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PIXEL CIRCUIT AND ORGANIC
ELECTRO-LUMINESCENT DISPLAY
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0121393, filed on
Dec. 8, 2009, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

1. Field

Aspects of embodiments according to the present invention
relate to a pixel circuit and an organic electro-luminescent
display apparatus.

2. Description of Related Art

A display apparatus applies data driving signals corre-
sponding to input data to a plurality of pixel circuits to control
the brightness of each of the pixels and thereby converts the
input data into an image to provide to a user. The data driving
signals to be outputted to the plurality of pixel circuits are
generated by a data driver. The data driver selects a gamma
voltage corresponding to the input data from among a plural-
ity of gamma voltages that are generated by a gamma filter
circuit and outputs the selected gamma voltage as the data
driving signal to the plurality of pixel circuits.

SUMMARY

Embodiments of the present invention provide for a pixel
circuit and an organic electro-luminescent display apparatus
(e.g., an organic light emitting display device) that can com-
pensate for the threshold voltage and voltage drop of a tran-
sistor when driving the organic electro-luminescent display
apparatus. Embodiments of the present invention also provide
for a pixel circuit and an organic electro-luminescent display
apparatus that divide and drive an initialization time, thereby
improving a contrast ratio. In addition, embodiments of the
present invention provide for a pixel circuit and an organic
electro-luminescent display apparatus that reduce or mini-
mize the change of a current due to a leakage current by
correcting the leakage current corresponding to a data voltage
with a fixed power source, thereby improving crosstalk. Fur-
thermore, embodiments of the present invention provide for a
pixel circuit and an organic electro-luminescent display appa-
ratus that adjust the duty of an emission control signal,
thereby removing or reducing motion blur.

According to an exemplary embodiment of the present
invention, a pixel circuit for driving a light emitting device is
provided. The light emitting device includes a first electrode
and a second electrode. The pixel circuit includes a driving
transistor, second through sixth transistors, and a first capaci-
tor. The driving transistor includes a first electrode and a
second electrode, and is configured to output a driving current
corresponding to a voltage applied to a gate electrode of the
driving transistor. The second transistor is configured to elec-
trically couple the gate electrode and the second electrode of
the driving transistor to each other in response to a second
scan control signal applied to a gate electrode of the second
transistor. The third transistor includes a first electrode con-
figured to receive a data signal. The third transistor is config-
ured to transfer the data signal to a second electrode of the
third transistor in response to the second scan signal. The
fourth transistor includes a first electrode coupled to a first
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power source. The fourth transistor is configured to transfer a
voltage from the first power source to the second electrode of
the third transistor in response to a second emission control
signal. The fifth transistor is coupled in series between the
second electrode of the driving transistor and the first elec-
trode of the light emitting device, and is configured to transfer
the driving current from the driving transistor to the first
electrode of the light emitting device in response to a first
emission control signal applied to a gate electrode of the fifth
transistor. The sixth transistor is configured to transfer an
initialization voltage to the gate electrode of the driving tran-
sistor in response to a first scan signal. The first capacitor
includes a first electrode coupled to the second electrode of
the third transistor and a second electrode of the fourth tran-
sistor, and a second electrode coupled to the gate electrode of
the driving transistor.

The light emitting device may be an organic light emitting
diode (OLED).

The second transistor may include a first electrode coupled
to the gate electrode of the driving transistor, and a second
electrode coupled to the second electrode of the driving tran-
sistor.

The second electrode of the light emitting device may be
coupled to a third power source.

The initialization voltage may have substantially the same
voltage level as a voltage of the third power source.

The pixel circuit may further include a second capacitor
having a first electrode coupled to the second electrode of the
first capacitor, and a second electrode coupled to a second
power source.

The pixel circuit may further include a second capacitor
having a first electrode coupled to the first electrode of the
first capacitor, and a second electrode coupled to a second
power source.

The first electrode of the driving transistor may be a source
electrode, and the second electrode of the driving transistor
may be a drain electrode.

The first and second scan signals and the first and second
emission control signals may be driven to have a first time
period, a second time period, a third time period, and a fourth
time period. During the first time period, the first scan signal
and the second emission control signal have a first level, and
the second scan signal and the first emission control signal
have a second level. During the second time period, the data
signal is effective for the pixel circuit, the second scan signal
has the first level, and the first scan signal and the first and
second emission control signals have the second level. During
the third time period, the first and second scan signals and the
second emission control signal have the second level, and the
first emission control signal has the first level. During the
fourth time period, the first and second scan signals have the
second level, and the first and second emission control signals
have the first level. The first level is a level at which the driving
transistor and the second to sixth transistors are turned on, and
the second level is a level at which the driving transistor and
the second to sixth transistors are turned off.

According to another exemplary embodiment of the
present invention, an organic electro-luminescent display
apparatus is provided. The apparatus includes a plurality of
pixels, a scan driver, and a data driver. The scan driver is
configured to output first and second scan signals and first and
second emission control signals to each of the pixels. The data
driver is configured to generate and output data signals to the
pixels. Each of the pixels includes an organic light emitting
diode (OLED), a driving transistor, second through sixth
transistors, and a first capacitor. The OLED includes first and
second electrodes. The driving transistor includes a first elec-
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trode and a second electrode, and is configured to output a
driving current corresponding to a voltage applied to a gate
electrode of the driving transistor. The second transistor is
configured to electrically couple the gate electrode and the
second electrode of the driving transistor to each other in
response to a respective one of the second scan signals
applied to a gate electrode of the second transistor. The third
transistor includes a first electrode configured to receive a
data signal. The third transistor is configured to transfer a
respective one of the data signals to a second electrode of the
third transistor in response to the respective one of the second
scan signals. The fourth transistor includes a first electrode
coupled to a first power source. The fourth transistor is con-
figured to transfer a voltage from the first power source to the
second electrode of the third transistor in response to a respec-
tive one of the second emission control signals. The fifth
transistor is coupled in series between the second electrode of
the driving transistor and the first electrode of the OLED, and
is configured to transfer the driving current from the driving
transistor to the first electrode of the OLED in response to a
respective one of the first emission control signals applied to
a gate electrode of the fifth transistor. The sixth transistor is
configured to transfer an initialization voltage to the gate
electrode of the driving transistor in response to a respective
one ofthe first scan signals. The first capacitor includes a first
electrode coupled to the second electrode of the third transis-
tor and a second electrode of the fourth transistor, and a
second electrode coupled to the gate electrode of the driving
transistor.

The second transistor may include a first electrode coupled
to the gate electrode of the driving transistor, and a second
electrode coupled to the second electrode of the driving tran-
sistor.

The second electrode of the OLED may be coupled to a
third power source.

The initialization voltage may have substantially the same
voltage level as a voltage of the third power source.

The apparatus may further include a second capacitor hav-
ing a first electrode coupled to the second electrode of the first
capacitor, and a second electrode coupled to a second power
source.

The apparatus may further include a second capacitor hav-
ing a first electrode coupled to the first electrode of the first
capacitor, and a second electrode coupled to a second power
source.

The first electrode of the driving transistor may be a source
electrode, and the second electrode of the driving transistor
may be a drain electrode.

The scan driver may be driven to have a first time period, a
second time period, a third time period, and a fourth time
period. During the first time period, the respective ones of the
first scan signals and the second emission control signals have
a first level, and the respective ones of the second scan signals
and the first emission control signals have a second level.
During the second time period, the respective one of the data
signals is effective for the respective one of the pixels, the
respective one of the second scan signals has a first level, and
the respective ones of the first scan signals and the first and
second emission control signals have the second level. During
the third time period, the respective ones of the first and
second scan signals and the second emission control signals
have the second level, and the respective one of the first
emission control signals has the first level. During the fourth
time period, the respective ones of the first and second scan
signals have the second level, and the respective ones of the
first and second emission control signals have the first level.
The first level is a level at which the driving transistor and the
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second to sixth transistors are turned on, and the second level
1s alevel at which the driving transistor and the second to sixth
transistors are turned off.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and aspects of the present
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

FIG. 1is a diagram illustrating the emission principle of an
organic electro-luminescent diode;

FIG. 2 is a diagram illustrating an exemplary pixel circuit;

FIG. 3 is a diagram illustrating the structure of an organic
electro-luminescent display apparatus according to an
embodiment of the present invention;

FIG. 4 is a diagram illustrating a pixel circuit according to
an embodiment of the present invention;

FIG. 5 is a timing diagram of driving signals according to
an embodiment of the present invention;

FIG. 6 is a diagram illustrating a pixel circuit according to
another embodiment of the present invention;

FIG. 7 is adiagram illustrating a pixel circuit according to
another embodiment of the present invention;

FIG. 8 is a diagram illustrating a pixel circuit according to
another embodiment of the present invention;

FIG. 9 is adiagram illustrating a pixel circuit according to
another embodiment of the present invention; and

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

DETAILED DESCRIPTION

Aspects of the present invention will now be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The following description and the accompanying drawings
are for understanding the operations of aspects of the present
invention, and some of the portions that are not required fora
complete understanding of the invention have been omitted.
Moreover, the specification and the accompanying drawings
are provided for the purpose of illustration, not limitation.

In the drawings, like reference numerals refer to like ele-
ments throughout. In addition, signal lines and their corre-
sponding signals are labeled similarly throughout, with the
appropriate meaning apparent from context. Likewise, power
sources and their corresponding voltages are labeled simi-
larly throughout, with the appropriate meaning apparent from
context. Further, when an element is referred to as being
“coupled to” another element, it can be directly connected to
the other element or be indirectly connected to the other
element with one or more intervening elements in between.

FIG. 11s a diagram illustrating the emission principle of an
organic electro-luminescent diode.

An organic electro-luminescent display apparatus is a dis-
play apparatus that electrically excites a fluorescent organic
compound to emit light, and voltage-drives or current-drives
organic electro-luminescent devices that are arranged in a
matrix to present an image. Each of the organic electro-
luminescent devices is typically referred to as an organic light
emitting diode (OLED) because it has diode characteristics.

Referring now to FIG. 1, the OLED has a structure in which
an anode (ITO), an organic thin film, and a cathode electrode
layer (metal) are stacked. For improving emission efficiency
by making a good balance between electrons and holes, the
organic thin film includes an emitting layer (EML), an Elec-
tron Transport Layer (ETL), and a Hole Transport Layer
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(HTL). In addition, the organic thin film may further include
a Hole Injecting Layer (HIL) or an Electron Injecting Layer
(EIL).

FIG. 2 is a diagram illustrating an exemplary pixel circuit.

Referring now to FIG. 2, an organic electro-luminescent
display apparatus includes a plurality of pixels 200, each of
which includes an OLED and a pixel circuit 210. The OLED
receives a driving current 1, -, that is outputted from the
pixel circuit 210 to emit light, and the brightness of light that
is emitted from the OLED varies according to the magnitude
of the driving current 1,,.,. The pixel circuit 210 may
include a capacitor C1, a driving transistor M1, and a second
transistor M2. The driving transistor M1 may include a source
electrode coupled to an anode power source ELVDD, a drain
electrode coupled to an anode electrode of the OLED, and a
gate electrode coupled to a first electrode of the capacitor C1.

When a scan signal Sn from a scan line is applied to a gate
electrode of the second transistor M2, a data signal from a
data line DM is applied to the gate electrode of the driving
transistor M1 and the first electrode of the capacitor C1
through the second transistor M2. While the data signal Dm is
being applied, a voltage value corresponding to the data sig-
nal Dm is stored in the storage capacitor C1. The driving
transistor M1 generates the driving current 1, ., according
to the value of the data signal Dm and outputs the driving
current I ,; - to the anode electrode of the OLED. The OLED
receives the driving current I ; ., from the pixel circuit 210 to
emit light having brightness corresponding to the data signal
Dm.

In the organic electro-luminescent display apparatus, when
the scan signal Sn is applied, initialization is performed and a
threshold voltage is compensated. In this case, a contrast ratio
may become worse because undesired light is produced while
the initialization is being performed, and particularly, it may
be difficult to perform the initialization within a short time in
the case of a large panel. Embodiments of the present inven-
tion provide a pixel circuit for solving or reducing the effects
of limitations such as these.

FIG. 3 is a diagram illustrating the structure of an organic
electro-luminescent display apparatus (e.g., an organic light
emitting display device) according to an embodiment of the
present invention.

Referring now to FIG. 3, an organic electro-luminescent
display apparatus according to an embodiment of the present
invention includes a controller 310, a data driver 320, a scan
driver 330, and a plurality of pixels 340.

The controller 310 generates RGB data and data driver
control signals DCS and outputs them to the data driver 320.
In addition, the controller 310 generates scan driver control
signals SCS and outputs them to the scan driver 330.

The data driver 320 generates the data signals Dm from the
RGB data and data driver control signals DCS and outputs the
data signals Dm to the pixels 340 through a plurality of data
lines D1, D2, . .., D, . The data driver 320 may generate the
data signals Dm from the RGB data using a gamma filter and
a digital-to-analog conversion circuit. The data signals Dm
may be outputted to respective ones of the plurality of pixels
that are located in the same row for one scan period. More-
over, the plurality of datalines D1, D2,. .., D,,through which
the data signals Dm are transferred may be coupled to respec-
tive ones of the plurality of pixels that are located in the same
column.

The scan driver 330 generates scan signals Snand emission
control signals En from the scan driver control signals SCS
and outputs the generated signals to the plurality of pixels 340
through a plurality of scan lines S0, S1, S2, ..., Syand a
plurality of emission control lines E1, E2, E3, E, |, respec-
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tively. The plurality of scan lines S0, S1, S2, S, through
which the scan signals Sn are transferred and the plurality of
emission control lines E1, E2, E3, E,,,, through which the
emission control signals En are transferred may be coupled to
respective ones of the plurality of pixels that are located in the
same row. The scan signals Sn and the emission control
signals En may be sequentially driven in row units (e.g., row
by row).

The scan driver 330 according to an embodiment of the
present invention may further output a first scan signal Sn-1
through a scan line S,,_, for initializing the voltage of gate
electrodes of driving transistors of respective ones of the
plurality of pixels in row n. The first scan signal Sn-1 is
outputted in common to respective ones of the plurality of
pixels that are located in the same row (i.e., the nth row), and
is sequentially driven in units of rows. The first scan signal
Sn-1 is driven before a second scan signal through scan line
Sy s driven to the respective ones of the plurality of pixels in
row n. According to an embodiment of the present invention,
as illustrated in FIG. 3, the first scan signal Sn-1 may be the
scan signal of a previous row (i.e., row n-1). For this, the scan
driver 330 may output an additional scan signal S0 as an
initialization signal for the first row, before a scan signal S1
for the first row is driven.

The scan driver 330 according to an embodiment of the
present invention may further output a second emission con-
trol signal En+1 through an emission control line Ey,, ;, for
improving crosstalk by minimizing or reducing the change of
a current caused by a leakage current. The second emission
control signal En+1 is outputted in common to the respective
ones of the plurality of pixels that are located in the same row
(i.e., the nth row), and is sequentially driven a row at a time.
The second emission control signal En+1 is driven after a first
emission control signal En is driven through emission control
line. The first emission control signal En is driven to the
respective ones of the plurality of pixels in row n. According
to an embodiment of the present invention, as illustrated in
FIG. 3, the second emission control signal En+1 may be the
emission control signal En+1 of a next row (i.e., row n+1). For
this, the scan driver 330 may output an additional emission
control signal En+1 for improving crosstalk as a termination
control signal for the last (Nth) row, after an emission control
signal En for the last row is driven.

A plurality of pixels 340, as illustrated in FIG. 3, may be
arranged in an NxM matrix. Each pixel Pnm of the pixels 340
may include an OLED and a pixel circuit for driving the
OLED. An anode power source voltage ELVDD, an initial-
ization voltage Vinit, a first power source voltage Vsus, and a
cathode power source voltage ELVSS may be applied to each
of the pixels 340.

FIG. 4 is a diagram illustrating a pixel circuit 410a accord-
ing to an embodiment of the present invention.

Referring now to FIG. 4, a pixel Pnm that is located at an
nth row, mth column includes the pixel circuit 410 and an
OLED. The pixel circuit 410a receives a data signal Dm from
the data driver 320 through a data line DM and outputs a
driving current I, -, corresponding to the data signal Dm to
the OLED. The OLED emits light having brightness corre-
sponding to the magnitude of the driving current I, 5.

The pixel circuit 410a in FIG. 4 includes a driving transis-
tor M1, second to sixth transistors M2 to M6, and first and
second capacitors C1 and C2. The driving transistor M1
includes a first electrode coupled to an anode power source
outputting anode power source voltage ELVDD, a second
electrode, and a gate electrode. In some embodiments, the
first electrode of the driving transistor M1 is a source elec-
trode while the second electrode is a drain electrode.
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The second transistor M2 includes a first electrode coupled
to asecond node N2, a second electrode coupled to the second
electrode of the driving transistor M1, and a gate electrode
coupled to a second scan line outputting a second scan signal
Sn. The gate electrode and the second electrode of the driving
transistor M1 are coupled through the second transistor M2.
The second transistor M2 couples the gate electrode and the
second electrode of the driving transistor M1 to diode-con-
nect the driving transistor M1, in response to the second scan
signal Sn. Herein, diode connection denotes that a transistor
operates like a diode by coupling a gate electrode and a first
electrode of the transistor or coupling the gate electrode and
a second electrode of the transistor.

The third transistor M3 includes a first electrode coupled to
the data line, a second electrode coupled to a first node N1,
and a gate electrode coupled to the second scan line. The third
transistor M3 electrically couples the data line and the first
node N1 in response to the second scan signal Sn.

The fourth transistor M4 includes a first electrode coupled
to a first power source outputting the first power source volt-
age Vsus, a second electrode coupled to the first node N1, and
a gate electrode coupled to a second emission control line
outputting a second emission control signal En+1. The fourth
transistor M4 electrically couples the first power source and
the first node N1 in response to the second emission control
signal En+1.

The fifth transistor M5 includes a first electrode coupled to
the second electrode of the driving transistor M1, a second
electrode coupled to an anode electrode of the OLED, and a
gate electrode coupled to a first emission control line output-
ting the first emission control En. The fifth transistor M5 is
turned on when the first emission control signal En is sup-
plied, but when the first emission control signal En is not
supplied, the fifth transistor M5 is turned off.

The sixth transistor M6 includes a first electrode coupled to
an initialization power source outputting the initialization
voltage Vinit, a second electrode coupled to a second node
N2, and a gate electrode coupled to a first scan line outputting
the first scan signal Sn-1. The sixth transistor M6 electrically
couples the initialization power source Vinit and the second
node N2 in response to the first scan signal Sn-1.

The first capacitor C1 includes a first electrode coupled to
the first node N1 and a second electrode coupled to the second
node N2. The second capacitor C2 includes a first electrode
coupled to the second node N2 and a second electrode
coupled to an anode power source.

FIG. 5 is a timing diagram of driving signals according to
an embodiment of the present invention.

Referring to the driving signals of FIG. 5 for driving the
pixel circuit 410a of FIG. 4, before a first time period A, a
driving current I, 5, corresponding to the data signal Dm of
a previous frame flows through the OLED and thereby the
OLED emits light.

For the first time period A, the first scan signal Sn—1 and the
second emission control signal En+1 have a first level, and the
second scan signal Sn and the first emission control signal En
have a second level. Herein, the first level is one at which the
first transistor through the sixth transistor M1 through M6 are
turned on, and the second level is one at which the first
transistor through the sixth transistor M1 through M6 are
turned off. Since the second scan signal Sn and the first
emission control signal En have the second level, the second
transistor M2, the third transistor M3, and the fifth transistor
MS are turned off. The fourth transistor M4 is turned on in
response to the second emission control signal En+1 and
thereby, the first node N1 is initialized to the first power
source voltage Vsus. In addition, the sixth transistor M6 is
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turned on in response to the first scan signal Sn-1 and thereby,
the second node N2 is initialized to the initialization voltage
Vinit. A voltage corresponding to a voltage difference
between the initialized first node N1 and the initialized sec-
ond node N2 is stored in the first capacitor C1. A voltage
corresponding to a voltage difference between the anode
power source outputting the anode power source voltage
ELVDD and the initialized second node N2 is stored in the
second capacitor C2.

An imtialization signal is divided into the first scan signal
Sn-1 and the second emission control signal En+1, and is
driven for the first time period A. Thus, the limitations of
initialization in a large panel can be overcome by adding the
initialization power source outputting initialization voltage
Vinit.

For a second time period B, subsequently, the second scan
signal Sn has the first level; the first scan signal Sn-1, the first
emission control signal En, and the second emission control
signal En+1 have the second level; and the data signal Dm is
effective for the pixel circuit 410a. Since the first scan signal
Sn-1, the first emission control signal En, and the second
emission control signal En+1 have the second level, the fourth
to sixth transistors M4 to M6 are turned off. Since the second
scan signal Sn has the first level, the second transistor M2 is
turned on in response to the second scan signal Sn and
thereby, the driving transistor M1 is diode-connected and a
difference between the anode power source voltage ELVDD
and a threshold voltage Vth of the driving transistor M1 is
applied to the second node N2.

In addition, the third transistor M3 is turned on in response
to the second scan signal Sn, and thereby a data voltage Vdata
corresponding to the data signal Dm is applied to the first
node N1. Accordingly, a voltage equal to a voltage difference
between the first and second nodes N1 and N2 is stored in the
first capacitor C1, and a voltage equal to a voltage difference
between the anode power source and the second node N2 is
stored in the second capacitor C2. Consequently, the compen-
sation of the threshold voltage Vth of the driving transistor
M1 and the storing of the data signal Dm can be achieved at
the same time.

For a third time period C, subsequently, the first emission
control signal En has the first level, and the second emission
control signal En+1, the first scan signal Sn-1, and the second
scan signal Sn have the second level. Since the first scan
signal Sn-1, the second scan signal Sn, and the second emis-
sion control signal En+1 have the second level, the second
transistor M2, the third transistor M3, the fourth transistor
M4, and the sixth transistor M6 are turned off. Since the first
emission control signal En has the first level, the fifth transis-
tor M5 is turned on in response to the first emission control
signal En. Since the first and second nodes N1 and N2 are
floated, however, the driving transistor M1 does not operate,
and the OLED does not emit light.

For a fourth time period D, subsequently, the first emission
control signal En and the second emission control signal
En+1 have the first level, and the first scan signal Sn—1 and the
second scan signal Sn have the second level. Since the first
scan signal Sn-1 and the second scan signal Sn have the
second level, the second transistor M2, the third transistor
M3, and the sixth transistor M6 are turned off. The fourth
transistor M4 is turned on in response to the second emission
control signal En+1, and thereby the voltage of the first node
N1 is dropped to the first power source voltage Vsus. Since
the second node N2 is in a floated state, when the voltage of
the first node N1 is dropped, the voltage of the second node
N2 is also dropped.
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At this point, the second capacitor C2 is charged with a
certain voltage in correspondence with a voltage that is
applied to the second node N2. Herein, since the magnitude of
the voltage drop of the second node N2 is determined by the
data voltage Vdata corresponding to the data signal Dm, the
charged voltage of the second capacitor C2 is controlled by
the data voltage Vdata. The fifth transistor M5 is turned on in
response to the first emission control signal En. Then, the
driving transistor M1 supplies the driving current I, ., cor-
responding to a voltage that is applied to the second node N2,
to the OLED, and consequently, light having certain bright-
ness is emitted in the OLED.

Herein, since the first node N1 is maintained at the first
power source voltage Vsus for the fourth time period D, the
change of a leakage current corresponding to the data voltage
Vdata (by the third transistor M3) is reduced or minimized,
thereby improving crosstalk.

Accordingly, the driving current 1, that is outputted
from the pixel circuit 410a according to an embodiment of the
present invention is determined irrespective of the voltage of
an anode electrode of the OLED, the cathode power source
voltage ELVSS, and the threshold voltage Vth of the driving
transistor M1. In embodiments of the present invention, con-
sequently, limitations in which the voltage of the data signal
Dm should be increased or the image quality is degraded by
the change of the magnitude of the driving current 1, -
depending on the voltage of the anode electrode of the OLED,
can be eliminated or reduced. According to embodiments of
the present invention, moreover, limitations in which image
quality is degraded by the change of the cathode power source
voltage ELVSS can be eliminated or reduced.

FIG. 6 is a diagram illustrating a pixel circuit 4105 accord-
ing to another embodiment of the present invention.

Referring now to FIG. 6, when compared to the embodi-
ment of FIG. 4, a separate initialization voltage Vinit is not
supplied, and the first electrode of the sixth transistor M6 is
instead coupled to the cathode power source outputting the
cathode power source voltage ELVSS of the OLED. Elements
of FIG. 6 that are substantially identical to those of FIG. 4 will
not be described again.

Referring to the driving signals of FIG. 5 for driving the
pixel circuit 4105 of FIG. 6, before the first time period A, the
driving current I, 5, corresponding to the data signal Dm of
the previous frame flows through the OLED and thereby the
OLED emits light.

For the first time period A, since the second scan signal Sn
and the first emission control signal En have the second level,
the second transistor M2, the third transistor M3, and the fifth
transistor M5 are turned off. The fourth transistor M4 is
turned on in response to the second emission control signal
En+1, and thereby the first node N1 is initialized to the first
power source voltage Vsus. Furthermore, the sixth transistor
M¢6 is turned on in response to the first scan signal Sn-1, and
thereby the second node N2 is initialized to the cathode power
source voltage ELVSS. A voltage corresponding to a voltage
difference between the initialized first node N1 and the ini-
tialized second node N2 is stored in the first capacitor C1. A
voltage corresponding to a voltage difference between the
anode power source outputting the anode power source volt-
age ELVDD and the initialized second node N2 is stored in
the second capacitor C2. Since other operations are the same
as operations that have been described above with reference
to FIGS. 4 and 5, they will be omitted.

FIG. 7 is a diagram illustrating a pixel circuit 410¢ accord-
ing to another embodiment of the present invention.

Referring now to FIG. 7, the pixel circuit 410¢ includes a
driving transistor M1, second to sixth transistors M2 to M6,
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and a first capacitor C1. The driving transistor M1 includes a
first electrode coupled to an anode power source outputting
the anode power source voltage ELVDD, a second electrode,
and a gate electrode. In some embodiments, the first electrode
of the driving transistor M1 is a source electrode while the
second electrode is a drain electrode.

The second transistor M2 includes a first electrode coupled
to a second node N2, a second electrode coupled to the second
electrode of the driving transistor M1, and a gate electrode
coupled to a second scan line outputting the second scan
signal Sn. The gate electrode and the second electrode of the
driving transistor M1 are coupled through the second transis-
tor M2. The second transistor M2 couples the gate electrode
and the second electrode of the driving transistor M1 to diode-
connect the driving transistor M1, in response to the second
scan signal Sn.

The third transistor M3 includes a first electrode coupled to
adata line Dm, a second electrode coupled to a first node N1,
and a gate electrode coupled to the second scan line. The third
transistor M3 electrically couples the data line and the first
node N1 in response to the second scan signal Sn.

The fourth transistor M4 includes a first electrode coupled
to a first power source outputting the first power source volt-
age Vsus, a second electrode coupled to the firstnode N1, and
a gate electrode coupled to a second emission control line
outputting second emission control signal En+1. The fourth
transistor M4 electrically couples the first power source and
the first node N1 in response to the second emission control
signal En+1.

The fifth transistor M5 includes a first electrode coupled to
the second electrode of the driving transistor M1, a second
electrode coupled to an anode electrode of an OLED, and a
gate electrode coupled to a first emission control line output-
ting first emission control signal En. The fifth transistor M5 is
turned on when the first emission control signal En is sup-
plied, but when the first emission control signal En is not
supplied, the fifth transistor M5 is turned off.

The sixth transistor M6 includes a first electrode coupled to
an initialization power source outputting the initialization
voltage Vinit, a second electrode coupled to the second node
N2, and a gate electrode coupled to a first scan signal Sn-1.
The sixth transistor M6 electrically couples the initialization
power source and the second node N2 in response to the first
scan signal Sn-1.

The first capacitor C1 includes a first electrode coupled to
the first node N1 and a second electrode coupled to the second
node N2.

Referring to the driving signals of FIG. 5 for driving the
pixel circuit 410¢ of FIG. 7, before a first time period A, a
driving current I, ., corresponding to the data signal Dm of
a previous frame flows through the OLED and thereby the
OLED emits light.

For the first time period A, the first scan signal Sn—1 and the
second emission control signal En+1 have the first level, and
the second scan signal Sn and the first emission control signal
Enhave the second level. Since the second scan signal Sn and
the first emission control signal En have the second level, the
second transistor M2, the third transistor M3, and the fifth
transistor M5 are turned off. The fourth transistor M4 is
turned on in response to the second emission control signal
En+1 and thereby, the first node N1 is initialized to the first
power source voltage Vsus. In addition, the sixth transistor
M6 is turned on in response to the first scan signal Sn-1 and
thereby, the second node N2 is initialized to the initialization
voltage Vinit. A voltage corresponding to a voltage difference
between the initialized first node N1 and the initialized sec-
ond node N2 is stored in the first capacitor C1.



US 8,797,314 B2

11

For a second time period B, subsequently, the second scan
signal Sn has the first level; the first scan signal Sn-1, the first
emission control signal En, and the second emission control
signal En+1 have the second level; and the data signal Dm is
effective for the pixel circuit 410¢. Since the first emission
control signal En, the second emission control signal En+1,
and the first scan signal Sn—1 have the second level, the fourth
to sixth transistors M4 to M6 are turned off. The second
transistor M2 is turned on in response to the second scan
signal Sn and thereby, the driving transistor M1 is diode-
connected and a difference between the anode power source
voltage ELVDD and a threshold voltage Vth of the driving
transistor M1 is applied to the second node N2.

In addition, the third transistor M3 is turned on in response
to the second scan signal Sn, and thereby a data voltage Vdata
corresponding to the data signal Dm is applied to the first
node N1. Accordingly, a voltage equal to a voltage difference
between the first and second nodes N1 and N2 is stored in the
first capacitor C1.

For a third time period C, subsequently, the first emission
control signal En has the first level, and the second emission
control signal En+1, the first scan signal Sn-1, and the second
scan signal Sn have the second level. Since the first scan
signal Sn-1, the second scan signal Sn, and the second emis-
sion control signal En+1 have the second level, the second
transistor M2, the third transistor M3, the fourth transistor
M4, and the sixth transistor M6 are turned off. The fifth
transistor M5 is turned on in response to the first emission
control signal En. Since the first and second nodes N1 and N2
are floated, the driving transistor M1 does not operate, and the
OLED does not emit light.

For a fourth time period D, subsequently, the first emission
control signal En and the second emission control signal
En+1 have the first level, and the first scan signal Sn—1 and the
second scan signal Sn have the second level. Since the first
scan signal Sn-1 and the second scan signal Sn have the
second level, the second transistor M2, the third transistor
M3, and the sixth transistor M6 are turned off. The fourth
transistor M4 is turned on in response to the second emission
control signal En+1, and thereby the voltage of the first node
N1 is dropped to the first power source voltage Vsus.

Furthermore, since the second node N2 is in a floated state,
when the voltage of the first node N1 is dropped, the voltage
of the second node N2 is also dropped. The magnitude of the
voltage drop of the second node N2 is determined by the data
voltage Vdata corresponding to the data signal Dm. The fifth
transistor M5 is turned on in response to the first emission
control signal En. Then, the driving transistor M1 supplies the
driving current Iz, corresponding to a voltage that is
applied to the second node N2, to the OLED, and conse-
quently, light having certain brightness is emitted in the
OLED.

FIG. 8 is adiagram illustrating a pixel circuit 4104 accord-
ing to another embodiment of the present invention.

Referring now to FIG. 8, when compared to the embodi-
ment of FIG. 7, a separate initialization voltage Vinit is not
applied, and the first electrode of the sixth transistor M6 is
instead coupled to the cathode power source outputting the
cathode power source voltage ELVSS of an OLED. The
remainder of FIG. 8 is the same as FIG. 7, so will not be
described any further.

Referring to the driving signals of FIG. 5 for driving the
pixel circuit 4104 of FIG. 8, before the first time period A, the
driving current I, -, corresponding to the data signal Dm of
the previous frame flows through the OLED and thereby the
OLED emits light.
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For the first time period A, since the second scan signal Sn
and the first emission control signal En have the second level,
the second transistor M2, the third transistor M3, and the fifth
transistor M5 are turned off. The fourth transistor M4 is
turned on in response to the second emission control signal
En+1, and thereby the first node N1 is initialized to the first
power source voltage Vsus. Furthermore, the sixth transistor
M6 is turned on in response to the first scan signal Sn-1, and
thereby the second node N2 is initialized to the cathode power
source voltage ELVSS. A voltage corresponding to a voltage
difference between the initialized first node N1 and the ini-
tialized second node N2 is stored in a first capacitor C1. Since
other operations are the same as operations that have been
described above with reference to FIGS. 7 and 5, they will be
omitted.

FIG.9 is a diagram illustrating a pixel circuit 410e accord-
ing to another embodiment of the present invention.

Comparing with FI1G. 4, in the pixel circuit 410e, a second
capacitor C2 includes a first electrode connected to the first
node N1and a second electrode connected to the anode power
source voltage ELVDD, and other elements are the same as
those of FIG. 4.

Referring to the driving signals of FIG. 5 for driving the
pixel circuit 410e of FIG. 9, before a first time period A, a
driving current I, ., corresponding to the data signal Dm of
a previous frame flows through the OLED and thereby the
OLED emits light.

For the first time period A, the first scan signal Sn—1 and the
second emission control signal En+1 have the first level, and
the second scan signal Sn and the first emission control signal
Enhave the second level. Since the second scan signal Sn and
the first emission control signal En have the second level, the
second transistor M2, the third transistor M3, and the fifth
transistor M5 are turned off. The fourth transistor M4 is
turned on in response to the second emission control signal
En+1 and thereby, the first node N1 is initialized to the first
power source voltage Vsus. In addition, the sixth transistor
M¢6 is turned on in response to the first scan signal Sn-1 and
thereby, the second node N2 is initialized to the initialization
voltage Vinit. A voltage corresponding to a voltage difference
between the initialized first node N1 and the initialized sec-
ond node N2 is stored in the first capacitor C1. A voltage
corresponding to a voltage difference between the anode
power source and the initialized first node N1 is stored in the
second capacitor C2.

For a second time period B, subsequently, the second scan
signal Sn has the first level; the first scan signal Sn-1, the first
emission control signal En, and the second emission control
signal En+1 have the second level; and the data signal Dm is
effective for the pixel circuit 410e. Since the first scan signal
Sn-1, the first emission control signal En, and the second
emission control signal En+1 have the second level, the fourth
to sixth transistors M4 to M6 are turned off. The second
transistor M2 is turned on in response to the second scan
signal Sn, and thereby, the driving transistor M1 is diode-
connected and a difference between the anode power source
voltage ELVDD and a threshold voltage Vth is applied to the
second node N2.

In addition, the third transistor M3 is turned on in response
to the second scan signal Sn, and thereby a data voltage Vdata
corresponding to the data signal Dm is applied to the first
node N1. Accordingly, a voltage equal to a voltage difference
between the first and second nodes N1 and N2 is stored in the
first capacitor C1, and a voltage equal to difference between
the anode power source voltage ELVDD and the first node N1
is stored in the second capacitor C2.
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For a third time period C, subsequently, the first emission
control signal En has the first level, and the second emission
control signal En+1, the first scan signal Sn~1 and the second
scan signal Sn have the second level. Since the first scan
signal Sn-1, the second scan signal Sn, and the second emis-
sion control signal En+1 have the second level, the second
transistor M2, the third transistor M3, the fourth transistor
M4, and the sixth transistor M6 are turned off. The fifth
transistor M5 is turned on in response to the first emission
control signal En. Since the first and second nodes N1 and N2
are floated, the driving transistor M1 does not operate, and the
OLED does not emit light.

For a fourth time period D, subsequently, the first emission
control signal En and the second emission control signal
En+1 have the first level, and the first scan signal Sn~1 and the
second scan signal Sn have the second level. Since the first
scan signal Sn-1 and the second scan signal Sn have the
second level, the second transistor M2, the third transistor
M3, and the sixth transistor M6 are turned off. The fourth
transistor M4 is turned on in response to the second emission
control signal En+1, and thereby the voltage of the first node
N1 is dropped to the first power source voltage Vsus.

Furthermore, since the second node N2 is in a floated state,
when the voltage of the first node N1 is dropped, the voltage
of the second node N2 is also dropped. The magnitude of the
voltage drop of the second node N2 is determined by the data
voltage Vdata corresponding to the data signal Dm. The fifth
transistor M5 is turned on in response to the first emission
control signal En. Then, the driving transistor M1 supplies the
driving current 1,; .., cotresponding to a voltage that is
applied to the second node N2, to the OLED, and conse-
quently, light having certain brightness is emitted in the
OLED.

FIG.101s a diagram illustrating a pixel circuit 410faccord-
ing to another embodiment of the present invention.

Referring now to F1G. 10, when compared to the embodi-
ment of FIG. 9, a separate initialization voltage Vinit is not
applied, and the first electrode of the sixth transistor M6 is
instead coupled to the cathode power source outputting the
cathode power source voltage ELVSS of an OLED. The
remainder of FIG. 10 1s the same as FIG. 9, so will not be
described any further.

Referring to the driving signals of FIG. 5 for driving the
pixel circuit 410/ of FIG. 10, before the first time period A, the
driving current I, 5, corresponding to the data signal Dm of
the previous frame flows through the OLED and thereby the
OLED emits light.

For the first time period A, since the second scan signal Sn
and the first emission control signal En have the second level,
the second transistor M2, the third transistor M3 and the fifth
transistor M5 are turned off. The fourth transistor M4 is
turned on in response to the second emission control signal
En+1, and thereby the first node N1 is initialized to the first
power source voltage Vsus. Furthermore, the sixth transistor
M¢6 is turned on in response to the first scan signal Sn-1, and
thereby the second node N2 is initialized to the cathode power
source voltage ELVSS. A voltage corresponding to a voltage
difference between the initialized first node N1 and the ini-
tialized second node N2 is stored in the first capacitor C1. A
voltage corresponding to a voltage difference between an
anode power source and the initialized first node N1 is stored
in the second capacitor C2. Since other operations are the
same as operations that have been described above with ref-
erence to FIGS. 9 and 5, they will be omitted.

According to embodiments of the present invention, as
described above, the organic electro-luminescent display
apparatus can compensate for the threshold voltage and volt-
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age drop of the driving transistor. The organic electro-lumi-
nescent display apparatus divides and drives an initialization
time, thereby improving a contrast ratio. Moreover, the
organic electro-luminescent display apparatus reduces or
5 minimizes the change of a current due to a leakage current by
correcting the leakage current corresponding to a data voltage
with a fixed power source, thereby improving crosstalk. The
organic electro-luminescent display apparatus adjusts the
duty of the emission control signal, thereby removing or
10 reducing motion blur.

While aspects of the present invention have been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those skilled in
the art that various changes in form and details may be made

15 therein without departing from the spirit and scope of the
appended claims, and equivalents thereof. The exemplary
embodiments should be considered in descriptive sense only
and not for purposes of limitation.

20 What is claimed is:

1. A pixel circuit for driving a light emitting device com-
prising a first electrode and a second electrode, the pixel
circuit comprising:

a driving transistor comprising a gate electrode, a first

25 electrode, and a second electrode, the gate electrode of
thedriving transistor being coupled to a second node, the
driving transistor being configured to output a driving
current corresponding to a data signal;

a second transistor configured to electrically couple the

30 gate electrode and the second electrode of the driving
transistor to each other in response to a current scan
signal applied to a gate electrode of the second transis-
tor;

a third transistor comprising a first electrode configured to

35 receive the data signal, the third transistor being config-
ured to transfer the data signal to a first node in response
to the current scan signal,

a fourth transistor comprising a first electrode coupled to a

first power source, the fourth transistor being configured

40 to transfer a voltage from the first power source to the
first node in response to a next emission control signal;

a fifth transistor coupled in series between the second elec-

trode of the driving transistor and the first electrode of
the light emitting device, and configured to transfer the

45 driving current from the driving transistor to the first
electrode of the light emitting device in response to a
current emission control signal;

a sixth transistor configured to transfer an initialization

voltage to the second node in response to a previous scan

50 signal; and

a first capacitor comprising a first electrode coupled to the

first node and a second electrode coupled to the second
node,

wherein, during an initialization period, the third transistor

55 and the second transistor are configured to be off and the
fourth transistor and the sixth transistor are configured to
be on to initialize the first node and the second node,
respectively, and

wherein, during an emission period, the fifth transistor is

60 configured to be on to transfer the driving current to the
light emitting device and the fourth transistor is config-
ured to be on to transfer the voltage from the first power
source to the first node.

2. The pixel circuit of claim 1, wherein the light emitting

65 device comprises an organic light emitting diode (OLED).

3. The pixel circuit of claim 1, wherein the second transis-

tor comprises a first electrode coupled to the gate electrode of
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the driving transistor, and a second electrode coupled to the
second electrode of the driving transistor.

4. The pixel circuit of claim 1, wherein the second elec-
trode of the light emitting device is coupled to a third power
source.

5. The pixel circuit of claim 4, wherein the initialization
voltage has substantially the same voltage level as a voltage of
the third power source.

6. The pixel circuit of claim 1, further comprising a second
capacitor comprising a first electrode coupled to the second
electrode of the first capacitor, and a second electrode coupled
to a second power source.

7. The pixel circuit of claim 1, further comprising a second
capacitor comprising a first electrode coupled to the first
electrode of the first capacitor, and a second electrode coupled
to a second power source.

8. The pixel circuit of claim 1, wherein:

the first electrode of the driving transistor comprises a

source electrode, and

the second electrode of the driving transistor comprises a

drain electrode.

9. The pixel circuit of claim 1, wherein the previous and
current scan signals, and the current and next emission con-
trol signals are configured to be driven during a first time
period, a second time period, a third time period, and a fourth
time period, wherein:

during the first time period, the previous scan signal and the

next emission control signal have a first level, and the

current scan signal and the current emission control
signal have a second level,

during the second time period, the data signal is effective

for the pixel circuit, the current scan signal has the first

level, and the previous scan signal and the current and
next emission control signals have the second level,

during the third time period, the previous and current scan
signals and the next emission control signal have the
second level, and the current emission control signal has
the first level,

during the fourth time period, the previous and current scan

signals have the second level, and the current and next

emission control signals have the first level; and

the first level is a level at which the driving transistor and

the second to sixth transistors are turned on, and the

second level is a level at which the driving transistor and
the second to sixth transistors are turned off.

10. An organic electro-luminescent display apparatus com-
prising:

a plurality of pixels;

ascandriver configured to output previous and current scan

signals, and current and next emission control signals to

each of the pixels; and

adata driver configured to generate and output data signals

to the pixels,

wherein each of the pixels comprises:

an organic light emitting diode (OLED) comprising first
and second electrodes;

a driving transistor comprising a gate electrode, a first
electrode, and a second electrode, and configured to
output a driving current corresponding to one of the
data signals;

a second transistor configured to electrically couple the
gate electrode and the second electrode of the driving
transistor to each other in response to a respective one
of the current scan signals applied to a gate electrode
of the second transistor;

a third transistor comprising a first electrode configured
to receive a respective one of the data signals, the third
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transistor being configured to transfer the respective
one of the data signals to a second electrode of the
third transistor in response to the respective one of the
current scan signals;

afourth transistor comprising a first electrode coupled to
a first power source, the fourth transistor being con-
figured to transfer a voltage from the first power
source to the second electrode of the third transistor in
response to a respective one of the next emission
control signals;

a fifth transistor coupled in series between the second
electrode of the driving transistor and the first elec-
trode of the OLED, and configured to transfer the
driving current from the driving transistor to the first
electrode of the OLED in response to a respective one
of the current emission control signals;

a sixth transistor configured to transfer an initialization
voltage to the gate electrode of the driving transistor
in response to a respective one of the previous scan
signals; and

a first capacitor comprising a first electrode coupled to
the second electrode of the third transistor and a sec-
ond electrode of the fourth transistor, and a second
electrode coupled to the gate electrode of the driving
transistor,

wherein, during an initialization period, the third tran-
sistor and the second transistor are configured to be
offand the fourth transistor and the sixth transistor are
configured to be on to initialize the first electrode and
the second electrode of the first capacitor, respec-
tively, and

wherein, during an emission period, the fifth transistor is
configured to be on to transfer the driving current to
the light emitting device and the fourth transistor is
configured to be on to transfer the voltage from the
first power source to the first electrode of the first
capacitor.

11. The apparatus of claim 10, wherein the second transis-
tor comprises a first electrode coupled to the gate electrode of
the driving transistor, and a second electrode coupled to the
second electrode of the driving transistor.

12. The apparatus of claim 10, wherein the second elec-
trode of the OLED is coupled to a third power source.

13. The apparatus of claim 12, wherein the initialization
voltage has substantially the same voltage level as a voltage of
the third power source.

14. The apparatus of claim 10, further comprising a second
capacitor comprising a first electrode coupled to the second
electrode of the first capacitor, and a second electrode coupled
to a second power source.

15. The apparatus of claim 10, further comprising a second
capacitor comprising a first electrode coupled to the first
electrode of the first capacitor, and a second electrode coupled
to a second power source.

16. The apparatus of claim 10, wherein:

the first electrode of the driving transistor comprises a

source electrode, and

the second electrode of the driving transistor comprises a

drain electrode.

17. The apparatus of claim 10, wherein the scan driver is
configured to be driven during a first time period, a second
time period, a third time period, and a fourth time period,
wherein:

during the first time period, the respective ones of the

previous scan signals and the next emission control sig-

nals have a first level, and the respective ones of the



US 8,797,314 B2

17

current scan signals and the current emission control
signals have a second level,

during the second time period, the respective one of the
data signals is effective for the respective one of the
pixels, the respective one of the current scan signals has
afirst level, and the respective ones of the previous scan
signals and the current and next emission control signals
have the second level,

during the third time period, the respective ones of the
previous and current scan signals and the next emission
control signals have the second level, and the respective
one of the current emission control signals has the first
level,

during the fourth time period, the respective ones of the
previous and current scan signals have the second level,
and the respective ones of the current and next emission
control signals have the first level, and

the first level is a level at which the driving transistor and
the second to sixth transistors are turned on, and the
second level is a level at which the driving transistor and
the second to sixth transistors are turned off.
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