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PIXEL CIRCUIT, ORGANIC
ELECTRO-LUMINESCENT DISPLAY
APPARATUS USING THE PIXEL CIRCUIT
AND METHOD OF DRIVING THE
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0095172, filed on
Oct. 7, 2009, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] Aspects of one or more embodiments of the present
invention relate to a pixel circuit, an organic electrolumines-
cent display apparatus using the pixel circuit, and a method of
driving the organic electroluminescent display apparatus.
[0004] 2. Description of the Related Art

[0005] Display apparatuses apply a data driving signal,
which corresponds to input data, to a plurality of pixel circuits
so as to control the luminance of each of the pixels and to
convert the input data into an image that is provided to a
viewer. The data driving signal to be output to the plurality of
pixel circuits is generated from a data driving unit. The data
driving unit selects a gamma voltage, which corresponds to
the input data, from among a plurality of gamma voltages
generated from a gamma filter circuit unit, and outputs the
selected gamma voltage as a data driving signal of the plural-
ity of pixel circuits.

SUMMARY

[0006] One or more embodiments of the present invention
provide a pixel circuit of an organic electroluminescent dis-
play apparatus including the pixel circuit and a method of
driving the organic electroluminescent display apparatus
which may solve problems where the luminance of light is
changed due to a change of a voltage level of an anode of an
organic electro-light emitting device such that image quality
is deteriorated, when N-type transistors are used to form the
organic electroluminescent display apparatus.

[0007] According to an embodiment of the present inven-
tion, there is provided a pixel circuit for driving a light emit-
ting device including a first electrode and a second electrode,
the pixel circuit including;: a driving transistor including a first
electrode and a second electrode for outputting a driving
current according to a voltage applied to a gate electrode of
the driving transistor; a second transistor for delivering a data
signal to the gate electrode of the driving transistor in
response to a scan control signal applied to a gate electrode of
the second transistor; a third transistor for diode-connecting
the driving transistor in response to the scan control signal
applied to a gate electrode of the third transistor; a fourth
transistor for applying an initialization voltage to the gate
electrode of the driving transistor in response to an initializa-
tion control signal; a fifth transistor for applying a first power
voltage to the second electrode of the driving transistor in
response to an emission control signal; a sixth transistor
coupled in series between the first electrode of the driving
transistor and the first electrode of the light emitting device
for outputting the driving current output from the driving
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transistor to the first electrode of the light emitting device in
response to the emission control signal applied to a gate
electrode of the sixth transistor; a seventh transistor for apply-
ing a reference voltage to the first electrode of the light emit-
ting device in response to the scan control signal; and a
capacitor including a first electrode and a second electrode,
wherein the first electrode is coupled to the gate electrode of
the driving transistor and the second electrode is coupled to
the first electrode of the light emitting device, wherein the
pixel circuit is configured such that the data signal is delivered
to the gate electrode of the driving transistor through the
second transistor, the driving transistor, and the third transis-
tor, and wherein the driving transistor and the second, third,
fourth, fifth, sixth, and seventh transistors are N-type transis-
tors. The light emitting device may include an organic light-
emitting diode.

[0008] The second transistor may include a first electrode
for receiving the data signal and a second electrode coupled to
the second electrode of the driving transistor, and the third
transistor may include a first electrode coupled to the gate
electrode of the driving transistor and a second electrode
coupled to the first electrode of the driving transistor.

[0009] The initialization voltage may be substantially the
same as the first power voltage.

[0010] The second transistor may include a first electrode
coupled to the data signal and a second electrode coupled to
the first electrode of the driving transistor, and the third tran-
sistor may include a first electrode coupled to the gate elec-
trode of the driving transistor and a second electrode coupled
to the second electrode of the driving transistor. The initial-
ization voltage may be the first power voltage.

[0011] The second electrode of the light emitting device
may be configured to receive a second power voltage, and the
reference voltage may be lower than a sum of the second
power voltage and a threshold voltage of the light emitting
device. Accordingly, the reference voltage is set to a voltage
level at which the light emitting device is not emitted.
[0012] The initialization control signal may be a scan con-
trol signal of a previous scan period. Also, the driving tran-
sistor and the second, third, fourth, fifth, sixth, and seventh
transistors may be N-type metal-oxide semiconductor field
effect transistors.

[0013] 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.

[0014] The pixel circuit may be configured such that: dur-
ing a first time duration, when the initialization control signal
may be at a first level, the scan control signal and the emission
control signal may be at a second level; during a second time
duration, when the data signal has a valid level, the initializa-
tion control signal and the emission control signal may be at
the second level, and the scan control signal may be at the first
level; and during a third time duration, when the initialization
control signal and the scan control signal may be at the second
level, the emission control signal may be at the first level, and
wherein the first level may be a level at which the driving
transistor and the second, third, fourth, fifth, sixth, and sev-
enth transistors are turned on, and the second level may be a
level at which the driving transistor and the second, third,
fourth, fifth, sixth. and seventh transistors are turned off.
[0015] According to another embodiment of the present
invention, there is provided an organic electroluminescent
display apparatus including: a pixel array including a plural-
ity of pixels; a scan driver configured to output an initializa-
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tion control signal, a scan control signal, and an emission
control signal to the plurality of pixels; and a data driver
configured to generate a data signal and output the data signal
to the plurality of pixels, wherein each of the plurality of
pixels includes: an organic light-emitting diode (OLED)
including a first electrode and a second electrode; a driving
transistor including a first electrode and a second electrode
for outputting a driving current according to a voltage applied
to a gate electrode ofthe driving transistor; a second transistor
for delivering a data signal to the gate electrode of the driving
transistor in response to a scan control signal applied to a gate
electrode of the second transistor; a third transistor for diode-
connecting the driving transistor in response to the scan con-
trol signal applied to a gate electrode of the third transistor; a
fourth transistor for applying an initialization voltage to the
gate electrode of the driving transistor in response to an
initialization control signal; a fifth transistor for applying a
first power voltage to the second electrode of the driving
transistor in response to an emission control signal; a sixth
transistor coupled in series between the first electrode of the
driving transistor and the first electrode of the OLED for
outputting the driving current output from the driving tran-
sistor to the first electrode of the OLED in response to the
emission control signal applied to a gate electrode of the sixth
transistor; a seventh transistor for applying a reference volt-
age to the first electrode of the OLED in response to the scan
control signal; and a capacitor including a first electrode and
a second electrode, wherein the first electrode is coupled to
the gate electrode of the driving transistor and the second,
electrode is coupled to the first electrode of the OLED,
wherein the second transistor is configured to deliver the data
signal to the gate electrode of the driving transistor through
the second transistor, the driving transistor, and the third
transistor, and wherein the driving transistor and the second,
third, fourth, fifth, sixth, and seventh transistors are N-type
transistors.

[0016] According to another embodiment of the present
invention, there is provided a method of driving an organic
electroluminescent display apparatus including a pixel array
including a plurality of pixels, wherein each of the plurality of
pixels includes an organic light-emitting diode (OLED) and a
pixel circuit including N-type transistors and a capacitor
coupled between a gate electrode of a driving transistor and
an anode of the OLED, the method including: initializing the
gate electrode of the driving transistor to an initialization
voltage; initializing the anode of the OLED to a reference
voltage; charging the capacitor to a voltage level correspond-
ing to a sum of athreshold voltage of the driving transistor and
a data signal by diode-connecting the driving transistor and
applying the data signal to the gate electrode of the driving
transistor; and outputting a driving current from the driving
transistor to the anode of the OLED according to the voltage
level charged to the capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] 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:

[0018] FIG. 1 is a diagram for explaining a luminescence
principle of an organic electro-light emitting device;

[0019] FIG. 2 is a diagram of a pixel circuit including
N-type transistors;
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[0020] FIG. 3isadiagram of an organic electroluminescent
display apparatus according to an embodiment of the present
invention;

[0021] FIG. 4is a diagram of a pixel circuit according to an
embodiment of the present invention;

[0022] FIG. 5 is a timing diagram of driving signals,
according to an embodiment of the present invention;

[0023] FIG. 6A is a diagram for illustrating an operation of
a pixel circuit in a first time duration A,

[0024] FIG. 6B is a diagram for illustrating an operation of
a pixel circuit in a second time duration B;

[0025] FIG. 6C is a diagram for illustrating an operation of
a pixel circuit in a third time duration C;

[0026] FIG. 7 is a diagram of a pixel circuit according to
another embodiment of the present invention;

[0027] FIG. 8 is a diagram of a pixel circuit according to
another embodiment of the present invention;

[0028] FIG. 9 is a diagram of a pixel circuit according to
another embodiment of the present invention; and

[0029] FIG. 10 is a flowchart for illustrating a method of
driving an organic electroluminescent display apparatus,
according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0030] Hereinafter, embodiments of the present invention
will be described more fully with reference to the accompa-
nying drawings. The detailed description and the drawings
are provided for understanding aspects of the present inven-
tion, and the detailed descriptions of well-known technolo-
gies may be omitted. In addition, the specification and the
drawings are not provided to limit the scope of the present
invention. The terms and terminologies used herein are for the
purpose of describing exemplary embodiments.

[0031] Unless specified otherwise, transistors described in
the specification are N-type transistors, and may be, for
example, N-type metal oxide semiconductor field effect tran-
sistors (MOSFETs) according to one embodiment.

[0032] FIG. 1is a diagram for illustrating a luminescence
principle of an organic electro-light emitting device.

[0033] An organic electroluminescent display apparatus
electrically excites fluorescent organic compounds to emit
light. In the organic electroluminescent display apparatus,
organic electro-light emitting devices arranged in a matrix are
voltage- or current-driven so as to display an image. The
organic electro-light emitting devices have characteristics of
a diode and thus are called organic light emitting diodes
(OLEDs).

[0034] An OLED has a structure in which an anode (e.g.,
indium tin oxide (ITO)), an organic thin film, and a cathode
(e.g., metal) are stacked together. Inorder to balance electrons
and holes and thus improve luminance efficiency, the organic
thin film includes an emitting layer (EML), an electron trans-
port layer (ETL), and a hole transport layer (HTL). The
organic thin film may further include a hole injection layer
(HIL) or an electron injection layer (EIL).

[0035] A process for forming an amorphous silicon (a-Si)
transistor may be performed with lower cost than a process
for forming a poly-Si transistor. However, according to a
characteristic of the a-Si transistor, typically, only N-type
metal oxide semiconductor transistors may be used to form a
pixel circuit. Also, according to a characteristic of an oxide
thin-film transistor (TFT), typically, only N-type transistors
may be used to form a pixel circuit.
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[0036] FIG. 2 is a diagram of a pixel circuit 210 including
N-type transistors.

[0037] An organic electroluminescent display apparatus
includes a plurality of pixels 200 each including an OLED
and the pixel circuit 210. The OLED receives driving current
1oz epthat is output from the pixel circuit 210 and emits light.
The luminance of light emitted from the OLED varies accord-
ing to amplitude of the driving current I, .

[0038] In one embodiment, the pixel circuit 210 includes a
capacitor Cl1, a driving transistor M1, and a second transistor
M2.

[0039] When a scan control signal Sn is applied to a gate
electrode of the second transistor M2, a data signal Dm is
applied to a gate electrode of the driving transistor M1 and a
first electrode of the capacitor C1 through the second transis-
tor M2. While the data signal Dm is applied, a voltage level
corresponding to that of the data signal Dm is charged
between the terminals of the capacitor C1. According to the
level of the data signal Dm, the driving transistor M1 gener-
ates the driving current I ,; .., and outputs the generated driv-
ing current I ; 5, to an anode of the OLED.

[0040] The OLED receives the driving current I, 5, from
the pixel circuit 210 and emits light having luminance corre-
sponding to the data signal Dm.

[0041] The driving current 1, -, output from the driving
transistor M1 is determined according to Equation 1.

Iozp=k(Vgs-Vihy

[0042] Here, k is a constant, Vgs is a voltage between the
gate electrode and a source electrode of the driving transistor
M1, and Vth is a threshold voltage of the driving transistor
M1. When a pixel circuit is formed by N-type transistors, a
voltage level of the source electrode of the driving transistor
M1 is determined by a voltage level of the anode of the
OLED.

[0043] Vgs of the driving transistor M1 in the pixel circuit
illustrated in FIG. 2 is given by Equation 2.

Equation 1

V@s=V jara=(ELVSS+Vorep)

[0044] Here, Vdata is a voltage level of the data signal Dm,
and V ,; zrp 1s a voltage between the electrodes of the OLED.
As illustrated in Equation 2, Vgs of the driving transistor M1
is affected by a cathode power voltage ELVSS and V 5, . In
the case of a large-sized display apparatus, the value of Vgs
varies due to an IR voltage drop by a parasitic resistance
component of a wiring, which delivers the cathode power
voltage FLVSS, and a voltage drop due to a current flowing
into each pixel while the cathode power voltage ELVSS is
delivered to each pixel. In addition, V 5 o, changes while the
pixel is driven, and V ,, .-, changes according to a change of
a threshold voltage of the OLED due to degradation of the
OLED.

[0045] When a voltage level of the gate electrode of the
driving transistor M1 increases, the driving current I, -,
increases and thereby the voltage V ; ., applied between the
terminals of the OLED increases. However, when the voltage
Vorep Increases, a voltage of the source electrode of the
driving transistor M1 increases and thereby Vgs decreases, as
illustrated in Equation 2. Accordingly, in order to generate
light having desired luminance, the data voltage Vdata should
increase in the above described example.

[0046] In the pixel circuit formed by N-type transistors, a
voltage of the source electrode of the driving transistor M1 is
unstable (e.g., varies) so that a luminance of a displayed
image is changed and quality thereof is deteriorated.

Equation 2
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[0047] According to embodiments of the present invention,
apixel circuit formed with N-type transistors may resolve the
above described problems. Transistors included in pixel cir-
cuits, according to embodiments of the present invention that
are described below, are N-type transistors.
[0048] FIG. 31isadiagram of an organic electroluminescent
display apparatus according to an embodiment of the present
invention.
[0049] The organic electroluminescent display apparatus
according to one embodiment includes a controller 310, a
data driving unit 320 (e.g., a data driver), a scan driving unit
330 (e.g., a scan driver), and a pixel array 340.
[0050] The controller 310 generates RGB data and a data
driving unit control signal DCS and outputs the generated
RGB data and data driving unit control signal DCS to the data
driving unit 320. Also, the controller 310 generates a scan
driving unit control signal SCS and outputs the generated
scan driving unit control signal SCS to the scan driving unit
330.
[0051] The data driving unit 320 generates the data signals
D1...Dm from the RGB data and outputs the generated data
signals D1...Dmtopixels P, ... P, of the pixel array 340,
where N and M are natural numbers. The data driving unit 320
may generate the data signals D1 . . . Dm from the RGB data
by using a gamma filter and a digital-to-analog conversion
circuit. During a single scanning period, each of the data
signals D1 . . . Dm may be concurrently output to pixels P,
. Pyas of the pixel array 340 located at the same row. In
addition, each of a plurality of data lines which delivers the
data signals D1 . . . Dm may be commonly connected to the
pixels P, ... Py, of the pixel array 340 located at the same
column.
[0052] The scan driving unit 330 generates scan control
signals 80 ... Sn and emission control signals E0 . . . En from
the scan driving unit control signal SCS and outputs the
generated scan control signals S0 . . . Sn and emission control
signals EO . . . En to the pixels P, | . .. Py, of the pixel array
340. Each of a plurality of scan control signal lines which
deliver the scan control signals SO . . . Sn and each of a
plurality of emission control signal lines which deliver the
emission control signals E0 . . . En may be commonly con-
nected to the pixels P, . . . Py, 0f the pixel array 340 located
at the same row. The scan control signals S0 . . . Sn and the

emission control signals E0 . . . En may sequentially drive
each row.
[0053] The scan driving unit 330 according to one embodi-

ment may further output initialization control signals in order
to initiate a voltage of the gate electrode of the driving tran-
sistor of each of the pixels P, . . . P, 0f the pixel array 340.
Each of the initialization control signals is output commonly
to the pixels Py, . . . Py, 0f the pixel array 340 located at the
same row and sequentially drives each row. Each of the ini-
tialization control signals is applied before a corresponding
one of the scan control signals S0. .. Sn is applied. According
to one embodiment, the initialization control signal may be a
scan control signal Sn-1 of a previous row, as illustrated in
FIG. 3. Accordingly, before a scan control signal S1 for the
first row is applied, the scan driving unit 330 may further
output an additional scan control signal SO as an initialization
control signal for the first row.

[0054] Asillustrated in FIG. 3, the pixels P, ... Py, ,0f the
pixel array 340 may be arranged in an NxM matrix. The
plurality of pixels P, | ... P, 0f the pixel array 340 may each
include an OLED and a pixel circuit for driving the OLED. An
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anode power voltage ELVDD, an initialization voltage Vinit,
a reference voltage Vref, and the cathode power voltage
ELVSS may be applied to each of the pixels P, ... Py, ,0fthe
pixel array 340. According to one embodiment, the anode
power voltage ELVDD may be used as the initialization volt-
age Vinit instead of applying the initialization voltage Vinit
separately to each of the pixels P, . .. Py,,. In one embodi-
ment, the initialization voltage Vinit is not provided to the
pixels P,, ... P,, of the pixel array 340.

[0055] FIG.41sadiagram ofa pixel circuit 410 A according
to an embodiment of the present invention.

[0056] A pixel Pnm located at the row n and the column m
includes the pixel circuit 410A and an OLED. The pixel
circuit 410A receives the data signal Dm from the data driving
unit 320 through a data line and outputs the driving current
Loz ep according to the data signal Dm to the OLED. The
OLED emits light having luminance corresponding to the
amplitude of the driving current 1 ; zp.

[0057] The pixel circuit 410A according to one embodi-
ment includes a driving transistor T1, second, third, fourth,
fifth, sixth, and seventh transistors T2, T3, T4, T5,T6, and T7,
and a capacitor C1.

[0058] The third transistor T3 includes a first electrode
connected to the gate electrode of the driving transistor T1, a
second electrode connected to the source electrode of the
driving transistor T1, and a gate electrode connected to the
scan control signal Sn. The gate electrode and source elec-
trode of the driving transistor T1 are electrically connected to
each other through the third transistor T3. The third transistor
T3 electrically connects the gate electrode of the driving
transistor T1 and the source electrode of the driving transistor
T1 in response to the scan control signal Sn and thus diode-
connects the driving transistor T1. Here, “diode-connect”
denotes that a gate electrode and a source electrode of a
transistor or a gate electrode and a drain electrode are con-
nected to each other so that the transistor acts as a diode.
[0059] The fifth transistor T5 includes a first electrode con-
nected to the anode power voltage ELVDD, a second elec-
trode connected to a drain electrode of the driving transistor
T1, and a gate electrode connected to the emission control
signal En. The sixth transistor T6 includes a first electrode
connected to the source electrode of the driving transistor T1,
a second electrode connected to an anode of the OLED, and a
gate electrode connected to the emission control signal En.
When the emission control signal En is applied at a first level
(e.g., a logic-high signal), which may turn on the driving
transistor T1 and the second through seventh transistors T2
through T7, the drain electrode of the driving transistor T1 is
connected to the anode power voltage ELVDD through the
fifth transistor T5, and the source electrode of the driving
transistor T1 is connected to the anode of the OLED through
the sixth transistor T6.

[0060] The second transistor T2 includes a first electrode
connected to a data line, a second electrode connected to the
drain electrode of the driving transistor T1, and a gate elec-
trode connected to the scan control signal Sn.

[0061] The capacitor C1 includes a first electrode con-
nected to the gate electrode of the driving transistor T1 and a
second electrode connected to the anode of the OLED.
[0062] The fourth transistor T4 includes a first electrode
connected to the gate electrode of the driving transistor T1, a
second electrode connected to the initialization voltage Vinit,
and a gate electrode connected to the initialization control
signal (e.g., Sn-1). In one embodiment, when the initializa-
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tion control signal Sn—1 is applied at a high level, the fourth
transistor T4 applies the initialization voltage Vinit to the gate
electrode of the driving transistor T1 and the first electrode of
the capacitor C1.

[0063] The seventh transistor T7 includes a first electrode
connected to the reference voltage Vref, a second electrode
connected to the anode of the OLED, and a gate electrode
connected to the scan control signal Sn. In one embodiment,
when the scan control signal Sn is applied at a high level, the
seventh transistor T7 applies the reference voltage Vrefto the
anode of the OLED.

[0064] FIG. 5 is a timing diagram of driving signals,
according to an embodiment of the present invention.
[0065] Before a first time duration A, the driving current
lozep according to the data signal Dm of a previous frame
flows through the OLED as illustrated in FIG. 6C, and thus
the OLED emits light.

[0066] During the first time duration A, the initialization
control signal Sn-1 is at a first level (e.g., a logic high level),
and the scan control signal Sn and the emission control signal
Enare ata second level (e.g., alogic low level). Here, the first
level is the level when the driving transistor T1 and the second
through seventh transistors T2 . . . T7 are turned on, and the
second level is the level when the driving transistor T1 and the
second through seventh transistors T2 . . . T7 are turned off.
[0067] FIG. 6A illustrates an operation of the pixel circuit
410A in the first time duration A.

[0068] During the first time duration A, the scan control
signal Sn and the emission control signal En are at the second
level, and thus the second transistor T2, the third transistor T3,
and the fifth through seventh transistors T5 . . . T7 are turned
off. The fourth transistor T4 is turned on in response to the
initialization control signal Sn-1 at the first level, and thus the
initialization voltage Vinit is applied to a node N1. Due to the
initialization voltage Vinit, the gate electrode of the driving
transistor T1 and the first electrode of the capacitor C1 are
initiated to the initialization voltage Vinit.

[0069] Next, during a second time duration B, the initial-
ization control signal Sn-1 is changed to the second level, the
scan control signal Sn is changed to the first level, and the
emission control signal En remains in the second level.
[0070] FIG. 6B illustrates an operation of the pixel circuit
410A in the second time duration B.

[0071] Since the initialization control signal Sn-1 is
changed to the second level during the second time duration
B, the fourth transistor T4 is turned off. Also, since the scan
control signal Sn is changed to the first level, the second and
third transistors T2 and T3 are turned on, and as illustrated in
FIG. 6B, the data signal Dm is applied to the gate electrode of
the driving transistor T1 and the first electrode of the capacitor
C1 through the second transistor T2, the driving transistor T1,
and the third transistor T3 connected in series in this order.
Here, the driving transistor T1 is diode-connected by the third
transistor T3, and thus a voltage as much as the threshold
voltage Vth of the driving transistor T1 is applied between the
first electrode and the second electrode of the third transistor
T3. Accordingly, a voltage Vdata+Vth is applied to the node
N1. In addition, in the second time duration B, the seventh
transistor T7 is turned on by the scan control signal Sn.
Accordingly, the reference voltage Vref is applied to a node
N2. Thus, during the second time duration B, a voltage
(Vdata+Vth)-Vref is stored in the capacitor C1.

[0072] The reference voltage Vref has a voltage level at
which the OLED is not turned on. Accordingly, the reference
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voltage Vref has a voltage level that is lower than the sum of
the cathode power voltage ELVSS and the threshold voltage
of the OLED.

[0073] Then, in a third time duration C, the scan control
signal Sn is changed to the second level and the emission
control signal En is changed to the first level. The initializa-
tion control signal Sn-1 remains in the second level.

[0074] FIG. 6C illustrates an operation of the pixel circuit
410A in the third time duration C.

[0075] During the third time duration C, the scan control
signal Sn is changed to the second level, and thereby the
second transistor T2, the third transistor T3, and the seventh
transistor T7 are turned off. Also, the emission control signal
En is changed to the first level, and thereby the fifth and sixth
transistors T5 and T6 are turned on. Accordingly, the driving
current 1, -, according to the level of the voltage stored in
the capacitor C1 is generated by the driving transistor T1. The
driving current I ,; -, flows through the fifth transistor TS, the
driving transistor T1, and the sixth transistor T6, and it is input
to the anode of the OLED. Here, a voltage of the source
electrode of the driving transistor T1 is the same as the voltage
of the anode of the OLED, wherein the voltage of the anode of
the OLED is ELVSS+V ;. Here, V18 a voltage
applied between the terminals of the OLED. A voltage of the
gate electrode of the driving transistor T1 is changed, as given
by Equation 3, by coupling through the capacitor C1.

Ve=(Vdata+Vth)~Viet+(ELVSS+Vorzm)

[0076] Accordingly, during the third time duration C, Vgs
of the driving transistor T1 is given by Equation 4.

Equation 3

Vgs=Vg-Vs
= [(Vdata+ Vih) = Vref + (ELVSS + Vorrp)] =
(ELVSS + Vorep)
= Vdata+ Vih— Vref

Equation 4

[0077] The driving current I, -, determined by Vgs is
determined according to Equation 5.
Tozep=k(Vgs=Vih?=k(Vdata+ Vih=Vref)=Vih > =k
{Vdata=Vref)?
[0078] Accordingly, the driving current I ., -, output from
the pixel circuit 410A according to the above-described
embodiment is determined regardless of the voltage of the
anode of the OLED, the cathode power voltage ELVSS, and
the threshold voltage Vth of the driving transistor T1. Thus, in
embodiments of the present invention, the problems that the
amplitude of the driving current [, -, is changed due to the
voltage of the anode of the OLED and thus the voltage of the
data signal Dm should be increased or image quality is dete-
riorated can be resolved. In addition, image quality may not
be deteriorated by a change of the cathode power voltage
ELVSS.
[0079] Moreover, in embodiments of the present invention,
since the data signal Dm is input through the driving transistor
T1 and the third transistor T3 couples the driving transistor T1
as diode-connected, the threshold voltage Vth of the driving
transistor T1 and the data signal Dm are stored using one
capacitor C1 at the same time.
[0080] FIG.7isadiagramofa pixel circuit410B according
to another embodiment of the present invention.
[0081] According to one embodiment, the anode power
voltage ELVDD may be used as the initialization voltage

Equation 5
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Vinit, instead of applying the initialization voltage Vinit sepa-
rately. Thus, according to one embodiment, the second elec-
trode of the fourth transistor T4 is connected to the anode
power voltage ELVDD.

[0082] FIG. 8isadiagram of a pixel circuit 410C according
to another embodiment of the present invention.

[0083] According to one embodiment, an arrangement of
the second transistor T2 and the third transistor T3 is changed.
In one embodiment, the second electrode of the second tran-
sistor T2 is connected to the source electrode of the driving
transistor T1, and the second electrode of the third transistor
T3 is connected to the drain electrode of the driving transistor
T1.

[0084] FIG.9isadiagram of a pixel circuit 410D according
to another embodiment of the present invention.

[0085] According to one embodiment, the second electrode
of the second transistor T2 is connected to the source elec-
trode of the driving transistor T1, and the second electrode of
the third transistor T3 is connected to the drain electrode of
the driving transistor T1. Also, the anode power voltage
ELVDD is used as an initialization voltage instead of apply-
ing the initialization voltage Vinit separately. Accordingly,
the second electrode ofthe fourth transistor T4 is connected to
the anode power voltage ELVDD.

[0086] FIG. 10 is a flowchart illustrating a method of driv-
ing an organic electroluminescent display apparatus, accord-
ing to an embodiment of the present invention.

[0087] The method of driving the organic electrolumines-
cent display apparatus, according to one embodiment of the
present invention, is described with reference to the timing
diagram illustrated in FIG. 5.

[0088] During the first time duration A, the gate electrode
of the driving transistor T1 is initiated to the initialization
voltage Vinit in response to the initialization control signal
Sn-1, in operation S102. According to one embodiment, the
initialization voltage Vinit may be the anode power voltage
ELVDD.

[0089] Then, during the second time duration B, the anode
of the OLED is initiated to the reference voltage Vref in
response to the scan control signal Sn, in operation S104. The
reference voltage has a voltagelevel at which the OLED is not
turned on, and is lower than the sum of the cathode power
voltage ELVSS and the threshold voltage of the OLED. Also,
during the second time duration B, the capacitor C1 is charged
to a level of the voltage Vdata+Vth by using the data signal
Dm applied through the second transistor T2, the driving
transistor T1, and the third transistor T3 in response to the
scan control signal Sn, in operation S106. The data signal Dm
is at a level of the voltage Vdata, and the driving transistor T1
is diode-connected by the third transistor T3 so that a voltage
difference between the gate electrode and the source elec-
trode (or drain electrode) of the driving transistor T1 becomes
the voltage Vth. Accordingly, the capacitor C1 is charged toa
level of the voltage Vdata+Vth. Operations S104 and S106
may be simultaneously or concurrently performed or sequen-
tially performed in some embodiments.

[0090] Next, during the third time duration C, the driving
current I, ., is output to the anode of the OLED, in operation
S108. The amplitude of the driving current 1, -, is deter-
mined according to the voltage level Vdata of the data signal
Dm as illustrated in FIG. 5, and the OLED emits light having
luminance according to the amplitude of the driving current

IOLED'
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[0091] According to the embodiments of the present inven-
tion, the driving current output to the organic electro-light
emitting device is determined regardless of the voltage of the
anode of the organic electro-light emitting device. Thus,
when N-type transistors are used to realize the organic elec-
tro-light emitting device, a problem in which the luminance
of light is changed by a change of the Vgs of the driving
transistor due to a change of the voltage of the anode in the
organic electro-light emitting device may be prevented. In
addition, the driving current is determined regardless of the
cathode driving voltage so that the luminance of light may not
be affected by a change of the cathode driving voltage, and
image quality may not be deteriorated.

[0092] While aspects of the present invention has been
particularly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
nary skill in the art that various changes in form and details
may be made therein without departing from the spirit and
scope of the present invention as defined by the following
claims and their equivalents.

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 first electrode and a sec-
ond electrode for outputting a driving current according
to a voltage applied to a gate electrode of the driving
transistor;

a second transistor for delivering a data signal to the gate
electrode of the driving transistor in response to a scan
control signal applied to a gate electrode of the second
transistor;

a third transistor for diode-connecting the driving transis-
tor in response to the scan control signal applied to a gate
electrode of the third transistor;

a fourth transistor for applying an initialization voltage to
the gate electrode of the driving transistor in response to
an initialization control signal;

a fifth transistor for applying a first power voltage to the
second electrode of the driving transistor in response to
an emission control signal;

a sixth transistor coupled in series between the first elec-
trode of the driving transistor and the first electrode of
the light emitting device for outputting the driving cur-
rent output from the driving transistor to the first elec-
trode of the light emitting device in response to the
emission control signal applied to a gate electrode of the
sixth transistor;

a seventh transistor for applying a reference voltage to the
first electrode of the light emitting device in response to
the scan control signal; and

a capacitor comprising a first electrode and a second elec-
trode, wherein the first electrode is coupled to the gate
electrode of the driving transistor and the second elec-
trode is coupled to the first electrode of the light emitting
device,

wherein the pixel circuit is configured such that the data
signal is delivered to the gate electrode of the driving
transistor through the second transistor, the driving tran-
sistor, and the third transistor, and

wherein the driving transistor and the second, third, fourth,
fifth, sixth, and seventh transistors are N-type transis-
tors.
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2. The pixel circuit of claim 1, wherein the light emitting
device comprises an organic light-emitting diode.

3. The pixel circuit of claim 1, wherein the second transis-
tor comprises a first electrode for receiving the data signal and
a second electrode coupled to the second electrode of the
driving transistor, and the third transistor comprises a first
electrode coupled to the gate electrode of the driving transis-
tor and a second electrode coupled to the first electrode of the
driving transistor.

4. The pixel circuit of claim 3, wherein the initialization
voltage is substantially the same as the first power voltage.

5. The pixel circuit of claim 1, wherein the second transis-
tor comprises a first electrode coupled to the data signal and a
second electrode coupled to the first electrode of the driving
transistor, and the third transistor comprises a first electrode
coupled to the gate electrode of the driving transistor and a
second electrode coupled to the second electrode of the driv-
ing transistor.

6. The pixel circuit of claim 5, wherein the initialization
voltage is the first power voltage.

7. The pixel circuit of claim 1, wherein the second elec-
trode of the light emitting device is configured to receive a
second power voltage, and the reference voltage is lower than
a sum of the second power voltage and a threshold voltage of
the light emitting device.

8. The pixel circuit of claim 1, wherein the initialization
control signal is a scan control signal of a previous scan
period.

9. The pixel circuit of claim 1, wherein the driving transis-
tor and the second, third, fourth, fifth, sixth, and seventh
transistors are N-type metal-oxide semiconductor field effect
transistors.

10. The pixel circuit of claim 1, wherein the first electrode
of the driving transistor is a source electrode, and the second
electrode of the driving transistor is a drain electrode.

11. The pixel circuit of claim 1, wherein the pixel circuit is
configured such that:

during a first time duration, when the initialization control
signal is at a first level, the scan control signal and the
emission control signal are at a second level,

during a second time duration, when the data signal has a
valid level, the initialization control signal and the emis-
sion control signal are at the second level, and the scan
control signal is at the first level; and

during a third time duration, when the initialization control
signal and the scan control signal are at the second level,
the emission control signal is at the first level, and

wherein the first level is a level at which the driving tran-
sistor and the second, third, fourth, fifth, sixth, and sev-
enth transistors are turned on, and the second level is a
level at which the driving transistor and the second,
third, fourth, fifth, sixth, and seventh transistors are
turned off.

12. An organic electroluminescent display apparatus com-

prising:

a pixel array comprising a plurality of pixels;

a scan driver configured to output an initialization control
signal, a scan control signal, and an emission control
signal to the plurality of pixels; and

adatadriver configured to generate a data signal and output
the data signal to the plurality of pixels,

wherein each of the plurality of pixels comprises:
an organic light-emitting diode (OLED) comprising a

first electrode and a second electrode;
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a driving transistor comprising a first electrode and a
second electrode for outputting a driving current
according to a voltage applied to a gate electrode of
the driving transistor;

asecond transistor for delivering a data signal to the gate
electrode of the driving transistor inresponse to a scan
control signal applied to a gate electrode of the second
transistor;

a third transistor for diode-connecting the driving tran-
sistor in response to the scan control signal applied to
a gate electrode of the third transistor;

a fourth transistor for applying an initialization voltage
to the gate electrode of the driving transistor in
response to an initialization control signal;

a fifth transistor for applying a first power voltage to the
second electrode of the driving transistor in response
to an emission control signal;

a sixth transistor coupled in series between the first
electrode of the driving transistor and the first elec-
trode of the OLED for outputting the driving current
output from the driving transistor to the first electrode
of the OLED in response to the emission control sig-
nal applied to a gate electrode of the sixth transistor;

a seventh transistor for applying a reference voltage to
the first electrode of the OLED in response to the scan
control signal; and

a capacitor comprising a first electrode and a second
electrode, wherein the first electrode is coupled to the
gate electrode of the driving transistor and the second
electrode is coupled to the first electrode of the
OLED,

wherein the second transistor is configured to deliver the

data signal to the gate electrode of the driving transistor

through the second transistor, the driving transistor, and
the third transistor, and

wherein the driving transistor and the second, third, fourth,

fifth, sixth, and seventh transistors are N-type transis-

tors.

13. The apparatus of claim 12, wherein the second transis-
tor comprises a first electrode configured to receive the data
signal and a second electrode coupled to the second electrode
of the driving transistor, and the third transistor comprises a
first electrode coupled to the gate electrode of the driving
transistor and a second electrode coupled to the first electrode
of the driving transistor.

14. The apparatus of claim 12, wherein the second transis-
tor comprises a first electrode configured to receive the data
signal and a second electrode coupled to the first electrode of
the driving transistor, and the third transistor comprises a first
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electrode coupled to the gate electrode of the driving transis-
tor and a second electrode coupled to the second electrode of
the driving transistor.

15. The apparatus of claim 12, wherein the second elec-
trode of the OLED is configured to receive a second power
voltage, and the reference voltage is lower than a sum of the
second power voltage and a threshold voltage of the OLED.

16. The apparatus of claim 12, wherein the scan driver is
configured such that:

during a first time duration, when the initialization control

signal is at a first level, the scan control signal and the
emission control signal are at a second level,

during a second time duration, when the data signal has a

valid level, the initialization control signal and the emis-
sion control signal are at the second level, and the scan
control signal is at the first level; and

during a third time duration, when the initialization control

signal and the scan control signal are at the second level,
the emission control signal is at the first level,

wherein the first level is a level at which the driving tran-

sistor and the second, third, fourth, fifth, sixth, and sev-
enth transistors are configured to be turned on, and the
second level is a level at which the driving transistor and
the second, third, fourth, fifth, sixth, and seventh tran-
sistors are configured to be turned off.

17. The apparatus of claim 16, wherein the initialization
control signal is a scan control signal of a previous scan
period.

18. A method of driving an organic electroluminescent
display apparatus comprising a pixel array comprising a plu-
rality of pixels, wherein each of the plurality of pixels com-
prises an organic light-emitting diode (OLED) and a pixel
circuit comprising N-type transistors and a capacitor coupled
between a gate electrode of a driving transistor and an anode
of the OLED, the method comprising:

initializing the gate electrode of the driving transistor to an

initialization voltage;

initializing the anode of the OLED to a reference voltage;

charging the capacitor to a voltage level corresponding to a

sum of a threshold voltage of the driving transistor and a
data signal by diode-connecting the driving transistor
and applying the data signal to the gate electrode of the
driving transistor; and

outputting a driving current from the driving transistor to

the anode of the OLED according to a level of a voltage
charged to the capacitor.

19. The method of claim 18, wherein a cathode of the
OLED is configured to receive a second power voltage, and
the reference voltage is lower than a sum of the second power
voltage and a threshold voltage of the OLED.
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