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(54) Pixel, display device including the same, and driving method thereof

(57) A display device includes: a display unit includ-
ing pixels coupled to scan lines for transmitting scan sig-
nals, data lines for transmitting data signals, and light
emission control lines for transmitting light emission con-
trol signals; a scan driver; a data driver; and a light emis-
sion driver. Each pixel includes: an OLED; a driving tran-
sistor to transmit a driving current corresponding to a
data signal to the OLED; a first transistor to transmit the

data signal to the driving transistor according to a first
scan signal; a second transistor to apply a first power
source voltage to a first electrode of the driving transistor
according to a second scan signal, during an initialization
period for initializing a gate electrode voltage of the driv-
ing transistor; and a capacitor including a first electrode
coupled to a gate electrode of the driving transistor and
a second electrode coupled to a first power source sup-
ply.
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Description

BACKGROUND

1. Field

[0001] The present invention relates to a pixel, a dis-
play device including the same, and a driving method
thereof.

2. Description of the Related Art

[0002] Cathode ray tubes (CRTs) have been used to
display images. However, CRTs can have the disadvan-
tages of being heavy and large in size. Currently, various
flat panel displays are being developed that can reduce
the heavy weight and large volume that are drawbacks
of CRTs. Examples of flat panel displays include liquid
crystal displays (LCDs), field emission displays (FEDs),
plasma display panels (PDPs), and organic light emitting
diode (OLED) displays.
[0003] OLED displays can display images using
OLEDs that generate light by recombination of electrons
and holes. An OLED display can have a fast response
speed, can be driven with low power consumption, and
can have the advantages of improved (or excellent) lu-
minous efficiency, luminance, and viewing angle.
[0004] Generally, OLED displays can be classified into
two types according to the driving method of the OLED
display: passive matrix OLEDs (PMOLEDs) and active
matrix OLEDs (AMOLEDs).
[0005] Of the two types, the active matrix OLED display
in which unit pixels are selectively lit is primarily used
because of its good resolution, contrast, and operation
speed.
[0006] One pixel of an active matrix OLED display may
include an OLED, a driving transistor for controlling an
amount of current supplied to the OLED, and a switching
transistor for transmitting a data signal to the driving tran-
sistor to control an amount of light emitted by the OLED.
[0007] Recently, research has been underway on a
compensation circuit to compensate for a threshold volt-
age variation (or deviation) of the driving transistor in-
cluded in the pixel of the active matrix OLED display.
However, when the compensation circuit is used to dis-
play an image at a desired luminance, the response
speed of the pixel varies according to an increase/de-
crease in a data voltage applied to the driving transistor,
due to hysteresis, such that it is difficult to correctly dis-
play gray levels. For example, a delay in response speed
may be generated when driving the OLED display to ex-
press a luminance from black to white, and this problem
may cause sticking when scrolling text on a screen.
[0008] 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

[0009] The present invention sets out to provide a pix-
el, a display device including the same, and a driving
method thereof to reduce (or remove) a delay in response
speed and reduce sticking while driving a display.
[0010] The present invention also sets out to provide
a pixel circuit that concurrently (e.g., simultaneously)
compensates for a threshold voltage variation of a driving
transistor while addressing (or solving) the problems of
delayed response speed caused by hysteresis and re-
ducing sticking on a screen.
[0011] Also, The present invention sets out to provide
a high quality display device producing high image quality
that is capable of compensating for a threshold voltage
variation (or deviation) of a driving transistor; correctly
expressing gray levels by reducing (or solving) a delay
in a response speed, for example, in a case of displaying
an image according to a data signal having a large lumi-
nance variation (or deviation); and a driving method
thereof.
[0012] Technical aspects of the present invention are
not limited to the above, and other aspects (e.g., non-
mentioned aspects) will be clearly understood by a per-
son of ordinary skill in the art by way of the following
description.
[0013] A display device according to embodiments of
the present invention includes: a display unit including a
plurality of pixels respectively coupled to a plurality of
scan lines for transmitting a plurality of scan signals, a
plurality of data lines for transmitting a plurality of data
signals, and a plurality of light emission control lines for
transmitting a plurality of light emission control signals;
a scan driver for transmitting the plurality of scan signals;
a data driver for transmitting the plurality of data signals;
and a light emission driver for transmitting the plurality
of light emission control signals, wherein each pixel of
the plurality of pixels includes: an organic light emitting
diode (OLED); a driving transistor configured to transmit
a driving current corresponding to a data signal from
among the plurality of data signals to the OLED; a first
transistor configured to transmit the data signal to the
driving transistor according to a first scan signal from
among the plurality of scan signals; a second transistor
configured to apply a first power source voltage to a first
electrode of the driving transistor according to a second
scan signal from among the plurality of scan signals, dur-
ing an initialization period for initializing a gate electrode
voltage of the driving transistor; and a capacitor including
a first electrode coupled to a gate electrode of the driving
transistor and a second electrode coupled to a first power
source supply.
[0014] A voltage difference between the gate electrode
voltage and a first electrode voltage of the driving tran-
sistor during the initialization period may be a voltage for
operating the driving transistor.
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[0015] The first transistor may be switching-operated
according to the first scan signal to transmit the data sig-
nal to the first electrode of the driving transistor.
[0016] The second scan signal may be transmitted to
a previous scan line from among the plurality of scan
lines, and the previous scan line may precede the scan
line receiving the first scan signal.
[0017] The scan driver may be configured to transmit
the first scan signal and the second scan signal to the
plurality of pixels.
[0018] Each pixel of the plurality of pixels may further
include: an initialization transistor configured to supply
an initialization voltage to the gate electrode of the driving
transistor during the initialization period and to initialize
the gate electrode voltage of the driving transistor.
[0019] The initialization transistor may be switching-
operated according to the second scan signal transmitted
to a previous scan line from among the plurality of scan
lines, and the previous scan line may precede the scan
line receiving the first scan signal transmitted to the first
transistor.
[0020] The initialization period may be a period in
which the second scan signal is transmitted to the initial-
ization transistor at a gate-on voltage level.
[0021] The initialization period may be before a period
in which a threshold voltage of the driving transistor is
compensated.
[0022] Each pixel of the plurality of pixels may further
include: a threshold voltage compensation transistor
configured to be switching-operated according to the first
scan signal after the initialization period and to diode-
couple the driving transistor and compensate a threshold
voltage of the driving transistor.
[0023] Each pixel of the plurality of pixels may further
include: at least one light emission control transistor con-
figured to control light emission of the OLED receiving
the driving current according to the data signal.
[0024] The at least one light emission control transistor
may be configured to be switching-operated according
to a light emission control signal from among the plurality
of light emission control signals transmitted at a gate-on
voltage level, after the first scan signal and the second
scan signal are respectively transmitted at the gate-on
voltage level to the first transistor and the second tran-
sistor.
[0025] A pixel according to another embodiment of the
present invention includes: an organic light emitting diode
(OLED); a driving transistor configured to transmit a driv-
ing current to the OLED according to a data signal; a first
transistor configured to transmit the data signal to the
driving transistor according to a first scan signal; a second
transistor configured to apply a first power source voltage
to a source electrode of the driving transistor according
to a second scan signal during an initialization period for
initializing a gate electrode voltage of the driving transis-
tor; and a capacitor including a first electrode coupled to
a gate electrode of the driving transistor and a second
electrode coupled to a first power source supply.

[0026] A voltage difference between the gate electrode
voltage and a source electrode voltage of the driving tran-
sistor during the initialization period may be a voltage for
operating the driving transistor.
[0027] The first transistor may include a gate electrode
for receiving the first scan signal, a source electrode for
receiving the data signal, and a drain electrode coupled
to the source electrode of the driving transistor, and the
first transistor may be switching-operated according to
the first scan signal and may be configured to transmit
the data signal to the source electrode of the driving tran-
sistor.
[0028] The second scan signal may be transmitted to
a second scan line preceding a first scan line receiving
the first scan signal.
[0029] The pixel may further include: an initialization
transistor configured to supply an initialization voltage to
the gate electrode of the driving transistor during the in-
itialization period and to initialize the gate electrode volt-
age of the driving transistor.
[0030] The initialization transistor may include: a gate
electrode for receiving the second scan signal, a source
electrode applied with the initialization voltage, and a
drain electrode coupled to the gate electrode of the driv-
ing transistor, and the initialization transistor may be con-
figured to be switching-operated according to the second
scan signal.
[0031] The initialization period may be a period in
which the second scan signal is transmitted to the initial-
ization transistor at a gate-on voltage level.
[0032] The initialization period may be before a period
in which a threshold voltage of the driving transistor is
compensated.
[0033] The pixel may further include: a threshold volt-
age compensation transistor configured to be switching-
operated according to the first scan signal after the ini-
tialization period and to diode-couple the driving transis-
tor and compensate a threshold voltage of the driving
transistor.
[0034] The pixel may further include: at least one light
emission control transistor coupled between the first
power source supply and the OLED and including a gate
electrode for receiving a light emission control signal for
controlling light emission of the OLED receiving the driv-
ing current according to the data signal.
[0035] The at least one light emission control signal
may be transmitted at a gate-on voltage level after the
first scan signal and the second scan signal are respec-
tively transmitted at the gate-on voltage level to the first
transistor and the second transistor in the pixel.
[0036] The at least one light emission control transistor
may further include: a source electrode coupled to a drain
electrode of the driving transistor, and a drain electrode
coupled to an anode of the OLED.
[0037] The at least one light emission control transistor
may further include: a source electrode coupled to the
first power source supply, and a drain electrode coupled
to the source electrode of the driving transistor.
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[0038] According to another embodiment of the
present invention, a method is provided for driving a dis-
play device including a plurality of pixels, wherein each
pixel of the plurality of pixels includes: an organic light
emitting diode (OLED); a driving transistor for transmit-
ting a driving current to the OLED according to a data
signal; a first transistor for transmitting the data signal to
the driving transistor according to a first scan signal; a
second transistor for applying a first power source volt-
age to the driving transistor according to a second scan
signal; and a capacitor coupled between the driving tran-
sistor and a first power source supply, the method includ-
ing: initializing a gate electrode voltage of the driving tran-
sistor; compensating for a threshold voltage of the driving
transistor and transmitting the data signal to the driving
transistor; and providing the driving current to the OLED
according to the data signal to produce light emission,
wherein the second scan signal is transmitted at a gate-
on voltage level during the initializing the gate electrode
voltage of the driving transistor.
[0039] A voltage between a gate electrode and a
source electrode of the driving transistor may be a voltage
for operating the driving transistor during the initializing
the gate electrode voltage of the driving transistor.
[0040] The second scan signal may be transmitted to
a second scan line preceding a first scan line receiving
the first scan signal.
[0041] The initializing the gate electrode voltage of the
driving transistor may include applying an initialization
voltage to a gate electrode of the driving transistor via an
initialization transistor configured to be switching-oper-
ated according to the second scan signal.
[0042] The compensating for the threshold voltage of
the driving transistor may include diode-coupling the driv-
ing transistor via a threshold voltage compensation tran-
sistor configured to be switching-operated according to
the first scan signal.
The providing the driving current to the OLED according
to the data signal to produce light emission may include
controlling the light emission of the OLED via at least one
light emission control transistor coupled between the first
power source supply and the OLED, and the at least one
light emission control transistor may be configured to be
switching-operated by a light emission control signal.
[0043] The light emission control signal may be trans-
mitted at the gate-on voltage level after the first scan
signal and the second scan signal are respectively trans-
mitted at the gate-on voltage level to the first transistor
and the second transistor.
[0044] According to the pixel and the display device
including the same of embodiments of the present inven-
tion, the problem of the delay in response speed caused
by hysteresis may be reduced (or solved) and the sticking
on the screen may be reduced such that a grayscale may
be correctly expressed.
[0045] Also, according to embodiments of the present
invention, a delay in response speed may be concurrently
(e.g., simultaneously) reduced (or prevented) when dis-

playing an image according to a data signal having a
large luminance variation (or deviation), while concur-
rently compensating for a threshold voltage variation (or
deviation) of a driving transistor such that a high quality
display producing high image quality may be realized.
[0046] At least some of the above and other features
of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1 is a block diagram of a display device
according to an embodiment of the present invention.
[0048] FIG. 2 is a waveform diagram of a delay in re-
sponse speed due to hysteresis during expression of
gray levels in a conventional pixel circuit.
[0049] FIG. 3 is a circuit diagram of a pixel circuit of
the display device shown in FIG. 1.
[0050] FIG. 4 is a timing diagram showing a driving
operation of the pixel circuit shown in FIG. 3.
[0051] FIG. 5 is a waveform diagram showing an im-
proved response speed in a display device according to
an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0052] In the following detailed description, only cer-
tain 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 em-
bodiments may be modified in various different ways, all
without departing from the scope of the present invention.
[0053] Further, constituent elements having the same
configurations in the embodiments are described in a first
embodiment using like reference numerals, and only con-
figurations different from those in the first embodiment
will be described in other embodiments.
[0054] In addition, some of the parts that are not es-
sential to the description are omitted for clarity, and like
reference numerals designate like elements and similar
constituent elements throughout the application.
[0055] Throughout this specification and the claims
that follow, when it is described that an element is "cou-
pled" to another element, the element may be "directly
coupled" to the other element or "electrically coupled" to
the other element through a third element. In addition,
unless explicitly described to the contrary, the word "com-
prise" and variations such as "comprises" or "comprising"
will be understood to imply the inclusion of the stated
elements but not the exclusion of any other elements.
[0056] FIG. 1 is a block diagram of a display device
100 according to an embodiment of the present invention.
The display device 100 includes a display unit 10 includ-
ing a plurality of pixels, a scan driver 20, a data driver
30, a light emission driver 40, a controller 50, and a power
source supply unit 60 supplying an external voltage to
the display device.
[0057] A plurality of pixels are respectively coupled to
two scan lines among a plurality of scan lines S0 to Sn
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for transmitting scan signals to the display unit 10. In FIG.
1, each pixel is coupled to a scan line that corresponds
to a corresponding pixel row, and each pixel is also cou-
pled to the scan line of the previous row thereof. However,
embodiments of the present invention are not limited
thereto.
[0058] Also, each pixel of a plurality of pixels is respec-
tively coupled to one data line among a plurality of data
lines D1 to Dm for transmitting data signals to the display
unit 10, and one light emission control line among a plu-
rality of light emission control lines EM1 to EMn for trans-
mitting emission control signals to the display unit 10.
[0059] In this embodiment, the scan driver 20 gener-
ates and transmits two corresponding scan signals to the
pixels through a plurality of scan lines S0 to Sn. That is,
the scan driver 20 transmits the first scan signal through
the scan line corresponding to the pixel row including the
pixels, and the second scan signal through the scan line
corresponding to the previous pixel row.
[0060] By way of example, one pixel 70 among a plu-
rality of pixels included in the nth pixel row is respectively
coupled to the scan line Sn corresponding to the corre-
sponding nth pixel row and the scan line Sn-1 corre-
sponding to the previous (n-1)th pixel row.
[0061] The pixel 70 receives the first scan signal
through the scan line Sn, and concurrently (e.g., simul-
taneously) receives the second scan signal through the
scan line Sn-1.
[0062] The data driver 30 transmits a data signal to
each pixel through a plurality of data lines D1 to Dm.
[0063] The light emission driver 40 generates and
transmits a light emission control signal to each pixel
through a plurality of light emission control lines EM1 to
EMn.
[0064] The controller 50 converts (or changes) a plu-
rality of video signals R, G, and B transmitted from an
external source into a plurality of image data signals DR,
DG, and DB, and transmits them to the data driver 30.
Also, the controller 50 receives a vertical synchronization
signal Vsync, a horizontal synchronization signal Hsync,
and a clock signal MCLK to generate control signals to
control the driving of the scan driver 20, the data driver
30, and the light emission driver 40. That is, the controller
50 generates and transmits the scan driving control sig-
nal SCS controlling the scan driver 20, the data driving
control signal DCS controlling the data driver 30, and the
light emitting driving control signal ECS controlling the
light emission driver 40.
[0065] The display unit 10 includes a plurality of pixels
positioned at crossing regions of a plurality of scan lines
50 to Sn, a plurality of data lines D1 to Dm, and a plurality
of light emission control lines EM1 to EMn.
[0066] The plurality of pixels are supplied with external
voltages such as a first power source voltage ELVDD, a
second power source voltage ELVSS, and an initializa-
tion voltage VINT from the power source supply unit 60.
The first power source voltage ELVDD may have a higher
voltage level than the second power source voltage

ELVSS.
[0067] The display unit 10 includes a plurality of pixels
arranged in an approximate matrix format. The plurality
of scan lines 50 to Sn extend substantially in a row in a
first direction so as to be parallel to each other, and the
plurality of data lines extend substantially in a column, in
a second direction crossing the first direction, so as to
be parallel to each other in the arrangement of the pixels.
However, embodiments of the present invention are not
limited thereto.
[0068] A plurality of pixels respectively emit light hav-
ing a luminance (e.g., a predetermined luminance), by
way of a driving current supplied to an OLED in each
pixel, according to a data signal transmitted through a
plurality of data lines D1 to Dm.
[0069] FIG. 2 is a waveform diagram of a delay in a
response speed due to hysteresis during expression of
gray levels in a conventional pixel circuit.
[0070] In a general (or conventional) pixel circuit for
compensating for a threshold voltage of a driving tran-
sistor, pixels of the display unit are scanned for one
frame. The vertical synchronization signal Vsync is trans-
mitted to the scanned pixels and the scanned pixels re-
ceive the data signal Data[t] to display the images.
[0071] When the plurality of pixels of the display unit
that are displayed with a black image or a white image
corresponding to the data signal are driven for a long
time, the voltage level applied to the driving transistor in
each pixel may be maintained such that hysteresis ac-
cording thereto is generated. In this case, when display-
ing the image of a current frame, the gray level may be
shifted to the left side or the right side of a TFT charac-
teristic curve by an influence of the gray voltage of the
previous frame.
[0072] For example, when the pixels are driven with
the black image for a long time, the voltage level applied
to the driving transistor is an off-bias voltage that is less
than an operation reference voltage of the driving tran-
sistor. Accordingly, the gray level according to the video
signal of the next frame is shifted to the right side of the
TFT characteristic curve. In contrast, when the pixels are
driven with the white image for a long time, the voltage
level applied to the driving transistor is an on-bias voltage
that is more than the operation reference voltage of the
driving transistor, and thereby the gray level according
to the video signal of the next frame is shifted to the left
side of the TFT characteristic curve.
[0073] Accordingly, the response speeds may be dif-
ferent according to the change in the amount of the lu-
minance between the previous frame and the current
frame, due to the hysteresis of the driving transistor of
the pixel when displaying the same luminance. These
response speeds may vary (e.g., deteriorate) according
to the application time of the off-bias voltage or the on-
bias voltage applied to the driving transistor.
[0074] Accordingly, improvement of the pixel circuit to
concurrently (e.g., simultaneously) address (or solve) the
response speed problem due to hysteresis while com-
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pensating for a threshold voltage variation (or deviation)
of a transistor in the pixel is needed.
[0075] In the waveform diagram of FIG. 2, a pixel that
is displayed with a black luminance for a long time ac-
cording to a black data signal Data[t] receives a white
data signal emitting light with a white luminance, at the
time a1. As shown in FIG. 2, the pixel does not immedi-
ately emit light having luminance target values corre-
sponding to the white data signal at the time a1, when
the white data signal is first transmitted, but emits light
having the luminance target values at the time a2 after
one frame has passed.
[0076] When driving the pixel to display images from
black to white, in one frame the light may not reach (or
may not be increased to) the target value of the white
luminance, and may only arrive at a middle luminance.
Therefore, the response speed may be delayed com-
pared with the case where the pixel is driven to display
the image from white to white. The delay in the response
speed due to this hysteresis is manifest (or represented)
as sticking during text scrolling of the display screen.
[0077] A pixel circuit structure and a driving method
according to an embodiment of the present invention ad-
dress (or solve) the problem of the delay in response
speed caused by hysteresis.
[0078] FIG. 3 is a circuit diagram showing a circuit
structure of a pixel 70 of the display device 100 shown
in FIG. 1.
[0079] Each pixel in this embodiment of the present
invention is coupled to a first scan line and a second scan
line. The second scan line applies an initialization voltage
VINT to a driving transistor Md in the pixel during an in-
itialization period and transmits a second scan signal
controlling the driving transistor Md to maintain it with the
operation voltage (on-bias voltage). The first scan line
transmits a first scan signal to activate the pixel to trans-
mit the data signal.
[0080] The pixel 70 shown in FIG. 3 is respectively
coupled to the nth scan line Sn and the (n-1)th scan line
Sn-1 among a plurality of pixels included in the display
unit 10 of the display device 100 of FIG. 1. Also, the pixel
70 is coupled to the mth data line Dm and the nth light
emission control line EMn.
[0081] The pixel 70 shown in FIG. 3 includes an OLED;
a driving transistor Md coupled to an anode of the OLED;
a first transistor M1 coupled to the source electrode of
the driving transistor Md; a second transistor M2, which
has one electrode coupled to a node N2 that is coupled
to the driving transistor Md and the first transistor M1,
and another electrode that is coupled to the first power
source voltage ELVDD; and a capacitor C1 between the
driving transistor Md and the first power source voltage
ELVDD.
[0082] The pixel 70 further includes an initialization
transistor M3 for transmitting the initialization voltage
VINT during the initialization period.
[0083] The pixel 70 further includes a threshold voltage
compensation transistor M4 diode-coupling the driving

transistor Md to compensate for the threshold voltage of
the driving transistor Md.
[0084] Also, the pixel 70 further includes light emission
control transistor coupled to the anode of the OLED and
controlling light emission according to the driving current
of the OLED. The light emission control transistors in-
cluded in the pixel 70 of FIG. 3 include a first light emission
control transistor M5 coupled between the anode of the
OLED and the driving transistor Md, and a second light
emission control transistor M6 coupled between the driv-
ing transistor Md and the first power source voltage
ELVDD.
[0085] The OLED of the pixel 70 has an anode and a
cathode, and emits light as a result of the driving current
corresponding to a corresponding data signal. The driv-
ing current corresponding to the data signal is compen-
sated for, so as not to be affected by the variations in
threshold voltage of the driving transistor included in each
of the pixels of the display unit 10.
[0086] The driving transistor Md includes a source
electrode coupled to the second node N2 to which the
first power source voltage ELVDD is coupled, a drain
electrode coupled to a third node N3, and a gate electrode
coupled to the first node N1. The driving transistor Md
receives the data signal through the first transistor M1
coupled to the second node N2.
[0087] The driving transistor Md transmits the driving
current corresponding to the voltage difference between
its source electrode and its gate electrode to the OLED
for light emission.
[0088] The first transistor M1 includes a source elec-
trode coupled to the data line Dm and transmitting the
data signal, a drain electrode coupled to the second node
N2, and a gate electrode coupled to the scan line Sn
corresponding to the pixel row including the pixel 70 and
transmitting the scan signal S[n]. Here, the pixel 70 is
included in the nth pixel row such that the corresponding
scan line is the nth scan line.
[0089] If the scan signal S[n] is transmitted through the
nth scan line such that the first transistor M1 is turned
on, the data signal is transmitted to the second node N2,
and the data voltage Vdata corresponding to the data
signal is transmitted to the source electrode of the driving
transistor Md.
[0090] The scan signal S[n] is also concurrently (e.g.,
simultaneously) transmitted to the gate electrode of the
threshold voltage compensation transistor M4.
[0091] The threshold voltage compensation transistor
M4 is coupled between the gate electrode and the drain
electrode of the driving transistor Md, and is turned on
during the time that the scan signal S[n] is transmitted
as the gate-on voltage level to diode-couple the driving
transistor Md. Thus, a data voltage Vdata applied to the
source electrode of the driving transistor Md is reduced
by the threshold voltage of the driving transistor Md such
that a voltage Vdata-Vth is applied to the gate electrode
of the driving transistor Md. The gate electrode of the
driving transistor Md is coupled to one terminal of the
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capacitor C1 such that the voltage Vdata-Vth is main-
tained by the capacitor C1. The voltage Vdata-Vth re-
flecting the threshold voltage Vth of the driving transistor
Md is applied to the gate electrode of the driving transistor
Md and is maintained such that the driving current flowing
in the driving transistor Md is not affected by variations
in the threshold voltage of the driving transistor Md.
[0092] The second transistor M2 includes a gate elec-
trode coupled to the (n-1)th scan line and receiving the
scan signal S[n-1], a source electrode coupled to the first
power source voltage ELVDD, and a drain electrode cou-
pled to the second node N2.
[0093] The second transistor M2 is turned on by the
scan signal S[n-1], which is transmitted at a gate-on volt-
age level through the (n-1)th scan line before the scan
signal S[n] is transmitted to the pixel 70 through the nth
scan line at the gate-on voltage level. Thus, the first pow-
er source voltage ELVDD is applied to the source elec-
trode of the driving transistor Md during the period in
which the driving transistor Md is switched on by the scan
signal S[n-1].
[0094] The initialization transistor M3 transmitting the
initialization voltage VINT to the gate electrode of the
driving transistor Md is switching-operated by the scan
signal S[n-1].
[0095] The initialization transistor M3 includes a gate
electrode coupled to the (n-1)th scan line, a source elec-
trode coupled to the voltage source transmitting the ini-
tialization voltage VINT, and a drain electrode coupled
to the gate electrode of the driving transistor Md.
[0096] The initialization voltage VINT is applied to the
gate electrode of the driving transistor Md during the time
that the scan signal S[n-1] is transmitted to the initializa-
tion transistor M3 as the gate-on voltage level. The gate
electrode of the driving transistor Md is initialized at the
initialization voltage VINT during a period in which the
scan signal S[n-1] is transmitted at the gate-on voltage
level.
[0097] During the initialization period in which the scan
signal S[n-1] is transmitted at the gate-on voltage level,
the source electrode of the driving transistor Md is applied
with the first power source voltage ELVDD, and concur-
rently (e.g., simultaneously) the gate electrode of the driv-
ing transistor Md is applied with the initialization voltage
VINT, and thereby the voltage difference Vgs between
the gate and the source of the driving transistor Md during
the initialization period becomes ELVDD-VINT. This is a
voltage value that is greater than the reference voltage
at which the driving transistor Md is operated.
[0098] The voltage difference Vgs between the gate
and the source of the driving transistor Md during the
initialization period is more than the reference voltage
such that the driving transistor Md is on-biased.
[0099] The data voltage is written to the driving tran-
sistor Md during the state in which the driving transistors
Md of all of the pixels are on-biased, and thereby the
hysteresis characteristic may be improved.
[0100] When a plurality of driving transistors are ap-

plied with the data voltage of the previous frame, the gate-
source voltage of each driving transistor may be at a dif-
ferent level than the gate-source voltage of each driving
transistor in the current frame, before the data voltage of
the current frame is written.
[0101] If there is no initialization period, the hysteresis
characteristic of the gate-source voltage of each driving
transistor may be different depending on whether the da-
ta voltage of the current frame is a higher or lower voltage
than the data voltage of the previous frame. In this em-
bodiment of the present invention, the gate-source volt-
age of each driving transistor during the initialization pe-
riod becomes ELVDD-VINT such that all of the driving
transistors are on-biased with the same condition (e.g.,
all of the driving transistors have the same gate-source
voltage).
[0102] Accordingly, the gate-source voltage of the driv-
ing transistors of all pixels is determined according to the
data voltage of the current frame in the same conditions
without the effect of the hysteresis characteristic.
[0103] In this embodiment of the present invention, the
signal controlling the switching operation of the second
transistor M2 and the initialization transistor M3 uses the
scan signal transmitted through the previous scan line of
the scan line coupled to the corresponding pixel row,
however it is not limited thereto and an additional control
signal may be transmitted.
[0104] On the other hand, in the case of the pixel in-
cluded in the first pixel row, the scan signal transmitted
to the second transistor M2 and the initialization transistor
M3 may be a dummy scan signal that is generated and
transmitted from the scan driver 20.
[0105] For example, the capacitor C1 includes a first
electrode coupled to the first node N1 and a second elec-
trode coupled to the first power source voltage ELVDD.
[0106] The capacitor C1 is coupled to the first node N1
to which the gate electrode of the driving transistor Md
is coupled, thereby storing the voltage value of the gate
electrode of the driving transistor Md according to the
driving process of the pixel.
[0107] Also, the first light emission control transistor
M5 of the pixel 70 includes a gate electrode coupled to
the nth light emission control line and receiving the light
emission control signal EM[n], a source electrode cou-
pled to the third node N3, and a drain electrode organic
coupled to the anode of the light emitting diode OLED.
[0108] The pixel 70 includes the second light emission
control transistor M6, and the second light emission con-
trol transistor M6 has a gate electrode coupled to the nth
light emission control line and receiving the light emission
control signal EM[n], a source electrode coupled to the
first power source voltage ELVDD, and a drain electrode
coupled to the second node N2.
[0109] The light emission control transistor of this em-
bodiment of the present invention is only one example
and the pixel circuit configuration is not limited thereto.
[0110] If the light emission control signal EM[n] is trans-
mitted at the gate-on voltage level, the first light emission
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control transistor M5 and the second light emission con-
trol transistor M6 are turned on. The driving current cor-
responding to the data voltage stored in the capacitor C1
is transmitted to the OLED according to the data signal
and during the data writing period, such that light is emit-
ted. As described above, the data voltage stored to the
capacitor C1 is the voltage value Vdata-Vth reflecting the
threshold voltage Vth such that the effect of variations in
the threshold voltage is reduced when light emission oc-
curs due to the corresponding driving current.
[0111] Although the transistors included in the driving
circuit of the pixel shown in FIG. 3 are PMOS transistors,
embodiments of the present invention are not limited
thereto, and the transistors may be realized as NMOS
transistors.
[0112] A driving timing diagram is shown in FIG. 4 for
comprehension of the driving of the pixel 70 shown in
FIG. 3.
[0113] The pixel 70 is coupled to two scan lines to re-
ceive the scan signals and be operated.
[0114] First, the scan signal S[n-1] is transmitted
through the (n-1)th scan line and is transitioned (or
changed) to a low level at the time t1 and maintains the
low level during the period T1.
[0115] Accordingly, the second transistor M2 and the
initialization transistor M3 receiving the scan signal S[n-
1] in the pixel are concurrently (e.g., simultaneously)
turned on.
[0116] The first power source voltage ELVDD having
a high level voltage is applied to the source electrode of
the driving transistor Md through the second transistor
M2 during the period T1, and the initialization voltage
VINT is applied to the gate electrode of the driving tran-
sistor Md through the initialization transistor M3.
[0117] The gate-source voltage difference Vgs of the
driving transistor Md is maintained as ELVDD-VINT dur-
ing the period T1. At this time, the initialization voltage
VINT is at a low level such that the voltage difference
Vgs may be more than a minimum reference voltage for
operating the driving transistor Md. Accordingly, the driv-
ing transistors Md included in all of the pixels are on-
biased before the period in which the threshold voltage
of the driving transistor Md is compensated for and the
data is written in each frame. Accordingly, an image that
is displayed with the desired gray level may be realized
regardless of the hysteresis characteristic of the driving
transistor Md.
[0118] Next, the scan signal S[n-1] is transitioned to a
high level at the time t2, and the scan signal S[n] trans-
mitted through the nth scan line is transitioned (or
changed) to a low level at the time t3 and maintains the
low level during the period T2.
[0119] The scan signal S[n-1] is transmitted at the high
level (or maintains the high state) during the period T2
such that the second transistor M2 and the initialization
transistor M3 are turned off, and the first node N1 is float-
ing.
[0120] Concurrently (e.g., simultaneously), the first

transistor M1 and the threshold voltage compensation
transistor M4 receiving the scan signal S[n] in the pixel
during period T2 are turned on. Thus, the data voltage
Vdata according to the data signal DATA is transmitted
to the source electrode of the driving transistor Md
through the first transistor M1 during the period T2, and
the driving transistor Md is diode-coupled with the thresh-
old voltage compensation transistor M4.
[0121] Accordingly, the voltage maintained at the first
node N1 coupled to one terminal of the capacitor C1 dur-
ing the period T2 is the voltage Vgs. The voltage Vgs
corresponds to the voltage difference between gate and
source electrodes of the driving transistor Md, and is rep-
resented by the voltage value Vdata-Vth, which is the
data voltage Vdata reduced by the threshold voltage Vth
of the driving transistor Md.
[0122] The driving transistor Md is on-biased during
the initialization period of the period T1 such that the hys-
teresis characteristic may be reduced (or improved), and
thereby the delay problem of the response speed may
be improved (or solved) during the expression of gray
levels according to the data voltage Vdata.
[0123] When the scan signal S[n] is transitioned to a
high level at the time t4, the first transistor M1 and the
threshold voltage compensation transistor M4 are turned
off. Thus, the first node N1 is again floating.
[0124] The light emission control signal EM[n] trans-
mitted to the pixel 70 included in the nth pixel row is tran-
sitioned (or changed) to the low level at the time t5.
[0125] Thus, the first light emission control transistor
M5 and the second light emission control transistor M6
receiving the light emission control signal EM[n] of the
pixel 70 are turned on, and the driving current stored to
the capacitor C1 and corresponding to the data voltage
according to the data signal is transmitted to the OLED
for light emission.
[0126] The voltage value for calculating the driving cur-
rent is the corresponding voltage ELVDD-Vdata, exclud-
ing the effect of the threshold voltage Vth of the driving
transistor Md.
[0127] The pixel and the display device including the
same according to an embodiment of the present inven-
tion may concurrently (e.g., simultaneously) reduce (or
solve the problem of) the delay in the response speed
due to hysteresis while reducing (or excluding) the effect
of variations in the threshold voltage of the driving tran-
sistor when displaying the image according to the data
signal, such that the response speed is not delayed and
light is emitted with the desired luminance in the corre-
sponding frame as shown in the waveform diagram in
FIG. 5. As a result, a clear and high quality image may
be provided.
[0128] Referring to the waveform diagram of FIG. 5, if
the display device is driven using a conventional pixel,
the light is not emitted with the desired luminance due to
hysteresis, but is displayed with a luminance of a middle
degree, and then the light is emitted with a normal lumi-
nance in the next frame. However, if the display device
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is driven through a pixel according to embodiments of
the present invention, an improved waveform displaying
an improved luminance (e.g., a desired luminance) in the
corresponding frame may be obtained.
[0129] Although the present invention is described with
reference to detailed embodiments of the present inven-
tion, this is by way of example only and the present in-
vention is not limited thereto. A person of ordinary skill
in the art may change or modify the described embodi-
ments without departing from the scope of the present
invention, and the changes or modifications are also in-
cluded in the scope of the present invention. Further,
materials of each of the components described in the
present specification may be selected from or replaced
by various materials known to a person of ordinary skill
in the art. In addition, a person of ordinary skill in the art
may omit some of the components described in the
present application without deteriorating the perform-
ance, or may add components in order to improve the
performance. Further, a person of ordinary skill in the art
may change a sequence of processes described in the
present application, according to the process environ-
ments or equipment. Therefore, while the present inven-
tion has been described in connection with certain ex-
emplary embodiments, it is to be understood that the in-
vention is not limited to the disclosed embodiments, but,
on the contrary, is intended to cover various modifications
and equivalent arrangements included within the scope
of the appended claims, and equivalents thereof.

Claims

1. A pixel comprising:

an organic light emitting diode (OLED);
a driving transistor configured to transmit a driv-
ing current to the OLED according to a data sig-
nal;
a first transistor configured to transmit the data
signal to the driving transistor according to a first
scan signal;
a second transistor configured to apply a first
power source voltage to a source electrode of
the driving transistor according to a second scan
signal during an initialization period for initializ-
ing a gate electrode voltage of the driving tran-
sistor; and
a capacitor comprising a first electrode coupled
to a gate electrode of the driving transistor and
a second electrode coupled to a first power
source supply.

2. A pixel according to claim 1, wherein
The driving transistor is adapted to be operated by
a voltage difference between the gate electrode volt-
age and a source electrode voltage of the driving
transistor during the initialization period.

3. The pixel according to claim 1 or 2, wherein
the first transistor comprises a gate electrode for re-
ceiving the first scan signal, a source electrode for
receiving the data signal, and a drain electrode cou-
pled to the source electrode of the driving transistor,
wherein the first transistor is switching-operated ac-
cording to the first scan signal and is configured to
transmit the data signal to the source electrode of
the driving transistor.

4. A pixel according to any preceding claim, wherein
the second scan signal is transmitted to a second
scan line preceding a first scan line receiving the first
scan signal.

5. A pixel according to any preceding claim, further
comprising:

an initialization transistor configured to supply
an initialization voltage to the gate electrode of
the driving transistor during the initialization pe-
riod and to initialize the gate electrode voltage
of the driving transistor.

6. A pixel according to claim 5, wherein
the initialization transistor comprises:

a gate electrode for receiving the second scan
signal, a source electrode applied with the ini-
tialization voltage, and a drain electrode coupled
to the gate electrode of the driving transistor,
wherein the initialization transistor is configured
to be switching-operated according to the sec-
ond scan signal.

7. A pixel according to claim 5 or 6, wherein
the initialization period is a period in which the sec-
ond scan signal is transmitted to the initialization
transistor at a gate-on voltage level.

8. A pixel according to any preceding claim, wherein
the initialization period is before a period in which a
threshold voltage of the driving transistor is compen-
sated.

9. A pixel according to any preceding claim, further
comprising:

a threshold voltage compensation transistor
configured to be switching-operated according
to the first scan signal after the initialization pe-
riod and to diode-couple the driving transistor
and compensate a threshold voltage of the driv-
ing transistor.

10. A pixel according to any preceding claim, further
comprising:
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at least one light emission control transistor cou-
pled between the first power source supply and
the OLED and comprising a gate electrode for
receiving a light emission control signal for con-
trolling light emission of the OLED receiving the
driving current according to the data signal.

11. A pixel according to claim 10, wherein
the at least one light emission control transistor is
configured to be operated according to the light emis-
sion control signal transmitted at a gate-on voltage
level after the first scan signal and the second scan
signal are respectively transmitted at the gate-on
voltage level to the first transistor and the second
transistor in the pixel.

12. A pixel according to claim 10 or 11, wherein
the at least one light emission control transistor fur-
ther comprises:

a source electrode coupled to a drain electrode
of the driving transistor, and a drain electrode
coupled to an anode of the OLED.

13. A pixel according to claim 10, 11 or 12, wherein
the at least one light emission control transistor fur-
ther comprises:

a source electrode coupled to the first power
source supply, and a drain electrode coupled to
the source electrode of the driving transistor.

14. A pixel according to any preceding claim, wherein
the first transistor is adapted to be switching-operat-
ed according to the first scan signal to transmit the
data signal to the first electrode of the driving tran-
sistor.

15. A display device comprising:

a display unit comprising a plurality of pixels re-
spectively coupled to a plurality of scan lines for
transmitting a plurality of scan signals, a plurality
of data lines for transmitting a plurality of data
signals, and a plurality of light emission control
lines for transmitting a plurality of light emission
control signals;
a scan driver for transmitting the plurality of scan
signals;
a data driver for transmitting the plurality of data
signals; and
a light emission driver for transmitting the plu-
rality of light emission control signals,
wherein at least one of the pixels is as set out
in one of Claims 1 to 14.

16. A display device according to claim 15, wherein
the scan driver is configured to transmit the first scan

signal and the second scan signal to the plurality of
pixels.

17. A method of driving a display device comprising a
plurality of pixels, wherein each pixel of the plurality
of pixels comprises: an organic light emitting diode
(OLED); a driving transistor for transmitting a driving
current to the OLED according to a data signal; a
first transistor for transmitting the data signal to the
driving transistor according to a first scan signal; a
second transistor for applying a first power source
voltage to the driving transistor according to a sec-
ond scan signal; and a capacitor coupled between
the driving transistor and a first power source supply,
the method comprising:

initializing a gate electrode voltage of the driving
transistor;
compensating for a threshold voltage of the driv-
ing transistor and transmitting the data signal to
the driving transistor; and
providing the driving current to the OLED ac-
cording to the data signal to produce light emis-
sion,
wherein the second scan signal is transmitted
at a gate-on voltage level during the initializing
the gate electrode voltage of the driving transis-
tor.

18. A method according to claim 17, wherein
a voltage between a gate electrode and a source
electrode of the driving transistor is a voltage for op-
erating the driving transistor during the initializing the
gate electrode voltage of the driving transistor.

19. A method according to claim 17 or 18, wherein
the second scan signal is transmitted to a second
scan line preceding a first scan line receiving the first
scan signal.

20. A method according to one of claims 17 to 19, where-
in the initializing the gate electrode voltage of the
driving transistor comprises applying an initialization
voltage to a gate electrode of the driving transistor
via an initialization transistor configured to be switch-
ing-operated according to the second scan signal.

21. A method according to one of claims 17 to 20, where-
in the compensating for the threshold voltage of the
driving transistor comprises
diode-coupling the driving transistor via a threshold
voltage compensation transistor configured to be
switching-operated according to the first scan signal.

22. A method according to one of claims 17 to 21, where-
in the providing the driving current to the OLED ac-
cording to the data signal to produce light emission
comprises
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controlling the light emission of the OLED via at least
one light emission control transistor coupled be-
tween the first power source supply and the OLED,
wherein the at least one light emission control tran-
sistor is configured to be switching-operated by a
light emission control signal.

23. A method according to claim 22, wherein
the light emission control signal is transmitted at the
gate-on voltage level after the first scan signal and
the second scan signal are respectively transmitted
at the gate-on voltage level to the first transistor and
the second transistor.
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