wherein the initializing transis-
tors included in the pixels are concurrently turned on during
a).

6. The method as claimed in claim 5, wherein a power of
the first power supply at a low level is supplied during a), and
the power of the first power supply at a high level is supplied
during b)-d).

7. The method as claimed in claim 5, wherein a power of
the second power supply at a high level is supplied during
a)-¢), and the power of the second power supply ata low level
is supplied during d).

8. The method as claimed in claim 3, wherein each of the
pixels comprises an initializing transistor coupled between
the organic light emitting diode and a reset power supply
supplying the reset voltage, the initializing transistors
included in the pixels being sequentially turned on line-by-
line during a).

9. The method as claimed in claim 8, wherein a power of
the first power supply at a high level is supplied during a)-d).

10. The method as claimed in claim 8, wherein a power of
the second power supply at a high level is supplied during
a)-c) and the power of the second power supply at a low level
is supplied during d).

11. The method as claimed in claim 3, wherein the reset
voltage has a level lower than a first power supply voltage of
the first power supply that is supplied during d).

12. The method as claimed in claim 3, wherein the voltage
to the data lines is within a voltage range of the data signals
corresponding to a plurality of gradations.

13. The method as claimed in claim 12, wherein the voltage
to the data lines is lower than the voltage of the data signal
having middle gradation.

14. The method as claimed in claim 4, wherein an n-th (nis
a natural number) frame displays a left-eye image and an
n+1-th frame displays a right-eye image, with respect to a
frame sequentially processed.

15. The method as claimed in claim 14, wherein an entire
time between an n-th emission period of the n-th frame and an
n+1-th emission period of the n+1-th frame is implemented in
synchronization with a response time of shutter spectacles.
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