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ORGANIC LIGHT EMITTING DIODE
DISPLAY AND DRIVING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. patent
application Ser. No. 15/434,363, filed Feb. 16, 2017, which
is a divisional of U.S. patent application Ser. No. 13/971,
625, filed Aug. 20, 2013, now issued U.S. Pat. No. 9,576,
527, which claims priority to and the benefit of Korean
Patent Application No. 10-2013-0040654, filed Apr. 12,
2013, the entire content of all of which is incorporated
herein by reference.

BACKGROUND

1. Field

[0002] Embodiments of the present invention relate to a
technology associated with an organic light emitting diode
display and a driving method thereof.

2. Description of the Related Art

[0003] A display device is used as a display device of a
personal computer, portable phone, or personal digital assis-
tant (PDA) or a monitor of various information devices, and
an LCD using a liquid crystal panel, an organic light
emitting diode display using an organic light emitting diode,
and a PDP using a plasma panel may be used as the display
device. Among them, the organic light emitting diode dis-
play, which has an excellent emission efficiency, luminance,
and viewing angle, and a fast response speed, has been
spotlighted.

[0004] The organic light emitting diode display has a
display area including a plurality of pixels on a substrate in
a matrix form, and is configured to provide a display by
connecting a scan line and a data line to each pixel and
selectively applying a data signal to the pixel.

[0005] The organic light emitting diode displays may be
divided into a passive matrix type and an active matrix type.
The passive matrix type refers to a type driven by forming
positive electrodes and negative electrodes which cross each
other and supplying data to selected lines.

[0006] The active matrix type refers to a type which
maintains a data signal switched by a switching transistor in
a capacitor and which applies the data signal to a driving
transistor so as to control a current flowing in an organic
light emitting diode.

[0007] FIG. 1 is a diagram for describing a method of
driving an organic light emitting diode display in a general
active matrix type.

[0008] Referring to FIG. 1, one frame comprises sub-
frames of a left-eye image section (or period) LI and a
right-eye image section (or period) RI to display a stereo-
scopic image. The left-eye image section LI comprises a
scan section (or period) LN1 for inputting (or writing)
left-eye image data and a light emitting section (or period)
LE1 in which light is emitted according to the input left-eye
image data. Further, the right-eye image section RI also
comprises a scan section (or period) RN1 for inputting (or
writing) right-eye image data and a light emitting section (or
period) RE1 which emits light in which light is emitted
according to the input right-eye image data.
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[0009] As described above, at least each scan period and
each light emitting period are required to express the left-eye
image and the right-eye image for one frame (60 Hz), so that
each of the sections should be processed at a speed of Y4
frame (240 Hz).

[0010] Further, with respect to all of the pixels of the
display panel, the scan period and the light emitting period
are separated from each other. When an image is concut-
rently (e.g., simultaneously) displayed across all of the
pixels during the light emitting period, it may be advanta-
geous to improve a motion blur phenomenon or implement
a stereoscopic image. However, it is difficult to express
accurate luminance because the light emitting period is
limited to a half frame or shorter.

[0011] Accordingly, even not in a case of the driving of the
stereoscopic image, light emitting luminance should be
maximally increased to secure average luminance, thereby
increasing a power voltage and power consumption. Further,
because a driving current is also increased when the light is
emitted, non-uniformity in the luminance due to a voltage
drop (IR drop) may also be relatively increased.

[0012] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0013] Aspects of embodiments of the present invention
are directed to providing an organic light emitting diode
display including a pixel which is suitable for a large sized
display panel and for the expression of a high resolution and
a stereoscopic image, the pixel having a sufficient aperture
ratio, and a driving method thereof.

[0014] An exemplary embodiment of the present inven-
tion provides an organic light emitting diode display includ-
ing: a plurality of pixels configured to store a first data signal
received through a corresponding data line during a scan
period and to emit light according to a second data signal
during a light emitting period of a frame, wherein the first
data signal corresponds to the frame and the second data
signal corresponds to a previous frame, and the scan period
overlaps the light emitting period, each of the plurality of
pixels including a first transistor configured to connect the
data line and a first node; a sustain capacitor coupled
between the first node and a reference voltage applying line;
a third transistor configured to connect the first node and a
second node; a driving transistor and an organic light
emitting diode connected in series between first and second
power voltage applying lines; a compensation capacitor
connected between the second node and a gate electrode of
the driving transistor; a second transistor configured to
connect the sustain capacitor and the reference voltage
applying line; and a fourth transistor configured to transmit
a bias voltage to the second node.

[0015] The first data signal may be a data signal at a first
time or a data signal at a second time corresponding to the
frame, the second data signal may be an image data signal
at a first time or an data signal at a second time correspond-
ing to the previous frame, and the times of the first data
signal and the second data signal may be different from each
other.

[0016] The one frame may include an initialization period
during which a drain electrode of the driving transistor is
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reset and initialized; a compensation period during which a
threshold voltage of the driving transistor is compensated
for; the scan period during which a voltage corresponding to
the first data signal is stored in the sustain capacitor when a
scan signal is applied through a scan line coupled to a pixel
of the pixels; the light emitting period during which the
organic light emitting diode emits light according to a
driving current corresponding to the second data signal
when the bias voltage is applied to the second node; and a
bias period during which the driving transistor is driven
according to the bias voltage.

[0017] The sustain capacitor may be configured to store
the voltage corresponding to the first data signal from the
scan period of the previous frame until the initialization
period of the frame.

[0018] The third transistor may be configured to transmit
the voltage stored in the sustain capacitor to the compensa-
tion capacitor during the compensation period. The first
transistor may be configured to electrically disconnect the
data line and the first node during the compensation period.
[0019] The second transistor may be configured to connect
the sustain capacitor and the reference voltage applying line
during the compensation period and the scan period. The
sustain capacitor may be connected between the first node
and the third transistor.

[0020] The sustain capacitor may be connected between
the second transistor and the reference voltage applying line.
The compensation capacitor may be configured to store the
voltage corresponding to the second data signal from the
compensation period of the previous frame until the initial-
ization period of the frame.

[0021] The fourth transistor may be configured to connect
the second node and the first power voltage applying line
when the first power voltage and the second power voltage
are applied with a first level during the initialization period.
[0022] The fourth transistor may be configured to connect
the second node and the reference voltage applying line
when the first power voltage and the second power voltage
are applied with a first level during the initialization period.
[0023] The fourth transistor may be configured to block
transmission of the bias voltage to the second node during
the compensation period. Each of the plurality of pixels may
further include a fifth transistor configured to diode-connect
a gate electrode and a drain electrode of the driving tran-
sistor when the first power voltage and the second power
voltage are applied with the first level during the initializa-
tion period.

[0024] The fifth transistor may be configured to diode-
connect the gate electrode and the drain electrode of the
driving transistor when the first power voltage and the
second power voltage are applied with a second level higher
than the first level during the compensation period.

[0025] The fifth transistor may be configured to diode-
connect the gate electrode and the drain electrode of the
driving transistor when the first power voltage and the
second power voltage are applied with a second level during
the bias period.

[0026] The first and third transistors may be configured to
be turned on, the fourth transistor may be configured to be
turned off, and the bias voltage may be transmitted to the
second node through the data line during the bias period.
[0027] Another exemplary embodiment of the present
invention provides, a method of driving an organic light
emitting diode display including a plurality of pixels each
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including a first transistor configured to connect a data line
and a first node, a sustain capacitor connected between the
first node and a reference voltage applying line, a third
transistor configured to connect the first node and a second
node, a driving transistor and an organic light emitting diode
connected in series between first and second power voltage
applying lines, a compensation capacitor connected between
the second node and a gate electrode of the driving transis-
tor, a second transistor configured to connect the sustain
capacitor and the reference voltage applying line, and a
fourth transistor configured to transmit a bias voltage to the
second node, the method including: storing a first data signal
corresponding to a frame in the sustain capacitor during a
scan period; and emitting light from the organic light emit-
ting diode in accordance with a second data signal corre-
sponding to a previous frame during a light emitting period,
wherein the scan period and a light emitting period occur
concurrently.

[0028] The method may further include resetting and
initializing a drain electrode of the driving transistor; com-
pensating for a threshold voltage of the driving transistor;
and driving the driving transistor according to the bias
voltage.

[0029] Emitting the light may include emitting the organic
light emitting diode with the driving current corresponding
to a voltage stored in the compensation capacitor when the
first power voltage or the reference voltage is transmitted to
the second node.

[0030] According to the exemplary embodiments of the
present invention, it is possible to make a large sized display
panel and stably display a high resolution and stereoscopic
image, and accordingly improve a display quality of a
display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 is a diagram for describing a method of
driving an organic light emitting diode display in a conven-
tional active matrix type display.

[0032] FIG. 2 is a block diagram illustrating an organic
light emitting diode display according to an exemplary
embodiment of the present invention.

[0033] FIG. 3 is a diagram for describing a method of
driving an organic light emitting diode display according to
an exemplary embodiment of the present invention.

[0034] FIG. 4 is a diagram illustrating a pixel circuit
according to an exemplary embodiment of the present
invention.

[0035] FIG. 5is a timing diagram illustrating a method of
driving an organic light emitting diode display according to
an exemplary embodiment of the present invention.

[0036] FIG. 6 is a diagram illustrating a method of driving
an organic light emitting diode display according to another
exemplary embodiment of the present invention.

[0037] FIG. 7 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0038] FIG. 8 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0039] FIG. 9 is a timing diagram illustrating a method of
driving an organic light emitting diode display according to
another exemplary embodiment of the present invention.
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[0040] FIG. 10 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0041] FIG. 11 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0042] FIG. 12 is a timing diagram illustrating a method of
driving an organic light emitting diode display according to
another exemplary embodiment of the present invention.
[0043] FIG. 13 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0044] FIG. 14 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0045] FIG. 15 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0046] FIG. 16 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0047] FIG. 17 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0048] FIG. 18 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0049] FIG. 19 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

DETAILED DESCRIPTION

[0050] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, simply by way of illustration. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without
departing from the spirit or scope of the present invention.
Accordingly, the drawings and description are to be regarded
as illustrative in nature and not restrictive. Like reference
numerals designate like elements throughout the specifica-
tion.

[0051] Throughout this specification and the claims that
follow, when it is described that an element is “coupled” to
another element, the element may be “directly coupled” to
the other element or “clectrically coupled” to the other
element through a third element. In addition, unless explic-
itly described to the contrary, the word “comprise” and
variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of stated elements but not
the exclusion of any other elements.

[0052] Hereinafter, exemplary embodiments through
which the present invention can be easily implemented by
those skilled in the art will be described in detail with
reference to the accompanying drawings.

[0053] FIG. 2 is a block diagram illustrating an organic
light emitting diode display according to an exemplary
embodiment of the present invention.

[0054] Referring to FIG. 2, an organic light emitting diode
display 100 according to an exemplary embodiment of the
present invention includes a display unit 10, a scan driver 20,
a data driver 30, a timing controller 40, a power controller
50, and a compensation control signal unit 60.
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[0055] The display unit 10 includes a plurality of pixels 70
which emit light to display an image according to an image
data signal GD which corresponds to an external image
signal IND. The pixels 70 are connected to corresponding
data lines among a plurality of data lines which transmit a
plurality of data signals data[1] to data[m] and correspond-
ing scan lines among a plurality of scan lines which transmit
a plurality of scan signals scan[1] to scan|n].

[0056] The plurality of data signals data[1] to data[m]
correspond to signals generated through an image process-
ing procedure such as a luminance correction process for the
external image signal IND. Further, the plurality of scan
signals scan[1] to scan[n] correspond to signals for trans-
mitting a data signal corresponding to each of the plurality
of pixels 70.

[0057] Moreover, the pixels 70 are connected to a plurality
of power lines which transmit first and second power
voltages ELVDD and ELVSS and a reference voltage VREF.
Furthermore, the pixels 70 are connected to each of a
corresponding first control signal line among a plurality of
first control signal lines which transmit a plurality of first
control signals GC, a corresponding second control signal
line among a plurality of second control signal lines which
transmit a plurality second control signals GW, and a cor-
responding third control signal line among a plurality of
third control signal lines which transmit a plurality of third
control signals SUS.

[0058] According to another embodiment, the pixels 70
are connected to each corresponding fourth control signal
line among a plurality of fourth control signal lines which
transmit a plurality of fourth control signals SUSI1.

[0059] The scan driver 20 is connected to a plurality of
scan lines and generates the plurality of scan signals scan[1]
to scan[n| according to a scan control signal CONT2. The
scan driver 20 sequentially transmits the plurality of scan
signals scan[1] to scan[n] to the plurality of scan lines.
[0060] Further, the data driver 30 is connected to a plu-
rality of data lines and generates the plurality of data signals
data[1] to data[m] by sampling and holding the image data
signal GD according to a data control signal CONT1. The
data driver 30 transmits the plurality of data signals data[1]
to datam] to the plurality of data lines, respectively.
[0061] The power controller 50 is connected to a plurality
of power lines and transmits the first power voltage ELVDD,
the second power voltage ELVSS, and the reference voltage
VREF to the plurality of power lines according to a power
control signal CONT3. The power controller 50 can control
voltage levels of the first power voltage ELVDD, the second
power voltage ELVSS, and the reference voltage VREF
according to the power control signal CONT3.

[0062] The compensation control signal unit 60 is con-
nected to a plurality of first to third control signal lines and
generates a plurality of first control signals GC, a plurality
of second control signals GW, and a plurality of third control
signals SUS according to a compensation control signal
CONT4.

[0063] According to one embodiment of the present inven-
tion, the compensation control signal unit 60 is connected to
a plurality of fourth control signal lines and further generates
a plurality of fourth control signals SUS1 according to the
compensation control signal CONT4.

[0064] The timing controller 40 receives the external
image signal IND and a synchronization signal and converts
the image signal IND to an image data signal GD, and
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controls a function and driving of each component of the
display device. Here, the synchronization signal includes a
vertical synchronization signal Vsync, a horizontal synchro-
nization signal Hsync, and a main clock signal MCLK.
Specifically, the timing controller 40 divides the image
signal IND in the unit of frames (e.g., into a plurality of unit
frames) according to the vertical synchronization signal
Vsync and divides the image signal IND (e.g., each frame)
in the unit of scan lines according to the horizontal synchro-
nization signal Hsync so as to generate the image data signal
GD.

[0065] FIG. 3 is a diagram for describing a method of
driving an organic light emitting diode display according to
an exemplary embodiment of the present invention.

[0066] Referring to FIG. 3, one frame period for which
one image is displayed on the display unit 10 includes an
initialization period 1 in which driving voltages of the
plurality of pixels 70 are reset and initialized, a compensa-
tion period 2 in which threshold voltages of driving tran-
sistors of the plurality of pixels 70 compensated for, a scan
period 3 in which the data signal is input to each of the
plurality of pixels 70, a light emitting period 4 in which light
is emitted according to the data signals input into the
plurality of pixels 70, and a bias period 5 in which bias
voltages are applied to the driving transistors of the plurality
of pixels 70.

[0067] The scan period 3 and the light emitting period 4
are overlappingly generated in time (or overlap in time). The
plurality of pixels 70 emit light during the light emitting
period 4 of a current frame according to data input during the
scan period 3 of a previous frame and emit light for the light
emitting period 4 of a next frame according to data input into
the plurality of pixels 70 for the scan period 3 of the current
frame.

[0068] A period T1 includes the scan period 3 and the light
emitting period 4 of an N” frame. Accordingly, data input
into the plurality of pixels 70 for the scan period 3 of the
period T1 corresponds to data of the N” frame, and the
plurality of pixels 70 emit light for the light emitting period
4 of the period T1 according to data of an N-1% frame input
during the scan period 3 of the N-1% frame.

[0069] A period T2 includes the scan period 3 and the light
emitting period 4 of an N+1% frame. Accordingly, data input
into the plurality of pixels 70 during the scan period 3 of the
period T2 corresponds to data of the N+1? frame, and the
plurality of pixels 70 emit light for the light emitting period
4 of the period T2 according to data of the N* frame input
for the scan period 3 (for example, the period T1) of the N*
frame.

[0070] Data of an N+2% frame and data of an N+3? frame
are input into the plurality of pixels 70 for the scan periods
3 of the periods T3 and T4, respectively, and the plurality of
pixels 70 emit light for the light emitting periods 4 of the
periods T3 and T4 according to data input for the scan period
3 of the N+1” frame and data input for the scan period 3 of
the N+2” frame.

[0071] Hereinafter, a pixel structure (or circuit) will be
described in which data of the current frame is input into the
plurality of pixels 70 for the scan period 3 and the plurality
of pixels 70 emit light for the light emitting period 4 which
is the same period as the scan period 3 according to data of
the previous frame.
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[0072] FIG. 4 is a diagram illustrating a pixel circuit
according to an exemplary embodiment of the present
invention.

[0073] Referring to FIG. 4, the pixel 70 includes an
organic light emitting diode OLED1 which emits light
according to (or in accordance with) the corresponding data
signals data[1] to data[m] and a driving circuit. The driving
circuit includes five transistors including first, second, third,
fourth, and fifth transistors TR1, TR2, TR3, TR4, and TR5,
and two capacitors including a sustain capacitor Choldl and
a compensation capacitor Cthl. For example, a pixel 70
connected to an i” scan line and a i data line is described
herein as an example of the pixels 70 illustrated in FIG. 3.
[0074] The first transistor TR1 includes a first electrode to
which the data signal data[j] is applied, a gate electrode to
which the third control signal SUS is applied, and a second
electrode connected to a first node N1. The first transistor
TR1 is turned on according to the third control signal SUS
to connect the data line through which the data signal dataf[j]
is transmitted to the first node N1. Here, when a voltage
(hereinafter, referred to as a data voltage Vdata) correspond-
ing to the data signal data[j] is stored in the compensation
capacitor Cthl, the first transistor TR1 blocks or electrically
disconnects the connection between the data line and the
first node N1.

[0075] The sustain capacitor Choldl includes the first
electrode connected to the first node N1 and the second
electrode connected to the first electrode of a second tran-
sistor TR2. While the organic light emitting diode OLED1
emits light with a driving current according to the data signal
data[j] of the previous frame, the sustain capacitor Choldl
stores the data voltage Vdata according to the data signal
data[j] to be displayed in the current frame.

[0076] The second transistor TR2 includes a first electrode
connected to the second electrode of the sustain capacitor
Chold1, the second electrode to which the reference voltage
VREF is applied, and a second electrode to which the scan
signal scan[i] is applied. The second transistor TR2 is turned
on according to the scan signal scan[i] to transmit the
reference voltage VREF to the second electrode of the
sustain capacitor Choldl.

[0077] The third transistor TR3 includes the first electrode
connected to the first node N1, a second electrode connected
to a second node N2, and a gate electrode to which the
second control signal GW is applied. The third transistor
TR3 is turned on according to the second control signal GW
to connect the first node N1 and the second node N2. The
third transistor TR3 transmits the data voltage Vdata stored
in the sustain capacitor Chold1 to the compensation capaci-
tor Cthl.

[0078] The fourth transistor TR4 includes a first electrode
to which the first power voltage ELVDD is applied, the
second electrode connected to the second node N2, and a
gate electrode to which the third control signal SUS is
applied. The fourth transistor TR4 is turned on according to
the third control signal SUS to transmit the first power
voltage ELVDD to the second node N2.

[0079] The compensation capacitor Cthl includes a first
electrode connected to the second node N2 and a second
electrode connected to a third node N3. The compensation
capacitor Cthl sustains a voltage value applied to the third
node N3 during the compensation period 2, for example, a
voltage value which reflects a threshold voltage Vth of a
driving transistor TD1 for the data voltage Vdata.
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[0080] The fifth transistor TR5 includes a first electrode
connected to the third node N3, a second electrode con-
nected to a fourth node N4, and a gate electrode to which the
first control signal GC is applied. The fifth transistor TRS is
turned on according to the first control signal GC to diode-
connect a drain electrode and the gate electrode of the
driving transistor TD1.

[0081] The driving transistor TD1 includes a source elec-
trode to which the first power voltage ELVDD is applied, a
drain electrode connected to the fourth node N4, and a gate
electrode connected to the third node N3. The driving
transistor TD1 controls a driving current flowing in the
organic light emitting diode OLED1 according to (or in
accordance with) a voltage value of the third node N3.
[0082] The organic light emitting diode OLED1 includes
an anode connected to the fourth node N4 and a cathode to
which the second power voltage ELVSS is applied. The
organic light emitting diode OLED1 can emit one light of
primary colors. Examples of the primary colors include
three primary colors such as red, green and blue, and a
desired color (e.g., emitted by a display device) may be
expressed by a spatial combination or a temporal combina-
tion of the three primary colors.

[0083] The first, second, third, fourth and fifth transistors
TR1, TR2, TR3, TR4, and TR5 and the driving transistor
TD1 may be p-channel field effect transistors. In such an
embodiment, a gate on (or transistor turn-on) voltage which
turns on the first, second, third, fourth, and fifth transistors
TR1, TR2, TR3, TR4, and TRS is a low level voltage and a
gate off voltage (or transistor turn-off voltage) which turns
off the first, second, third, fourth, and fifth transistors TR1,
TR2, TR3, TR4, and TRS5 is a high level voltage.

[0084] Here, although the transistors correspond to the
p-channel field effect transistors, at least one of the first,
second, third, fourth, and fifth transistors TR1, TR2, TR3,
TR4, and TR5 and the driving transistor TD1 may be an
n-channel field effect transistor.

[0085] FIG. 5is a timing diagram illustrating a method of
driving an organic light emitting diode display according to
an exemplary embodiment of the present invention.

[0086] During one frame, the first power voltage ELVDD,
the second power voltage ELVSS, the scan signals scan[1]
to scan[n], the first control signal GC, the second control
signal GW, the third control signal SUS, and the data signals
data[1] to data[m] are changed (or vary) according to (or
during) each of the initialization period 1, the compensation
period 2, the scan period 3, the light emitting period 4, and
the bias period 5.

[0087] During the initialization period 1, the first power
voltage ELVDD is changed from a high level to a low level
at a time P1. At this time, the third control signal SUS is at
the low level (or low voltage level). The fourth transistor
TR4 is in a turn-on (or turned-on) state, and a voltage of the
second node N2 is changed to the low level of the first power
voltage ELVDD.

[0088] At this time, a voltage of the third node N3 is also
lowered due to coupling by the compensation capacitor
Cthl. The voltage of the third node N3 becomes a low
voltage low enough to turn on the driving transistor TD1. A
current flows from the fourth node N4 to a signal line of the
first power voltage ELVDD through the driving transistor
TD1, so that a voltage of the fourth node N4 is lowered.
[0089] Next, when the second power voltage ELVSS is
changed from the high level to the low level at a time P2, the
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voltage of the fourth node N4 is further lowered due to
coupling by a parasitic capacitance of the organic light
emitting diode OLEDI.

[0090] Next, the first control signal GC is applied with the
low level and the fifth transistor TRS is turned on at a time
P3. Then, the third node N3 and the fourth node N4 are
connected, and the voltage of the third node N3 and the
fourth node N4 becomes a voltage in a similar level to the
low level of the first power voltage ELVDD. For example,
voltages of the gate electrode and the drain electrode of the
driving transistor TD1 are reset to the low level.

[0091] Next, the first control signal GC is applied with the
high level (or at a high voltage level) and the fifth transistor
TRS5 is turned off at a time P4. Next, the second power
voltage ELVSS is changed from the low level to the high
level at a time P5. Then, the voltage of the fourth node N4
is increased by a parasitic capacitor connected to the organic
light emitting diode OLED1 in parallel (e.g., the parasitic
capacitance of the organic light emitting diode OLEDI,
which is analyzed as being in parallel with the organic light
emitting diode OLED1).

[0092] At this time, because the fifth transistor TRS is in
a turn off (or turned off) state and the voltage of the third
node N3 maintains the low level, the driving transistor TD1
is turned on by a difference of a gate-source voltage. A
current flows from the fourth node N4 to a signal line of the
first power voltage ELVDD through the driving transistor
TD1, and the voltage of the fourth node N4 is lowered again.

[0093] During the compensation period 2, the first power
voltage ELVDD is changed from the low level to the high
level and the first control signal GC is applied with the low
level at a time P6. Then, the fifth transistor TRS is turned on
to diode-connect the driving transistor TD1. The voltage of
the third node N3 becomes ELVDD+Vth. Here, ELVDD
refers to a high level voltage of the first power voltage
ELVDD and Vth refers to a threshold voltage of the driving
transistor TD1.

[0094] At this time, because the fourth transistor TR4
maintains a turn on state, the voltage of the second node N2
is changed to the high level of the first power voltage
ELVDD.

[0095] Next, the third control signal SUS is applied with
the high level to turn off the fourth transistor TR4 at a time
P7. Further, the second control signal GW is applied with the
low level to turn on the third transistor TR3. Then, the first
node N1 and the second node N2 are connected.

[0096] Concurrently (e.g., simultaneously), the scan signal
scan[i] is applied with the low level to turn on the second
transistor TR2. Then, the second electrode of the sustain
capacitor Chold1 is connected to a signal line of the refer-
ence voltage VREF. Accordingly, the data voltage Vdata
stored in the sustain capacitor Chold1 is transmitted to the
compensation capacitor Cthl. Here, the data voltage Vdata
stored in the sustain capacitor Choldl corresponds to a
voltage stored during the scan period 3 of the previous
frame.

[0097] When the sustain capacitor Choldl and the com-
pensation capacitor Cthl are connected, a voltage Vn2 of the
second node N2 is changed to a voltage which reflects a
voltage change amount of the second node N2 to a previous
voltage of the second node N2 by the parasitic capacitance
of the organic light emitting diode OLEDI1 and the parasitic
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capacitance of the driving transistor TD1 which are con-
nected in series. For example, the voltage V2 is changed as
shown in [Equation 1].

Vi2=previous voltage of second node N2+voltage

change amount of second node N2*a=ELVDD+

(Vdata-ELVDD)*a Equation 1

[0098] (where a=Ch/(Ch+Cx), Cx=Ct*(Cpara+Coled)/
(Ct+Cpara+Coled)

[0099] Here, ELVDD denotes a high level of the first
power voltage ELVDD, Ch denotes the capacitance of the
sustain capacitor Choldl, Cpara denotes the capacitance of
the parasitic capacitance of the driving transistor TD1, Coled
denotes the capacitance of the parasitic capacitance of the
organic light emitting diode OLEDI, and Ct denotes the
capacitance of the compensation capacitor Cthl.
[0100] Next, the second control signal GW is applied with
the high level to turn off the third transistor TR3 at a time P8.
For example, the first node N1 and the second node N2 are
separated or electrically disconnected.
[0101] Further, the third control signal SUS is applied with
the low level and the first and fourth transistors TR1 and
TR4 are turned on at a time P8.
[0102] At this time, because the scan signal scan[i] is
applied with the high level to turn off the second transistor
TR2, the second electrode of the sustain capacitor Choldl
remains in a floating state.
[0103] Further, the voltage of the second node N2 is
changed to the high level of the first power voltage ELVDD.
At this time, a voltage of (ELVDD+Vth)-Vn2 is stored in
the compensation capacitor Cthl. Accordingly, as the volt-
age of the second node N2 is changed, a voltage Vn3 of the
third node N3 is changed as defined in [Equation 2] below
by coupling of the compensation capacitor Cthl.

Vn3=voltage change amount of second node N2*p=
(ELVDD+Vih+p*(ELVDD-Vn2)=(1+p)
*ELVDD+Vith-p*Vn2=(1+p)*ELVDD+Vih-
B{ELVDD+(Vdata-ELVDD)*a}=ELVDD+Vith-
a*B(Vdata-ELVDD)

[0104] (where p=Ct/(Ct+Cpara))

[0105] During the light emitting period 4, the second
power voltage ELVSS is changed from the high level to the
low level at a time P9. Then, a current flows to the organic
light emitting diode OLED1 through the driving transistor
TD1. A driving current I OLED flowing to the organic light
emitting diode OLED1 is defined as shown in [Equation 3]
below.

Equation 2

I_OLED=k*(Vgs-Vih) 2=k*(ELVDD+Vih-a*p*
(Vdata~ELVDD)-ELVDD- Vi) 2 =lc* {cr*p*

(Vdata~ELVDD)}"2 Equation 3

[0106] Here, k denotes a parameter determined according
to a characteristic of the driving transistor TD1, and Vgs
denotes a gate-source voltage of the driving transistor TD1.
[0107] The organic light emitting diode OLED1 emits
light in brightness corresponding to the driving current
I_OLED. As defined in [Equation 3], the driving current
1_OLED is controlled regardless of the threshold voltage
Vth of the driving transistor TD1, so that the organic light
emitting diode OLED1 emits light in brightness correspond-
ing to the data voltage Vdata. When the light emitting period
4 ends, the second power voltage ELVSS is changed to the
high level.

[0108] Meanwhile, in the scan period 3, the plurality of
scan signals scan[1] to scan[n] are sequentially applied to
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the corresponding scan lines with the low level at a time P10.
Then, the second transistor TR2 is turned on. At this time,
the first transistor TR1 is in a turn on state.

[0109] The plurality of data signals data[1] to data[m] are
transmitted to the first node N1 through the corresponding
data lines. Then, the corresponding data voltage Vdata is
stored in the sustain capacitor Choldl.

[0110] When the second transistor TR2 is turned off after
the data voltage is stored in the sustain capacitor Chold1, the
second electrode of the sustain capacitor Choldl has a
floating state. Accordingly, even though the data voltage
Vdata is changed, the voltage stored in the sustain capacitor
Choldl is maintained. The voltage stored in the sustain
capacitor Choldl is used during the light emitting period 4
of a next frame.

[0111] During the bias period 5, the second power voltage
ELVSS is changed to the high level at a time P11. Further,
the first control signal GC is applied at the low level. Then,
the fifth transistor TRS is turned on and the third node N3
and the fourth node N4 are connected.

[0112] At this time, because the fourth transistor TR4 is in
a turn on state, the voltage of the second node N2 becomes
the high level of the first power voltage ELVDD. For
example, the gate electrode and the drain electrode of the
driving transistor TD1 are reset by the high level voltage of
the first power voltage ELVDD. The bias period 5 is to
improve an optical response waveform of the pixels 70 and
thus can be omitted (e.g., is optional).

[0113] In addition, in one exemplary embodiment of the
present invention (although embodiments of the present
invention are not limited thereto), the first control signal GC
and the second control signal GW are connected to one
signal line (e.g.. the same signal line) to secure a layout area.
In this embodiment, an operation of diode-connecting the
gate electrode and the drain electrode of the driving tran-
sistor TD1 by the first control signal GC during the initial-
ization period 1 may be omitted.

[0114] FIG. 6 is a diagram illustrating a method of driving
an organic light emitting diode display according to another
exemplary embodiment of the present invention.

[0115] Referring to FIG. 6, in the driving method, an
organic light emitting diode display 10 alternately displays
a left-eye image and a right-eye image according to a shutter
spectacles method. As illustrated in FIG. 6, each frame
includes the initialization period 1, the compensation period
2, the scan period 3, the light emitting period 4, and the bias
period 5.

[0116] A frame in which a plurality of data signals (here-
inafter, referred to as left-eye image data signals) indicating
the left-eye image are input into the plurality of pixels 70 is
indicated by a reference numeral “L”, and a frame in which
a plurality of data signals (hereinafter, referred to as right-
eye image data signals) indicating the right-eye image are
input into the plurality of pixels 70 is indicated by a
reference numeral “R”.

[0117] Because waveforms of the first power voltage
ELVDD, the second power voltage ELVSS, the first control
signal GC, the second control signal GW, the third control
signal SUS, the scan signals scan[1] to scan[n], and the data
signals data[1] to data[m] are substantially the same as the
waveforms illustrated in FIG. 5 in each of the initialization
period 1, the compensation period 2, the scan period 3, the
light emitting period 4, and the bias period 5, a detailed
description of each period will be omitted below.
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[0118] During the scan period 3 of a period T21, left-eye
image data signals of an N_L frame are input into the
plurality of pixels 70. For the scan period 3, the left-eye
image data signal corresponding to each of the plurality of
pixels 70 is input. At this time, during the light emitting
period 4 of the period T21, the plurality of pixels 70 emit
light according to right-eye image data signals input in the
scan period 3 of an N-1_R frame.

[0119] During the scan period 3 of a period T22, right-eye
image data signals of an N_R frame are input into the
plurality of pixels 70. During the scan period 3, the right-eye
image data signal corresponding to each of the plurality of
pixels 70 is input. At this time, during the light emitting
period 4 of the period T22, the plurality of pixels 70 emit
light according to the left-eye image data signals input in the
scan period 3 of the N_L frame.

[0120] During the scan period 3 of a period T23, left-eye
image data signals of an N+1_L frame are input into the
plurality of pixels 70. During the scan period 3, the left-eye
image data signal corresponding to each of the plurality of
pixels 70 is input. At this time, during the light emitting
period 4 of the T23, the plurality of pixels 70 emit light
according to the right-eye image data signals input in the
scan period 3 of the N_R frame.

[0121] During the scan period 3 of a period T24, right-eye
image data signals of an N+1_R frame are input into the
plurality of pixels 70. During the scan period 3, the right-eye
image data signal corresponding to each of the plurality of
pixels 70 is input. At this time, during the light emitting
period 4 of the period T24, the plurality of pixels 70 emit
light according to the left-eye image data signals input in the
scan period 3 of the N+1_L frame.

[0122] In substantially the same way, the right-eye image
is concurrently (e.g., simultaneously) emitted while the
left-eye image is input (or written to the pixels), and the
left-eye image is concurrently (e.g., simultaneously) emitted
while the right-eye image is input (or written to the pixels).
Then, the light emitting period is sufficiently secured, and
thus a picture quality of the stereoscopic image is improved.
[0123] Because the scan period 3 and the light emitting
period 4 are included in the same period, an interval T31
between the light emitting periods 4 of respective frames
may be set regardless of the scan period. At this time, the
interval T31 between the light emitting periods 4 may be set
as an interval optimized for a liquid crystal response speed
of the shutter spectacles.

[0124] In the conventional display in which the scan
period 3 and the light emitting period 4 are not included in
the same period (e.g., do not take place concurrently), the
light emitting period 4 is located after the scan period 3, so
that a temporal margin which can set the light emitting
period 4 during one frame period is low. In a proposed
driving method according to one embodiment of the present
invention, the light emitting period 4 may take place during
all periods other than the initialization period 1, the com-
pensation period 2, and the bias period 5 for one frame
period. Accordingly, the temporal margin which can set the
light emitting period 4 is increased in comparison with a
conventional display, so that the interval T31 between the
light emitting periods 4 may be set in consideration of, for
example, the liquid crystal response speed of the shutter
spectacles.

[0125] For example, the interval T31 between the light
emitting periods 4 may be set in consideration of time taken
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to completely open a right-eye lens (or left-eye lens) of the
shutter spectacles from a time point when emission of the
left-eye image (or right-eye image) ends.

[0126] FIG. 7 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0127] Referring to FIG. 7, a pixel 70_1 includes first,
second, third, fourth, and fifth transistors TR11, TR12,
TR13, TR14, and TR15, a driving transistor TD2, a sustain
capacitor Chold2, a compensation capacitor Cth2 and an
organic light emitting diode OLED2.

[0128] The pixel 70_1 illustrated in FIG. 7 differs from
FIG. 4 in that positions of the second transistor TR12 and the
sustain capacitor Chold2 are exchanged. For example, the
second transistor TR12 includes a first electrode connected
to a first node N11, a second electrode connected to a first
electrode of the sustain capacitor Chold2, and a gate elec-
trode to which the scan signal scan[i] is applied. The sustain
capacitor Chold2 includes a second electrode to which the
reference voltage VREF is applied.

[0129] Although a method of driving the pixel 70_1 is
substantially the same as the method described in FIG. 5, the
second transistor TR12 may be located close to the first and
third transistors TR11 and TR13 on a layout.

[0130] FIG. 8 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0131] Referring to FIG. 8, a pixel 70_2 includes first,
second, third, fourth, and fifth transistors TR21, TR22,
TR23, TR24, and TR25, a driving transistor TD3, a sustain
capacitor Chold3, a compensation capacitor Cth3 and an
organic light emitting diode OLED3.

[0132] The pixel 70_2 illustrated in FIG. 8 differs from
FIG. 4 in that the fourth control signal SUSI is applied to a
gate electrode of the first transistor TR21. For example, the
first transistor TR21 is turned on according to the fourth
control signal SUS1 to connect a data line through which the
data signal data[j] is transmitted and a first node N21. The
first transistor TR21 blocks connection between or electri-
cally disconnects the data line and the first node N21 during
the initialization period 1 as well as the compensation period
2. For example, when a second electrode of the sustain
capacitor Chold3 remains in a floating state by the scan
signal scan[i], a first electrode of the sustain capacitor
Chold3 is separated from the data line. Accordingly, it is
possible to prevent or reduce loss of the data voltage Vdata
stored in the sustain capacitor Chold3 data due to a current
leaking into the data line.

[0133] The method of driving the pixel 70_2 will be
described with reference to FIG. 9 below.

[0134] FIG. 9 s a timing diagram illustrating a method of
driving an organic light emitting diode display according to
another exemplary embodiment of the present invention.
[0135] Referring to FIG. 9, in the initialization period 1,
the first power voltage ELVDD is changed from the high
level to the low level at a time P12. At this time, the third
control signal SUS remains in the low level, and the fourth
control signal SUS1 is applied with the high level. The first
transistor TR21 is turned off, and the fourth transistor TR24
is turned on.

[0136] Then, the data line and the first electrode of the
sustain capacitor Chold3 are separated, and a voltage of a
second node N22 is changed to the low level of the first
power voltage ELVDD. At this time, a voltage of a third
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node N23 is also lowered due to coupling by the compen-
sation capacitor Cth3. The voltage of the third node N23
becomes a low voltage enough (or sufficiently low voltage)
to turn on the driving transistor TD3. A current flows from
a fourth node N24 to a signal line of the first power voltage
ELVDD through the driving transistor TD3, and thus a
voltage of the fourth node N24 is lowered.

[0137] Next, at a time P13, when the second power
voltage ELVSS is changed from the high level to the low
level, the voltage of the fourth node N24 is further lowered
due to coupling by a parasitic capacitance of an organic light
emitting diode OLED3.

[0138] Next, at a time P14, the first control signal GC is
applied with the low level and a fifth transistor TR25 is
turned on. Then, the third node N23 and the fourth node N24
are connected, voltages of the third node N23 and the fourth
node N24 become voltages having a similar level as the low
level of the first power voltage ELVDD.

[0139] Next, at a time P15, the first control signal GC is
applied with the high level and the fifth transistor TR25 is
turned off. Next, at a time P16, the second power voltage
ELVSS is changed from the low level to the high level.
Then, the voltage of the fourth node N24 increases by the
parasitic capacitance of the organic light emitting diode
OLED3.

[0140] At this time, because the fifth transistor TR25 is in
a turn off state and the voltage of the third node N23 remains
in the low level, the driving transistor TD3 is turned on by
a difference of a gate-source voltage. A current flows from
the fourth node N24 to a signal line of the first power voltage
ELVDD through the driving transistor TD3 and the voltage
of the fourth node N24 is lowered again.

[0141] During the compensation period 2, the first power
voltage ELVDD is changed from the low level to the high
level and the first control signal GC is applied with the low
level at a time P17. Then, the fifth transistor TR25 is turned
on to diode-connect the driving transistor TD3.

[0142] At this time, because the fourth transistor TR24
remains in a turn on state, the voltage of the second node N2
is changed to the high level of the first power voltage
ELVDD.

[0143] Next, at a time P18, the third control signal SUS is
applied with the high level and the fourth transistor TR24 is
turned off. Further, the second control signal GW is applied
with the low level and the third transistor TR23 is turned on.
Then, the first node N21 and the second node N22 are
connected.

[0144] Concurrently (e.g., simultaneously), the scan signal
scan[i] is applied with the low level and the second transistor
TR22 is turned on. Then, the second electrode of the sustain
capacitor Chold3 is connected with a signal line of the
reference voltage VREF. Accordingly, the data voltage
Vdata stored in the sustain capacitor Chold3 is transmitted
to the compensation capacitor Cth3. Here, the data voltage
Vdata stored in the sustain capacitor Chold3 corresponds to
avoltage stored during the scan period 3 of a previous frame.
At this time, the voltage of the second node N22 is changed
as described with reference to [Equation 1] above.

[0145] Next, at a time P19, the second control signal GW
is applied with the high level and the third transistor TR23
is turned off. For example, the first node N21 and the second
node N22 are separated or electrically disconnected. Further,
the third control signal SUS is applied with the low level and
the fourth transistor TR24 is turned on. Then, the voltage of

Dec. 6, 2018

the second node N22 is changed to the high level of the first
power voltage ELVDD. The voltage of the third node N23
is changed in substantially the same way as described with
reference to [Equation 2] above.

[0146] At this time, the scan signal scan[i] is applied with
the high level and the fourth control signal SUS4 is applied
with the low level. Then, the second transistor TR22 is
turned off and the first transistor TR21 is turned on. For
example, the first electrode of the sustain capacitor Chold3
is connected with the data line and the second electrode
remains in a floating state.

[0147] In the light emitting period 4, the second power
voltage ELVSS is changed from the high level to the low
level at a time P20. Then, a current flows to the organic light
emitting diode OLED3 through the driving transistor TD3.
A driving current I_OLED flowing to the organic light
emitting diode OLED3 is substantially the same as described
in [Equation 3] above. When the light emitting period 4
ends, the second power voltage ELVSS is changed to the
high level.

[0148] Meanwhile, in the scan period 3, the plurality of
scan signals scan[1] to scan[n] are sequentially applied to
corresponding scan lines with the low level at a time P21.
The second transistor TR22 is turned on and the second
electrode of the sustain capacitor Chold3 is connected with
the signal line of the reference voltage VREF.

[0149] At this time, because the first transistor TR21 is in
a turn on state, the data voltage Vdata corresponding to the
plurality of data signals data[1] to data[m] is stored in the
sustain capacitor Chold3. For example, because the first
transistor TR21 remains in a turn off state for the initializa-
tion period 1 and the compensation period 2, a leakage
current path between the first electrode of the sustain capaci-
tor Chold3 and the data line can be blocked. Accordingly, it
is possible to prevent the data voltage Vdata stored in the
sustain capacitor Chold3 from being lost.

[0150] In the bias period 5, the second control signal GW
is applied with the low level at a time P22. Then, the third
transistor T23 is turned on, and the first node N21 and the
second node N22 are connected. Further, the third control
signal SUS is changed to the high level and the fourth
transistor TR24 is turned off.

[0151] At this time, the data signals data[1] to data[m] are
transmitted as particular bias voltages Vbias. The bias
voltage Vbias may be a voltage having a level lower than the
high level of the first power voltage ELVDD and a voltage
in a randomly preset level.

[0152] For example, the level of the bias voltage Vbias of
the driving transistor TD3 can be easily changed by applying
the bias voltage Vbias to the driving transistor TD3 by using
the data signals data[1] to data[m] instead of changing the
first power voltage ELVDD.

[0153] FIG. 10 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0154] Referring to FIG. 10, a pixel 70_3 includes first,
second, third, fourth, and fifth transistors TR31, TR32,
TR33, TR34, and TR35, a driving transistor TD4, a sustain
capacitor Chold4, a compensation capacitor Cth4 and an
organic light emitting diode OLEDA4.

[0155] The pixel 70_3 illustrated in FIG. 10 differs from
FIG. 8 in that positions of the second transistor TR32 and the
sustain capacitor Chold4 are exchanged. For example, the
second transistor TR32 includes a first electrode connected
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to a first node N31, a second electrode connected to one
terminal of the sustain capacitor Chold4, and a gate elec-
trode to which the scan signal scan[i] is applied. The sustain
capacitor Chold4 includes the other terminal to which the
reference voltage VREF is applied. Because the remaining
components are substantially the same as those of FIG. 8,
detailed descriptions thereof will be omitted.

[0156] Although the method of driving the pixel 70_3 is
substantially the same as the method described in FIG. 9, the
second transistor TR32 may be located close to the first and
third transistors TR31 and TR33 on a layout.

[0157] FIG. 11 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0158] Referring to FIG. 11, a pixel 70_4 includes first,
second, third, fourth, and fifth transistors TR41, TR42,
TR43, TR44, and TR4S5, a driving transistor TDS, a sustain
capacitor Chold5, a compensation capacitor Cth5 and an
organic light emitting diode OLEDS.

[0159] The pixel 70_4 illustrated in FIG. 11 differs from
FIG. 8 in that the scan signal scan[i] is applied to a gate
terminal of the first transistor TR41 and the fourth control
signal SUS1 is applied to a gate terminal of the second
transistor TR42. The first transistor TR41 is turned on only
during the scan period 3 and the bias period 5 to connect the
data line and a first electrode of the sustain capacitor Chold5.
The second transistor TR42 is turned off only during the bias
period 5 to separate a second electrode of the sustain
capacitor Chold5 from a signal line of the reference voltage
Vref.

[0160] Detailed descriptions thereof will be made with
reference to FIG. 12 below.

[0161] FIG. 12 is a timing diagram illustrating a method of
driving an organic light emitting diode display according to
another exemplary embodiment of the present invention.
[0162] The timing diagram of FIG. 12 shows a method of
driving the pixel 70_4 of FIG. 11. Because the first power
voltage ELVDD, the second power voltage ELVSS, the first
control signal GC, the second control signal GW, the data
signals data[1] to data[m], and the third control signal SUS
have substantially the same waveforms as those of FIG. 9,
detailed descriptions thereof will be omitted. The following
description will describe the scan signals scan[1] to scan|n]
and the fourth control signal SUS1 which are different from
those in FIG. 9.

[0163] The scan signals scan[1] to scan[n] remain in the
high level during the compensation period 2. For example,
the first transistor TR41 remains in a turn off state during the
initialization period 1 and the compensation period 2, so that
a path of a leakage current between a first electrode of the
sustain capacitor Chold5 and the data line can be blocked.
[0164] Further, the scan signals scan[1] to scan|n] are
applied with the low level for the scan period 3 and the bias
period 5. For example, at a time P31, the first transistor
TR41 is turned on, and the data line and a first node N41 are
connected. At this time, because the fourth control signal
SUS1 remains in the low level, the second transistor TR42
is turned on, and the data voltage corresponding to the data
signals data[1] to data[m] is stored in the sustain capacitor
Cholds.

[0165] In the bias period 5, the first transistor TR41 is
turned on and the data line and the first node N41 are
connected at a time P32. At this time, the fourth control
signal SUST is applied with the high level and the second
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transistor TR42 is turned off. Accordingly, a second elec-
trode of the sustain capacitor Chold5 becomes in a floating
state.

[0166] Further, because the second control signal GW is
applied with the low level and the third control signal SUS
is applied with the high level, the second node N42 is
changed to the level of the data signals data[1] to data[m].
At this time, the data signals data[1] to data]m] are applied
with the level of the bias voltage.

[0167] FIG. 13 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0168] Referring to FIG. 13, a pixel 70_5 includes first,
second, third, fourth, and fifth transistors TR51, TR52,
TR53, TR54, and TR5S5, a driving transistor TD6, a sustain
capacitor Chold6, a compensation capacitor Cthé and an
organic light emitting diode OLEDS.

[0169] The pixel 70_5 illustrated in FIG. 13 differs from
FIG. 11 in that positions of the second transistor TR52 and
the sustain capacitor Chold6 are exchanged. For example,
the second transistor TR52 includes a first electrode con-
nected to a first node N51, a second electrode connected to
one terminal of the sustain capacitor Chold6, and a gate
electrode to which the fourth control signal SUS1 is applied.
The sustain capacitor Chold6 includes the other terminal to
which the reference voltage VREF is applied. Because the
remaining components are substantially the same as those in
FIG. 11, detailed descriptions thereof will be omitted.
[0170] FIG. 14 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0171] Referring to FIG. 14, a pixel 70_6 includes first,
second, third, fourth, and fifth transistors TR61, TR62,
TR63, TR64, and TR65, a driving transistor TD7, a sustain
capacitor Chold7, a compensation capacitor Cth7 and an
organic light emitting diode OLED7.

[0172] The pixel 70_6 illustrated in FIG. 14 differs from
FIG. 4 in that a first electrode of the fourth transistor TR64
is connected with a wire of the reference voltage VREF. For
example, although a driving method of FIG. 14 is substan-
tially the same as the operation method described in FIG. 5,
it differs in that a previous voltage Vn62 of a second node
N62 is in the level of the reference voltage VREF, not in the
high level of the first power voltage ELVDD at a time P7.
Accordingly, the voltage of the second node N62 is as
defined in [Equation 4] below.

Vn62=VREF+(Vdata- VREF)*a Equation 4

[0173] Further, at a time P8 of FIG. 5, a voltage Vn63 of
a third node N63 is as defined in [Equation 5] below.
Vi63=(ELVDD+Vili)+P* ELVDD-Vn62)=(1+p)

*ELVDD+Vth-p*Vin62=(1+B)* ELVDD+Vih-

p*{ VREF+(Vdata- VREF)*a} Equation 5

[0174] The pixel 70_6 having the above configuration can
be applied to a display panel in which a voltage drop (IR
drop) of the first power voltage ELVDD is not huge. Further,
in the bias period 5, it is not required to change the data
signals data[1] to data[m] by directly applying the reference
voltage VREF to the second node N62 instead of applying
the data signals data[1] to data[m] with the level of the bias
voltage Vbias.

[0175] FIG. 15 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.
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[0176] Referring to FIG. 15, a pixel 70_7 includes first,
second, third, fourth, and fifth transistors TR71, TR72,
TR73. TR74, and TR75, a driving transistor TDB, a sustain
capacitor Chold8, a compensation capacitor Cth8 and an
organic light emitting diode OLEDS.

[0177] The pixel 70_7 illustrated in FIG. 15 differs from
FIG. 14 in that positions of the second transistor TR72 and
the sustain capacitor Chold8 are exchanged. For example,
the second transistor TR72 includes a first electrode con-
nected to a first node N71, a second electrode connected to
one terminal of the sustain capacitor Chold8, and a gate
electrode to which the scan signal scan[i] is applied. The
sustain capacitor Chold8 includes the other terminal to
which the reference voltage VREF is applied.

[0178] Because the remaining components are substan-
tially the same as those in FIG. 14, detailed descriptions
thereof will be omitted.

[0179] FIG. 16 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0180] Referring to FIG. 16, a pixel 70_8 includes first,
second, third, fourth, and fifth transistors TR81, TR82,
TR83. TR84, and TR8S, a driving transistor TD9, a sustain
capacitor Chold9, a compensation capacitor Cth9 and an
organic light emitting diode OLED9.

[0181] The pixel 70_8 illustrated in FIG. 16 differs from
FIG. 8 in that a first electrode of the fourth transistor TR84
is connected with a wire of the reference voltage VREF.
Because the remaining components are substantially the
same as those in FIG. 8, detailed descriptions thereof will be
omitted.

[0182] FIG. 17 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0183] Referring to FIG. 17, a pixel 70_9 includes first,
second, third, fourth, and fifth transistors TR91, TR92,
TR93. TR94, and TR95, a driving transistor TD10, a sustain
capacitor Chold10, a compensation capacitor Cth10 and an
organic light emitting diode OLED10.

[0184] The pixel 70_9 illustrated in FIG. 17 differs from
FIG. 16 in that positions of the second transistor TR92 and
the sustain capacitor Chold10 are exchanged. For example,
the second transistor TR92 includes a first electrode con-
nected to a first node N81, a second electrode connected to
one terminal of the sustain capacitor Chold10, and a gate
electrode to which the scan signal scan[i] is applied. The
sustain capacitor Chold10 includes the other terminal to
which the reference voltage VREF is applied. Because the
remaining components are substantially the same as those in
FIG. 16, detailed descriptions thereof will be omitted.
[0185] FIG. 18 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0186] Referring to FI1G. 18, a pixel 70_10 includes first,
second, third, fourth, and fifth transistors TR101, TR102,
TR103, TR104, and TR105, a driving transistor TD11, a
sustain capacitor Chold11, a compensation capacitor Cth11
and an organic light emitting diode OLEDI1.

[0187] The pixel 70_10 illustrated in FIG. 18 differs from
FIG. 11 in that a first electrode of the fourth transistor TR104
is connected with a wire of the reference voltage VREF.
Because the remaining components are substantially the
same as those in FIG. 11, detailed description thereof will be
omitted.
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[0188] FIG. 19 is a diagram illustrating a pixel circuit
according to another exemplary embodiment of the present
invention.

[0189] Referring to FIG. 19, a pixel 70_11 includes first,
second, third, fourth, and fifth transistors TR111, TR112,
TR113, TR114, and TRI115, a driving transistor TD12, a
sustain capacitor Chold12, a compensation capacitor Cth12
and an organic light emitting diode OLED12.

[0190] The pixel 70_11 illustrated in FIG. 19 differs from
FIG. 18 in that positions of the second transistor TR112 and
the sustain capacitor Chold12 are exchanged. For example,
the second transistor TR112 includes a first electrode con-
nected to a first node N91, a second electrode connected to
one terminal of the sustain capacitor Chold12, and a gate
electrode to which the fourth control signal SUS1 is applied.
The sustain capacitor Chold12 includes the other terminal to
which the reference voltage VREF is applied. Because the
remaining components are substantially the same as those in
FIG. 18, detailed descriptions thereof will be omitted.
[0191] As described above, the pixel according to an
exemplary embodiment of the present invention can suffi-
ciently secure (or improve) an aperture ratio by emitting
light by using one compensation capacitor Cth connected to
the gate electrode of the driving transistor TD for the light
emitting period 4 and store a data voltage corresponding to
capacitance of the compensation capacitor Cth.

[0192] Further, the pixel according to an exemplary
embodiment of the present invention can prevent (or reduce
an effect of) a screen from being non-uniformly displayed
due to a change in the first power voltage ELVDD by
changing the data signals data[1] to data[m] to apply the bias
voltage Vbias to the second node N2.

[0193] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements within the spirit and scope of the
appended claims and equivalents thereof.

What is claimed is:

1. An organic light emitting diode display comprising:

a plurality of pixels configured to store a first data signal
received through a corresponding data line during a
scan period and to emit light according to a second data
signal during a light emitting period of a frame,

wherein the first data signal corresponds to the frame and
the second data signal corresponds to a previous frame,
and the scan period overlaps the light emitting period,
and

each of the plurality of pixels comprising:

a first transistor configured to connect the data line and a
first node;

a sustain capacitor coupled between the first node and a
reference voltage applying line;

a third transistor configured to connect the first node and
a second node;

a driving transistor and an organic light emitting diode
connected in series between first and second power
voltage applying lines;

a compensation capacitor connected between the second
node and a gate electrode of the driving transistor;

a second transistor configured to connect the sustain
capacitor and the first node, wherein the sustain capaci-
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tor is connected between the second transistor and the
reference voltage applying line; and

a fourth transistor configured to transmit a bias voltage to

the second node.
2. The organic light emitting diode display of claim 1,
wherein:
the first data signal is a data signal at a first time or a data
signal at a second time cotresponding to the frame,

the second data signal is an image data signal at a first
time or a data signal at a second time corresponding to
the previous frame, and

the times of the first data signal and the second data signal

are different from each other.

3. The organic light emitting diode display of claim 1,
wherein the frame comprises:

an initialization period during which a drain electrode of

the driving transistor is reset and initialized;

a compensation period during which a threshold voltage

of the driving transistor is compensated for;

the scan period during which a voltage corresponding to

the first data signal is stored in the sustain capacitor
when a scan signal is applied through a scan line
coupled to a pixel of the pixels;

the light emitting period during which the organic light

emitting diode emits light according to a driving cur-
rent corresponding to the second data signal when the
bias voltage is applied to the second node; and

a bias period during which the driving transistor is driven

according to the bias voltage.

4. The organic light emitting diode display of claim 3,
wherein the sustain capacitor is configured to store the
voltage corresponding to the first data signal from the scan
period of the previous frame until the initialization period of
the frame.

5. The organic light emitting diode display of claim 4,
wherein the third transistor is configured to transmit the
voltage stored in the sustain capacitor to the compensation
capacitor during the compensation period.

6. The organic light emitting diode display of claim 5,
wherein the compensation capacitor is configured to store
the voltage corresponding to the second data signal from the
compensation period of the previous frame until the initial-
ization period of the frame.

7. The organic light emitting diode display of claim 6,
wherein the fourth transistor is configured to connect the
second node and the first power voltage applying line when
the first power voltage and the second power voltage are
applied with a first level during the initialization period.

8. The organic light emitting diode display of claim 6,
wherein the fourth transistor is configured to connect the
second node and the reference voltage applying line when
the first power voltage and the second power voltage are
applied with a first level during the initialization period.

9. The organic light emitting diode display of claim 6,
wherein the fourth transistor is configured to block trans-
mission of the bias voltage to the second node during the
compensation period.

10. The organic light emitting diode display of claim 3,
wherein the first transistor is configured to electrically
disconnect the data line and the first node during the
compensation period.

11
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11. The organic light emitting diode display of claim 3,
wherein each of the plurality of pixels further comprises a
fifth transistor configured to diode-connect a gate electrode
and a drain electrode of the driving transistor when the first
power voltage and the second power voltage are applied
with the first level during the initialization period.

12. The organic light emitting diode display of claim 11,
wherein the fifth transistor is configured to diode-connect
the gate electrode and the drain electrode of the driving
transistor when the first power voltage and the second power
voltage are applied with a second level higher than the first
level during the compensation period.

13. The organic light emitting diode display of claim 11,
wherein the fifth transistor is configured to diode-connect
the gate electrode and the drain electrode of the driving
transistor when the first power voltage and the second power
voltage are applied with a second level during the bias
period.

14. The organic light emitting diode display of claim 11,
wherein the first and third transistors are configured to be
turned on, the fourth transistor is configured to be turned off,
and the bias voltage is transmitted to the second node
through the data line during the bias period.

15. A method of driving an organic light emitting diode
display comprising a plurality of pixels each comprising a
first transistor configured to connect a data line and a first
node, a sustain capacitor coupled between the first node and
a reference voltage applying line, a third transistor config-
ured to connect the first node and a second node, a driving
transistor and an organic light emitting diode connected in
series between first and second power voltage applying
lines, a compensation capacitor connected between the sec-
ond node and a gate electrode of the driving transistor, a
second transistor coupled between the sustain capacitor and
the first node, and a fourth transistor configured to transmit
a bias voltage to the second node, the method comprising:

storing a first data signal corresponding to a frame in the
sustain capacitor during a scan period; and

emitting light from the organic light emitting diode in
accordance with a second data signal corresponding to
a previous frame during a light emitting period,

wherein the scan period and a light emitting period occur
concurrently.

16. The method of driving an organic light emitting diode
display of claim 15, further comprising:

resetting and initializing a drain electrode of the driving
transistor;

compensating for a threshold voltage of the driving tran-
sistor; and

driving the driving transistor according to the bias volt-

age.

17. The method of driving an organic light emitting diode
display of claim 16, wherein emitting the light comprises
emitting the organic light emitting diode with the driving
current corresponding to a voltage stored in the compensa-
tion capacitor when the first power voltage or the reference
voltage is transmitted to the second node.

* #* * #* #®
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