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PIXEL CIRCUIT AND ORGANIC
ELECTROLUMINESCENT DISPLAY
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2009-0095665, filed on
Oct. 8, 2009, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to a pixel circuit and an organic electroluminescent
display including the same.

[0004] 2. Description of the Related Art

[0005] Flat panel displays such as liquid crystal displays
(LCDs), plasma display panels (PDPs), field emission dis-
plays (FEDs), or organic light emitting displays have been
developed to overcome disadvantages of cathode-ray tube
(CRT) displays. Among these displays, organic light emitting
displays are receiving more attention as a next-generation
display due to their high luminescence efficiency, high bright-
ness, wide viewing angles, and short response time.

[0006] Organic light emitting displays display images
using organic light emitting diodes (OLEDs), which generate
light via recombination of electrons and holes. Organic light
emitting displays are driven with low power consumption
while having a short response time.

SUMMARY

[0007] One or more embodiments of the present invention
include a pixel circuit in which initialization and compensa-
tion are performed during different time periods and an
organic electroluminescence display (or organic light emit-
ting display) including the pixel circuit.

[0008] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0009] According to one or more embodiments of the
present invention, a pixel circuit includes: an organic light
emitting diode; a fifth NMOS transistor including a gate
electrode coupled to a third scan line, a first electrode coupled
to a reference power source, and a second electrode coupled
to a first node; a first capacitor coupled between the first node
and a second node; a second capacitor coupled between the
first node and an anode of the organic light emitting diode; a
fourth NMOS transistor including a gate electrode coupled to
a second scan line, a first electrode coupled to a data line, and
a second electrode coupled to the first node; a sixth NMOS
transistor including a gate electrode coupled to a first scan
line, a first electrode coupled to a first power source, and a
second electrode coupled to the second node; a second
NMOS ftransistor including a gate electrode coupled to the
second scan line, a first electrode coupled to the second node,
and a second electrode coupled to a third node; a third NMOS
transistor including a gate electrode coupled to an emission
control line, a first electrode coupled to the first power source,
and a second electrode coupled to the third node; and a first
NMOS transistor for providing a driving current to the
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organic light emitting diode, the first NMOS transistor
including a gate electrode coupled to the second node, a first
electrode coupled to the third node, and a second electrode
coupled to the anode of the organic light emitting diode.
[0010] The pixel circuit may further include a seventh
NMOS transistor including a gate electrode coupled to the
first scan line, a first electrode coupled to the reference power
source, and a second first electrode coupled to the first node.
[0011] The seventh NMOS transistor may be configured to
transfer a reference voltage from the reference power source
to the first node when a first scan signal is transmitted through
the first scan line.

[0012] The sixth NMOS transistor may be configured to
transfer a first voltage from the first power source to the
second node when a first scan signal is transmitted through
the first scan line.

[0013] The fourth NMOS transistor may be configured to
transfer a data signal transmitted through the data line to the
first node when a second scan signal is transmitted through
the second scan line.

[0014] The fifth NMOS transistor may be configured to
transfer a reference voltage from the reference power source
to the first node when a third scan signal is transmitted
through the third scan line.

[0015] The pixel circuit may be configured to receive the
first scan signal, the second scan signal, and the third scan
signal sequentially in the stated order.

[0016] The first electrode of the first NMOS transistor may
be a drain electrode, and the second electrode of the first
NMOS transistor may be a source electrode.

[0017] According to one or more embodiments of the
present invention, a pixel circuit includes: an organic light
emitting diode; a fifth NMOS transistor including a gate
electrode coupled to a second scan line, a first electrode
coupled to a reference power source, and a first electrode
coupled to a first node; a first capacitor coupled between the
first node and a second node; a second capacitor coupled
between the first node and an anode of the organic light
emitting diode; a fourth NMOS transistor including a gate
electrode coupled to a third scan line, a first electrode coupled
to adata line, and a second electrode coupled to the first node;
asixth NMOS transistor including a gate electrode coupled to
a first scan line, a first electrode coupled to a first power
source, and a second electrode coupled to the second node; a
second NMOS transistor including a gate electrode coupled
to the second scan line, a first electrode coupled to the second
node, and a second electrode coupled to a third node; a third
NMOS transistor including a gate electrode coupled to an
emission control line, a first electrode coupled to the first
power source, and a second electrode coupled to the third
node; and a first NMOS transistor for providing a driving
current to the organic light emitting diode, the first NMOS
transistor including a gate electrode coupled to the second
node, a first electrode coupled to the third node, and a second
electrode coupled to the anode of the organic light emitting
diode.

[0018] The pixel circuit may further include a seventh
NMOS transistor including a gate electrode coupled to the
first scan line, a first electrode coupled to a reference power
source, and a second electrode coupled to the first node.
[0019] The sixth NMOS transistor may be configured to
transfer a first voltage from the first power source to the
second node when a first scan signal is transmitted through
the first scan line.
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[0020] The fourth NMOS transistor may be configured to
transfer a data signal through the data line to the first node
when a third scan signal is transmitted through the third scan
line.

[0021] The fifth NMOS transistor may be configured to
transfer a reference voltage from a reference power source to
the first node when a second scan signal is transmitted
through the second scan line.

[0022] The pixel circuit may be configured to receive the
first scan signal, the second scan signal, and the third scan
signal sequentially in the stated order.

[0023] According to one or more embodiments of the
present invention, an organic light emitting display includes:
a scan driver for supplying scan signals to scan lines and
emission control signals to emission control lines; a data
driver for supplying data signals to data lines; and pixel cir-
cuits at crossing regions of the scan lines, the emission control
lines, and the data lines, wherein at least one of the pixel
circuits includes: an organic light emitting diode; a fifth
NMOS transistor including a gate electrode coupled to a third
scan line of the scan lines, and a first electrode coupled to a
first node; a first capacitor coupled between the first node and
a second node; a second capacitor coupled between the first
node and an anode of the organic light emitting diode; a fourth
NMOS transistor including a gate electrode coupled to a
second scan line of the scan lines, a first electrode coupled to
a data line of the data lines, and a second electrode coupled to
the first node; a sixth NMOS transistor including a gate elec-
trode coupled to a first scan line of the scan lines, a first
electrode coupled to a first power source, and a second elec-
trode coupled to the second node; a second NMOS transistor
including a gate electrode coupled to the second scan line, a
first electrode coupled to the second node, and a second
electrode coupled to a third node; a third NMOS transistor
including a gate electrode coupled to an emission control line
of the emission control lines, a first electrode coupled to the
first power source, and a second electrode coupled to the third
node; and a first NMOS transistor for providing a driving
current to the organic light emitting diode, the first NMOS
transistor including a gate electrode coupled to the second
node, a first electrode coupled to the third node, and a second
electrode coupled to the anode of the organic light emitting
diode.

[0024] The at least one of the pixel circuits may further
include a seventh NMOS transistor including a gate electrode
coupled to the first scan line, a first electrode coupled a
reference power source, and a second electrode coupled to the
first node.

[0025] The sixth NMOS transistor may be configured to
transfer a first voltage from the first power source to the
second node when a first scan signal from among the scan
signals is transmitted through the first scan line, the fourth
NMOS transistor may be configured to transfer a data signal
from among the data signals transmitted through the data line
to the first node when a second scan signal from among the
scan signals is transmitted through the second scan line, the
second NMOS transistor may be configured to diode-connect
the first NMOS transistor when the second scan signal is
transmitted through the second scan line, and the fifth NMOS
transistor may be configured to transfer a reference voltage
from a reference power source to the first node when a third
scan signal from among the scan signals is transmitted
through the third scan line.
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[0026] The scan driver may be configured to sequentially
supply the first scan signal, the second scan signal, and the
third scan signal to the pixel circuits in the stated order.
[0027] According to one or more embodiments of the
present invention, an organic light emitting display includes:
a scan driver for supplying scan signals to scan lines and
emission control signals to emission control lines; a data
driver for supplying data signals to data lines; and pixel cit-
cuits at crossing regions of the scan lines, the emission control
lines, and the data lines, wherein at least one of the pixel
circuits includes: an organic light emitting diode; a fifth
NMOS transistor including a gate electrode coupled to a
second scan line of the scan lines, and a first electrode coupled
to a first node; a first capacitor coupled between the first node
and a second node; a second capacitor coupled between the
first node and an anode of the organic light emitting diode; a
fourth NMOS transistor including a gate electrode coupled to
a third scan line of the scan lines, a first electrode coupled to
a data line of the data lines, and a second electrode coupled to
the first node; a sixth NMOS transistor including a gate elec-
trode coupled to a first scan line of the scan lines, a first
electrode coupled to a first power source, and a second elec-
trode coupled to the second node; a second NMOS transistor
including a gate electrode coupled to the second scan line, a
first electrode coupled to the second node, and a second
electrode coupled to a third node; a third NMOS transistor
including a gate electrode coupled to an emission control line
of the emission control lines, a first electrode coupled to the
first power source, and a second electrode coupled to the third
node; and a first NMOS transistor for providing a driving
current to the organic light emitting diode, the first NMOS
transistor including a gate electrode coupled to the second
node, a first electrode coupled to the third node, and a second
electrode coupled to the anode of the organic light emitting
diode.

[0028] The at least one of the pixel circuits may further
include a seventh NMOS transistor including a gate electrode
coupled to the first scan line, a first electrode coupled to a
reference power source, and a second electrode coupled to the
first node.

[0029] The sixth NMOS transistor may be configured to
transfer a first voltage from the first power source to the
second node when a first scan signal from among the scan
signals is transmitted through the first scan line, the fourth
NMOS transistor may be configured to transfer a data signal
from among the data signals transmitted through the data line
to the first node when a third scan signal from among the scan
signals is transmitted through the third scan line, the second
NMOS transistor may be configured to diode-connect the first
NMOS transistor when a second scan signal from among the
scan signals is transmitted through the second scan line, and
the fifth NMOS transistor may be configured to transfer a
reference voltage from a reference power source to the first
node when the second scan signal is transmitted through the
second scan line.

[0030] The scan driver may be configured to sequentially
supply the first scan signal, the second scan signal, and the
third scan signal to the pixel circuits in the stated order.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] 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 of which:
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[0032] FIG. 1 is a schematic view of an organic light emit-
ting diode;
[0033] FIG. 2 is a circuit diagram of a pixel circuit driven

according to a voltage driving method;

[0034] FIG. 3is a block diagram of an organic electrolumi-
nescence display according to an embodiment of the present
invention;

[0035] FIG. 4 is a circuit diagram of a pixel circuit illus-
trated in FIG. 3, according to an embodiment of the present
invention;

[0036] FIG. 5 is a circuit diagram of a pixel circuit illus-
trated in FIG. 3, according to another embodiment of the
present invention;

[0037] FIG. 6 is a timing diagram of driving signals (or
waveforms) which may be used with the pixel circuits illus-
trated in FIGS. 4 and 5 according to one embodiment of the
present invention;

[0038] FIG. 7 is a circuit diagram of a pixel circuit illus-
trated in FIG. 3, according to another embodiment of the
present invention;

[0039] FIG. 8 is a circuit diagram of a pixel circuit illus-
trated in FIG. 3, according to another embodiment of the
present invention; and

[0040] FIG. 9 is a timing diagram of driving signals (or
waveforms) which may be used with the pixel circuits illus-
trated in FIGS. 7 and 8 according to one embodiment of the
present invention.

DETAILED DESCRIPTION

[0041] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout and description about the same or corre-
sponding elements will not be repeatedly presented. In this
regard, the present embodiments may have different forms
and should not be construed as being limited to the descrip-
tions of embodiments set forth herein. Accordingly, the
embodiments are described below, by referring to the figures,
to explain aspects of the present invention.

[0042] In general, an organic electroluminescent display
(e.g., organic light emitting display) is a display device that
may emit light by electrically exciting a fluorescent organic
compound, and produces an image by voltage-driving or
current-driving a plurality of organic light emitting cells
arranged in a matrix. Such organic light emitting cells are also
referred to as organic light emitting diodes (OLEDs) due to
their diode-like characteristics.

[0043] FIG. 1 is a schematic view of an OLED.

[0044] Referring to FIG. 1, the OLED includes an anode
(composed of, e.g., indium tin oxide: ITO), an organic thin
film, and a cathode (composed of, e.g., metal). The organic
thin film may include, in order to improve luminescence
efficiency by maintaining a balance between electrons and
holes, an emitting layer (EML), an electron transport layer
(ETL), and ahole transport layer (HTL). The organic thin film
may further include a hole injecting layer (HIL) and/or an
electron injecting layer (EIL).

[0045] The organic light emitting cells (of an organic elec-
troluminescent display) may be driven in a passive matrix
manner, or in an active matrix manner using a thin film tran-
sistor (TFT) or a metal-oxide-semiconductor field-effect
transistor (MOSFET). In an organic electroluminescent dis-
play driven in to a passive matrix manner, the cathode is
formed to be perpendicular to the anode and driving is per-
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formed by selecting a line. In an organic electroluminescent
display driven in an active matrix manner, a TFT is coupled to
an ITO pixel electrode and driving is performed according to
a voltage stored in a capacitor coupled to a gate of the TFT.
Among various active matrix driving methods, there is a
voltage driving method in which a voltage signal is applied to
provide a voltage to a capacitor to sustain the voltage therein.
[0046] FIG. 2 is a circuit diagram of a pixel circuit driven
according to a voltage driving method.

[0047] Referring to FIG. 2, a switching transistor M2 is
turned on when a selection signal is transmitted through a
selected scan line Sn. When the switching transistor M2 is
turned on, a data signal transmitted through a data line Dm is
transferred to a gate of a driving transistor M1, and a potential
difference between the data voltage signal and a voltage
source VDD is stored in a capacitor C1 coupled between the
gate and a source of the driving transistor M1. Due to the
potential difference, a driving current I -, flows through an
OLED and thus the OLED emits light. In this regard, a gray
level display (e.g., a predetermined contrast gray level dis-
play) is enabled according to the level of the applied data
voltage signal.

[0048] However, in a plurality of pixel circuits, individual
driving transistors M1 may have different threshold voltages.
If the driving transistors M1 of pixel circuits have different
threshold voltages, the driving transistors M1 may output
different amounts of current for a given data voltage signal
and thus the image may not have uniform brightness. Such a
threshold voltage variation of the driving transistors M1 may
increase as the size of an organic electroluminescence display
(or organic light emitting display) increases, and accordingly,
image quality of the organic electroluminescence display
may be adversely affected. Thus, to obtain a more uniform
image from an organic electroluminescent light emitting dis-
play, the threshold voltage of each of the driving transistors
M1 of pixel circuits included in the organic electrolumines-
cent light emitting display may be compensated for.

[0049] The threshold voltage of each of the driving transis-
tors M1 of pixel circuits may be compensated for using vari-
ous application circuits. However, most of these various
application circuits concurrently (e.g., simultaneously) pet-
form initialization and compensation for the threshold volt-
ages of the driving transistors M1 for a predetermined amount
of time. During initialization, unwanted emission may occur
and contrast ratio (C/R) may be degraded. In addition, larger
organic electroluminescent displays (or organic light emit-
ting displays) may require longer initialization times, but
concurrently performing initialization and compensation for
the threshold voltages of the driving transistors M1 may sub-
stantially reduce the initialization time compared to smaller
organic electroluminescent displays. However, the unwanted
emission and contrast ratio degradation may be reduced or
prevented by a pixel circuit that drives the initialization and
the compensation at separate times.

[0050] FIG. 3 is a block diagram of an organic electrolumi-
nescence display (e.g., organic light emitting display) 300
according to one embodiment of the present invention.
[0051] Referring to FIG. 3, the organic electrolumines-
cence display 300 according to one embodiment includes a
display unit 310, an emission control driver 302, a scan driver
304, a data driver 306, and a power source driver 308.
[0052] Thedisplay unit 310 may include nxm pixel circuits
P eachincluding an OLED (not shown), scan lines S1 through
Sn that are aligned (e.g., extending) in rows and for transfer-
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ring scan signals, data lines D1 through Dm that are aligned
(e.g., extending) in columns and for transferring data signals,
emission control lines E2 through En+1 that are aligned (e.g.,
extending) in rows and for transferring emission control sig-
nals, and m first power source lines (not shown) and m second
power source lines (not shown) for transferring power applied
to the pixels.

[0053] The display unit 310 may control the OLED:s (e.g.,
see FIG. 4) to emit light by using scan signals, data signals,
emission control signals, and a first voltage from a first power
source ELVDD and a second voltage from a second power
source ELVSS, in order to display an image.

[0054] The emission control driver 302 is coupled to the
emission control lines E2 through En+1 and may apply emis-
sion control signals to the display unit 310.

[0055] The scan driver 304 is coupled to the scan lines S1
through Sn and may apply scan signals to the display unit 310.
[0056] The data driver 306 is coupled to the data lines D1
through Dm and may apply data signals to the display unit
310. The data driver 306 may provide the data signals to the
pixel circuits P during a programming period.

[0057] The power source driver 308 may apply the first
voltage from the first power source ELVDD and the second
voltage from the second power source ELVSS to each of the
pixel circuits P.

[0058] FIG. 4 is a circuit diagram of a pixel circuit P illus-
trated in FIG. 3, according to an embodiment of the present
invention. For the sake of convenience, FIG. 4 illustrates a
pixel circuit that is coupled to a first scan line S[N-1] (e.g.,
N-I1thscanline), a second scan line S[N] (e.g., Nth scanline),
a third scan line S|N+1] (e.g., N+1th scan line), an Nth emis-
sion control line EM[N], and an Mth data line D[M].

[0059] Referring to FIG. 4, with regard to an OLED, an
anode of the OLED is commonly coupled to a second capaci-
tor C2 and a source electrode of a first NMOS transistor M1
at a fourth node N4, and a cathode is coupled to a second
power source ELVSS. According to the descriptions above,
the OLED may generate light having a brightness (e.g., a
predetermined brightness) in accordance with a current sup-
plied by a first NMOS transistor M1, which may be a driving
transistor.

[0060] With regard to a fifth NMOS transistor M5, a gate
electrode is coupled to the third scan line S[N+1], a drain
electrode is coupled to a reference power source Vref, and a
source electrode is coupled to a first node N1. The fifth
NMOS transistor M5 is turned on when a third scan signal,
that is, a voltage signal having a high level, is transmitted
through the third scan line S{N+1], and, when turned on, may
transfer a reference voltage from the reference power source
Vref to the first node N1.

[0061] A first capacitor C1 is coupled between the first
node N1 and a second node N2. The second capacitor C2 is
coupled between the first node N1 and the anode of the
OLED.

[0062] With regard to a fourth NMOS transistor M4, a gate
electrode is coupled to the second scan line S[N], a drain
electrode is coupled to the M data line D[M], and a source
electrode is coupled to the first node N1. The fourth NMOS
transistor M4 is turned on when a second scan signal, that is,
avoltage signal having ahigh level, is transmitted through the
second scan line S[N], and, when turned on, may transfer a
data signal to the first node N1.

[0063] With regard to a sixth NMOS transistor M6, a gate
electrode is coupled to the first scan line S[N-1], a drain
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electrode is coupled to a first power source ELVDD, and a
source electrode is coupled to the second node N2. The sixth
NMOS transistor M6 is turned on when a first scan signal, that
is, a voltage signal having a high level, is transmitted through
the first scan line S[N-1], and, when turned on, may initialize
the second node N2 using a first voltage from the first power
source ELVDD.

[0064] With regard to a second NMOS transistor M2, a gate
electrode is coupled to the second scan line S[N], a drain
electrode 1s commonly coupled to the second node N2
together with a gate electrode of the first NMOS transistor
M1, and a source electrode is commonly coupled to a third
node N3 together with a drain electrode of the first NMOS
transistor M1. The second NMOS transistor M2 is turned on
when the second scan signal, that is, a voltage signal having a
high level, is transmitted through the second scan line S[N],
and, when turned on, may short-circuit the gate electrode and
drain electrode of the first NMOS transistor M1, thereby
diode-connecting the first NMOS transistor M1, that is, a
driving transistor.

[0065] With regard to a third NMOS transistor M3, a gate
electrode is coupled to the Nth emission control line EM[N],
adrain electrode is coupled to the first power source ELVDD,
and a source electrode is coupled to the third node N3. The
third NMOS transistor M3 transfers the first voltage from the
first power source ELVDD to the drain electrode of the first
NMOS transistor M1 when an emission control signal is
transmitted through the emission control line EM[N], that is,
a voltage signal having a high level.

[0066] With regard to the first NMOS transistor M1, the
gate electrode is coupled to the second node N2, the drain
electrode is coupled to the third node N3, and the source
electrode is commonly coupled to the fourth node N4
together with the anode of the OLED. Thus, the first NMOS
transistor M1 may provide a driving current I, -, to the
OLED. The driving current I,y 1s determined in accor-
dance with a voltage difference Vgs between the gate elec-
trode and the source electrode of the first NMOS transistor
Ml.

[0067] According to an embodiment of the present inven-
tion, in the pixel circuit, all the transistors M1 through M6
may be NMOS transistors, wherein the third through sixth
NMOS transistors M3 through M6 are switching transistors,
the second NMOS transistor M2 is a threshold voltage com-
pensation transistor, and the first NMOS transistor M1 is a
driving transistor. An NMOS transistor refers to an N-type
metal oxide semiconductor transistor, in which, when a ¢on-
trol signal is in alow level state, the NMOS transistor is turned
off, and, when the control signal is in a high level state, the
NMOS transistor is turned on. An NMOS transistor operates
more quickly than a PMOS transistor and thus is useful in a
large display.

[0068] FIG. 51is a circuit diagram of a pixel circuit P illus-
trated in FIG. 3, according to another embodiment of the
present invention.

[0069] The pixel circuit according to one embodiment
depicted in FIG. 5 is different from the pixel circuit of FIG. 4
in that the pixel circuit of FIG. 5§ further includes a seventh
NMOS transistor M7 that is located in parallel with the fifth
NMOS transistor M5.

[0070] With regard to the seventh NMOS transistor M7, a
gate electrode is coupled to the first scan signal line S[N-1],
a drain electrode is coupled to the reference power source
Vref, and a source electrode is coupled to the first node N1.
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The seventh NMOS transistor M7 is turned on when the first
scan signal, that is, a voltage signal having a high level, is
transmitted through the first scan signal line S[N-1], and,
when turned on, may transfer the reference voltage of the
reference power source Vref to the first node N1, thereby
initializing the first node N1 using the reference voltage from
the reference power source Vref.

[0071] During an initialization period, in the pixel circuit
illustrated in FIG. 4, the second node N2 is initialized using
the first voltage from the first power source ELVDD trans-
ferred by the sixth NMOS transistor M6, and, in the pixel
circuit illustrated in FIG, 5, the second node N2 is initialized
using the first voltage from the first power source ELVDD and
the first node N1 is initialized using the reference voltage
from the reference power source Vref transferred by the sev-
enth NMOS transistor M7.

[0072] Driving operations, according to one embodiment
of the present invention, of the pixel circuits illustrated in
FIGS. 4 and 5 will now be described in detail with reference
to the timing diagram shown in FIG. 6.

[0073] Referring to FIG. 6, a first period is an initialization
period during which the first scan signal of the first scan line
S[N-1] has ahighlevel. A second period is a data writing and
threshold voltage compensation period during which a
threshold voltage Vto of the OLED and a threshold voltage
Vthofthe first NMOS transistor M1, are compensated for and
compensated data is written to the first capacitor C1, during
which the second scan signal of the second scan line S[N] has
a high level. A third period is a data programming period
during which the third scan signal of the third scan line
S[N+1] has a high level. A fourth period is an emission period
during which the emission control signal transmitted through
the Nth emission control line EM[N] has a high level.
[0074] With reference to FIGS. 4 through 6, switching and
driving operations of transistors during the periods will be
described in detail.

[0075] During the first period, when the first scan signal of
the first scan line S[N-1] having a high level is applied, the
sixth NMOS transistor M6 is turned on and thus the first
voltage from the first power source ELVDD is applied to the
second node N2, thereby initializing the first capacitor C1 and
the gate electrode of the first NMOS transistor M1. In the
pixel circuit illustrated in FIG. 5, when the first scan signal of
the first scan line S[N-1] having a high level is applied, the
seventh NMOS transistor M7 is turned on together with the
sixth NMOS transistor M6 and thus the reference voltage
from the reference power source Vref is applied to the first
node N1, thereby initializing the second capacitor C2.
[0076] During the second period, when the second scan
signal having a high level is applied to the second scan line
S[N], the fourth NMOS transistor M4 is turned on and thus a
data signal Vdata transmitted through the Mth data line D[M]
is transferred to the first node N1. In addition, the second
NMOS transistor M2 is turned on and thus the second node
N2 and the third node N3 are short circuited so that the first
NMOS transistor M1, is diode-connected. Thus, the voltage
signal applied to the second node N2 is the sum of the thresh-
old voltage Vto of the OLED and the threshold voltage Vth of
the first NMOS transistor M1.

[0077] During a third period, when the third scan signal
having ahighlevel is applied to the third scan line S[N+1], the
fifth NMOS transistor M5 is turned on and thus the reference
voltage from the reference power source Vref'is transferred to
the first node N1. Thus, the voltage change at the first node N1
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is the absolute value of Vref-Vdata, and the voltage change at
the fourth node N4 is the absolute value of Voled-Vto. In this
regard, Voled refers to a voltage between ends of the OLED.
Thus, the voltage of the second node N2 is Vto+Vth+Vref-
Vdata+Voled-Vto and thus Vth+Vref-Vdata+Voled, assum-
ing that the second power source ELVSS is grounded.

[0078] During a fourth period, the emission control signal
having a high level is applied to the Nth emission control line
EM|N], the third NMOS transistor M3 is turned on and thus
the first voltage from the first power source ELVDD may be
applied to the first NMOS transistor M1. The current I, -,
flowing through the OLED is determined according to the
following equation:

Torep=K (Ve Vth)z

o Equation 1

where K is a constant determined by mobility and parasitic
capacitance of a driving transistor, Vgs is the voltage differ-
ence between gate and source electrodes of the driving tran-
sistor, and Vth is the threshold voltage of the driving transis-
tor. In the present embodiment, Vgs is the voltage difference
between the second node N2 and the fourth node N4, that is,
the voltage difference between the gate electrode and source
electrode of the first NMOS transistor M1.

[0079] WhenVgs is substituted for in Equation 1, Equation
2 is obtained as follows:

Torep™KV it Ve Vo™ Vth)2

Torep=K(V,om Vgata)” Equation 2

[0080] By referring to Equation 2, it is identified that the
current I,z flowing through an OLED is determined
according to the reference voltage from the reference power
source Vref and the data signal Vdata. That is, flow of the
current I ,; - is not related to the threshold voltage Vth of the
first NMOS transistor M1, which is a driving translator, nor is
it related to the threshold voltage of the OLED or the voltage
of the second power source ELVSS of the OLED.

[0081] Thus, since a pixel circuit according to an embodi-
ment of the present invention compensates for the threshold
voltage of a driving transistor and is not sensitive to scattering
(or variations) of the first and second power sources, the
uniformity of the brightness of an image may be improved.

[0082] Inaddition, unlike one conventional pixel circuit, in
which initialization and compensation for the threshold volt-
age of a driving transistor are concurrently performed during
a first period, a pixel circuit according to an embodiment of
the present invention is driven in such a way that during a first
period, initialization is performed, and then, during a second
period, data writing and compensation for the threshold volt-
ages of an organic light emitting diode and a driving transistor
are performed. Thus, incomplete initialization in some pixel
circuits, which may occur due to an organic electrolumines-
cence display being large and a large load caused by high-
speed operation, is reduced or prevented. In addition, unlike
one conventional OLED, in which a current flows during
initialization, according to aspects of the present invention, a
current does not flow through an OLED during initialization
because initialization is performed using an additional tran-
sistor, and thus the OLED does not emit light during initial-
ization, and thus improving a contrast ratio. Inaddition, use of
an emission control driver to transmit an emission control
signal enables duty control which may reduce or remove
motion blur and reduce or overcome cross-talk.
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[0083] FIG. 7is a circuit diagram of a pixel circuit P illus-
trated in FIG. 3, according to another embodiment of the
present invention.

[0084] Referring to FIG. 7, with regard to an OLED, an
anode of the OLED is commonly coupled to a second capaci-
tor C2 and a source electrode of a first NMOS transistor M1,
and a cathode of the OLED is coupled to a second power
source ELVSS. According to the descriptions above, the
OLED may generate light having a brightness (e.g., a prede-
termined brightness) corresponding to a current supplied by
the first NMOS transistor M1, which may be a driving tran-
sistor.

[0085] With regard to a fifth NMOS transistor M5, a gate
electrode is coupled to a second scan line S[N-1], a drain
electrode is coupled to a reference power source Vref, and a
source electrode is coupled to a first node N1. The fifth
NMOS transistor M5 is turned on when a second scan signal,
that is, a voltage signal having a high level, is transmitted
through the second scan line S[N-1], and, when turned on,
may transfer a reference voltage from the reference power
source Vref to the first node N1.

[0086] A first capacitor C1 is coupled between the first
node N1 and a second node N2. The second capacitor C2 is
coupled between the first node N1 and the anode of the
OLED.

[0087] With regard to a fourth NMOS transistor M4, a gate
electrode is coupled to a third scan line S[N], a drain electrode
is coupled to a data line D[M], and a source electrode is
coupled to the first node N1. The fourth NMOS transistor M4
is turned on when a third scan signal, that is, a voltage signal
having a high level, is transmitted through the third scan line
S[N], and, when turned on, may transfer a data signal to the
first node N1.

[0088] With regard to a sixth NMOS transistor, a gate elec-
trode is coupled to a first scan line S[N-2], a drain electrode
is coupled to a first power source ELVDD, and a source
electrode is coupled to the second node N2. The sixth NMOS
transistor M6 is turned on when a first scan signal, that is, a
voltage signal having a high level, is transmitted through the
first scan line S[N-2], and, when turned on, may initialize the
second node N2 using a first voltage from the first power
source ELVDD.

[0089] With regard to a second NMOS transistor M2, a gate
electrode 1s coupled to the second scan line S[N-1], a drain
electrode is commonly coupled to the second node N2
together with a gate electrode of the first NMOS transistor
M1, and a source electrode is commonly coupled to a third
node N3 together with a drain electrode of the first NMOS
transistor M1. The second NMOS transistor M2 is turned on
when the second scan signal, that is, a voltage signal having a
high level, is transmitted through the second scan line S[N-
1], and, when turned on, may short-circuit the gate electrode
and drain electrode of the first NMOS ftransistor, thereby
diode-connecting the first NMOS transistor M1.

[0090] With regard to a third NMOS transistor M3, a gate
electrode is coupled to the Nth emission control line EM[N],
a drain electrode is coupled to the first power source ELVDD,
and a source electrode is coupled to the third node N3. The
third NMOS transistor M3 transfers the first voltage from the
first power source ELVDD to the drain electrode of the first
NMOS transistor M1 when an emission control signal,is
transmitted through the Nth emission control line EM[N],
that is, a voltage signal having a high level.
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[0091] With regard to the first NMOS transistor M1, the
gate electrode is coupled to the second node N2, the drain
electrode is coupled to the third node N3, and the source
electrode is commonly coupled to a fourth node N4 together
with the anode of the OLED. Thus, the first NMOS transistor
M1 may provide a driving current I ,; -, to the OLED. The
driving current 1, 5, is determined according to a voltage
difference Vgs between the gate electrode and the source
electrode of the first NMOS transistor M1.

[0092] The pixel circuit according to the present embodi-
ment is different from the pixel circuit illustrated in FIG. 4 in
that the second NMOS transistor M2 is coupled to the second
scan line S[N-1], and the fourth NMOS transistor M4 is
coupled to the third scan line S[N]. Thus, when the second
scan signal having a high level is transmitted through the
second scan line S[N-1], turning on the second NMOS tran-
sistor M2, the first NMOS transistor M1, is diode-connected
and thus a threshold voltage Vto of the OLED and a threshold
voltage Vth of the driving transistor M1 are compensated for
atthe second node N2. Then, by applying the third scan signal
having a high level through the third scan line S[N], a data
signal Vdata is applied to the first node N1, thereby perform-
ing data writing.

[0093] FIG. 81s a circuit diagram of a pixel circuit P illus-
trated in FIG. 3, according to another embodiment of the
present invention.

[0094] The pixel circuit according to one embodiment
depicted in F1G. 8 is different from the pixel circuit illustrated
in FIG. 7 in that the pixel circuit of FIG. 8 further includes a
seventh NMOS transistor M7 that is disposed in parallel with
the fifth NMOS transistor M5.

[0095] With regard to the seventh NMOS transistor M7, a
gate electrode is coupled to the first scan signal line S[N-2],
a drain electrode is coupled to the reference power source
Vref, and a source electrode is coupled to the first node N1.
The seventh NMOS transistor M7 is turned on when the first
scan signal, that is, a voltage signal having a high level, is
transmitted through the first scan signal line S[N-2], and,
when turned on, may transfer the reference voltage from the
reference power source Vref to the first node N1, thereby
initializing the first node N1 using the reference voltage from
the reference power source Vref.

[0096] During an initialization period, in the pixel circuit
illustrated in FI1G. 7, the second node N2 is initialized using
the first voltage from the first power source ELVDD trans-
ferred by the sixth NMOS transistor M6, and in the pixel
circuit illustrated in FIG. 8, the second node N2 is initialized
using the first voltage from the first power source ELVDD and
the first node N1 is initialized using the reference voltage
from the reference power source Vref transferred by the sev-
enth NMOS transistor M7.

[0097] Driving operations, according to one embodiment
of the present invention, of the pixel circuits illustrated in
FIGS. 7 and 8 will now be described in detail with reference
to the timing diagram shown in FIG. 9.

[0098] Referring to FIG. 9, a first period is an initialization
period during which the first scan signal of the first scan signal
line S[N-2] has a high level, and a second period is a thresh-
old voltage compensation period during which the threshold
voltage Vto of the OLED and the threshold voltage Vth of the
first NMOS transistor M1, that is, a driving transistor, are
compensated for and during which the second scan signal of
the second scan line S[N-1] has a high level. A third period is
a data writing period during which the third scan signal of the



US 2011/0084947 Al

third scan signal line S[N] has a high level. A fourth period is
an emission period during which the emission control signal
transmitted through the Nth emission control line EM[N] has
a high level. That is, the timing diagram illustrated in FIG. 9
is different from the timing diagram illustrated in FIG. 6 in
that the data writing and compensation for the threshold volt-
age Vto of the OLED and the threshold voltage Vth of'the first
NMOS transistor M1 are not concurrently performed. In
other words, the threshold voltages are compensated for, and
then data writing is performed.

[0099] Operations ofthe pixel circuits illustrated in FIGS. 7
and 8 are the same as those of the pixel circuits illustrated in
FIGS. 4 and 5 except for the difference described above, and
the current flowing through the OLEDs may be calculated
using Hquations 1 and 2. That is, the current I, -, flowing
through either of the OLED:s is determined according to the
reference voltage from the reference power source Vref and
the data signal Vdata.

[0100] As described above, according to one or more of the
above embodiments of the present invention, initialization of
a pixel circuit may be performed separately from compensa-
tion and thus problems associated with a large organic elec-
troluminescence display are reduced or solved, contrast ratio
C/R 1s improved, cross-talk is reduced or overcome, the
threshold voltage of a driving transistor is compensated for,
and thus the uniformity of brightness of an image may be
improved.

[0101] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. It is to be
understood that the scope of the embodiments covers various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims and their equiva-
lents. Descriptions of features or aspects within each embodi-
ment should typically be considered as available for other
similar features or aspects in other embodiments.

What is claimed is:

1. A pixel circuit comprising:

an organic light emitting diode;

a fifth NMOS transistor comprising a gate electrode
coupled to a third scan line, a first electrode coupled to a
reference power source, and a second electrode coupled
to a first node;

a first capacitor coupled between the first node and a sec-
ond node;

a second capacitor coupled between the first node and an
anode of the organic light emitting diode;

a fourth NMOS transistor comprising a gate electrode
coupled to a second scan line, a first electrode coupled to
a data line, and a second electrode coupled to the first
node;

a sixth NMOS transistor comprising a gate electrode
coupled to a first scan line, a first electrode coupled to a
first power source, and a second electrode coupled to the
second node;

a second NMOS transistor comprising a gate electrode
coupled to the second scan line, a first electrode coupled
to the second node, and a second electrode coupled to a
third node;

a third NMOS transistor comprising a gate electrode
coupled to an emission control line, a first electrode
coupled to the first power source, and a second electrode
coupled to the third node; and
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a first NMOS transistor for providing a driving current to
the organic light emitting diode, the first NMOS transis-
tor comprising a gate electrode coupled to the second
node, a first electrode coupled to the third node, and a
second electrode coupled to the anode of the organic
light emitting diode.

2. The pixel circuit of claim 1, further comprising a seventh
NMOS transistor comprising a gate electrode coupled to the
first scan line, a first electrode coupled to the reference power
source, and a second first electrode coupled to the first node.

3. The pixel circuit of claim 2, wherein the seventh NMOS
transistor is configured to transfer a reference voltage from
the reference power source to the first node when a first scan
signal is transmitted through the first scan line.

4. The pixel circuit of claim 2, wherein the sixth NMOS
transistor is configured to transfer a first voltage from the first
power source to the second node when a first scan signal is
transmitted through the first scan line.

5. The pixel circuit of claim 1, wherein the sixth NMOS
transistor is configured to transfer a first voltage from the first
power source to the second node when a first scan signal is
transmitted through the first scan line.

6. The pixel circuit of claim 5, wherein the fourth NMOS
transistor is configured to transfer a data signal transmitted
through the data line to the first node when a second scan
signal is transmitted through the second scan line.

7. The pixel circuit of claim 6, wherein the fifth NMOS
transistor is configured to transfer a reference voltage from
the reference power source to the first node when a third scan
signal is transmitted through the third scan line.

8. The pixel circuit of claim 7, wherein the pixel circuit is
configured to receive the first scan signal, the second scan
signal, and the third scan signal sequentially in the stated
order.

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

10. A pixel circuit comprising:

an organic light emitting diode;

a fifth NMOS transistor comprising a gate electrode
coupled to a second scan line, a first electrode coupled to
areference power source, and a first electrode coupled to
a first node;

a first capacitor coupled between the first node and a sec-
ond node;

a second capacitor coupled between the first node and an
anode of the organic light emitting diode;

a fourth NMOS transistor comprising a gate electrode
coupled to a third scan line, a first electrode coupled to a
data line, and a second electrode coupled to the first
node;

a sixth NMOS transistor comprising a gate electrode
coupled to a first scan line, a first electrode coupled to a
first power source, and a second electrode coupled to the
second node;

a second NMOS transistor comprising a gate electrode
coupled to the second scan line, a first electrode coupled
to the second node, and a second electrode coupled to a
third node;

a third NMOS transistor comprising a gate electrode
coupled to an emission control line, a first electrode
coupled to the first power source, and a second electrode
coupled to the third node; and
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a first NMOS transistor for providing a driving current to
the organic light emitting diode, the first NMOS transis-
tor comprising a gate electrode coupled to the second
node, a first electrode coupled to the third node, and a
second electrode coupled to the anode of the organic
light emitting diode.

11. The pixel circuit of claim 10, further comprising a
seventh NMOS transistor comprising a gate electrode
coupled to the first scan line, a first electrode coupled to a
reference power source, and a second electrode coupled to the
first node.

12. The pixel circuit of claim 11, wherein the sixth NMOS
transistor is configured to transfer a first voltage from the first
power source to the second node when a first scan signal is
transmitted through the first scan line.

13. The pixel circuit of claim 10, wherein the sixth NMOS
transistor is configured to transfer a first voltage from the first
power source to the second node when a first scan signal is
transmitted through the first scan line.

14. The pixel circuit of claim 13, wherein the fourth NMOS
transistor is configured to transfer a data signal through the
data line to the first node when a third scan signal is transmit-
ted through the third scan line.

15. The pixel circuit of claim 14, wherein the fifth NMOS
transistor is configured to transfer a reference voltage from a
reference power source to the first node when a second scan
signal is transmitted through the second scan line.

16. The pixel circuit of claim 15, wherein the pixel circuit
is configured to receive the first scan signal, the second scan
signal, and the third scan signal sequentially in the stated
order.

17. An organic light emitting display comprising;

a scan driver for supplying scan signals to scan lines and

emission control signals to emission control lines;

a data driver for supplying data signals to data lines; and

pixel circuits at crossing regions of the scan lines, the
emission control lines, and the data lines, wherein at
least one of the pixel circuits comprises:

an organic light emitting diode;

a fifth NMOS transistor comprising a gate electrode
coupled to a third scan line of the scan lines and a first
electrode coupled to a first node;

a first capacitor coupled between the first node and a
second node;

asecond capacitor coupled between the first node and an
anode of the organic light emitting diode;

a fourth NMOS transistor comprising a gate electrode
coupled to a second scan line of the scan lines, a first
electrode coupled to a data line of the data lines, and
a second electrode coupled to the first node;

a sixth NMOS transistor comprising a gate electrode
coupled to a first scan line of the scan lines, a first
electrode coupled to a first power source, and a second
electrode coupled to the second node;

a second NMOS transistor comprising a gate electrode
coupled to the second scan line, a first electrode
coupled to the second node, and a second electrode
coupled to a third node;

a third NMOS transistor comprising a gate electrode
coupled to an emission control line of the emission
control lines, a first electrode coupled to the first
power source, and a second electrode coupled to the
third node; and
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afirst NMOS transistor for providing a driving current to
the organic light emitting diode, the first NMOS tran-
sistor comprising a gate electrode coupled to the sec-
ond node, a first electrode coupled to the third node,
and a second electrode coupled to the anode of the
organic light emitting diode.

18. The organic light emitting display of claim 17, wherein
the at least one of the pixel circuits further comprises a sev-
enth NMOS transistor comprising a gate electrode coupled to
the first scan line, a first electrode coupled to a reference
power source, and a second electrode coupled to the first
node.

19. The organic light emitting display of claim 18, wherein

the sixth NMOS transistor is configured to transfer a first

voltage from the first power source to the second node
when a first scan signal from among the scan signals is
transmitted through the first scan line,

the fourth NMOS transistor is configured to transfer a data

signal from among the data signals transmitted through

the data line to the first node when a second scan signal
from among the scan signals is transmitted through the
second scan line,

the second NMOS transistor is configured to diode-con-

nect the first NMOS transistor when the second scan

signal is transmitted through the second scan line, and

the fifth NMOS transistor is configured to transfer a refer-
ence voltage from a reference power source to the first
node when a third scan signal is transmitted through the
third scan line.

20. The organic light emitting display of claim 17, wherein

the sixth NMOS transistor is configured to transfer a first

voltage from the first power source to the second node
when a first scan signal from among the scan signals is
transmitted through the first scan line,

the fourth NMOS transistor is configured to transfer a data

signal from among the data signals transmitted through

the data line to the first node when a second scan signal
from among the scan signals is transmitted through the
second scan line,

the second NMOS transistor is configured to diode-con-

nect the first NMOS transistor when the second scan

signal is transmitted through the second scan line, and
the fifth NMOS transistor is configured to transfer a refer-
ence voltage from a reference power source to the first
node when a third scan signal from among the scan
signals is transmitted through the third scan line.

21. The organic light emitting display of claim 20, wherein
the scan driver is configured to sequentially supply the first
scan signal, the second scan signal, and the third scan signal
to the pixel circuits in the stated order.

22. An organic light emitting display comprising:

a scan driver for supplying scan signals to scan lines and

emission control signals to emission control lines;

a data driver for supplying data signals to data lines; and

pixel circuits at crossing regions of the scan lines, the

emission control lines, and the data lines, wherein at
least one of the pixel circuits comprises:

an organic light emitting diode;

a fifth NMOS transistor comprising a gate electrode
coupled to a second scan line of the scan lines and a
first electrode coupled to a first node;

a first capacitor coupled between the first node and a
second node;
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asecond capacitor coupled between the first node and an
anode of the organic light emitting diode;

a fourth NMOS transistor comprising a gate electrode
coupled to a third scan line of the scan lines, a first
electrode coupled to a data line of the data lines, and
a second electrode coupled to the first node;

a sixth NMOS transistor comprising a gate electrode
coupled to a first scan line of the scan lines, a first
electrode coupled to a first power source, and a second
electrode coupled to the second node;

a second NMOS transistor comprising a gate electrode
coupled to the second scan line, a first electrode
coupled to the second node, and a second electrode
coupled to a third node;

a third NMOS transistor comprising a gate electrode
coupled to an emission control line of the emission
control lines, a first electrode coupled to the first
power source, and a second electrode coupled to the
third node; and

a first NMOS transistor for providing a driving current to
the organic light emitting diode, the first NMOS tran-
sistor comprising a gate electrode coupled to the sec-
ond node, a first electrode coupled to the third node,
and a second electrode coupled to the anode of the
organic light emitting diode.

23. The organic light emitting display of claim 22, wherein
the at least one of the pixel circuits further comprises a sev-
enth NMOS transistor comprising a gate electrode coupled to
the first scan line, a first electrode coupled to a reference
power source, and a second electrode coupled to the first
node.

24. The organic light emitting display of claim 23, wherein

the sixth NMOS transistor is configured to transfer a first

voltage from the first power source to the second node
when a first scan signal from among the scan signals is
transmitted through the first scan line,
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the fourth NMOS transistor is configured to transfer a data
signal from among the data signals transmitted through
the data line to the first node when a third scan signal
from among the scan signals is transmitted through the
third scan line,

the second NMOS transistor is configured to diode-con-

nect the first NMOS transistor when a second scan signal
from among the scan signals is transmitted through the
second scan line, and

the fifth NMOS transistor is configured to transfer a refer-

ence voltage of a reference power source to the first node
when the second scan signal is transmitted through the
second scan line.

25. The organic light emitting display of claim 22, wherein

the sixth NMOS transistor is configured to transfer a first

voltage from the first power source to the second node
when a first scan signal from among the scan signals is
transmitted through the first scan line,

the fourth NMOS transistor is configured to transfer a data

signal from among the data signals transmitted through
the data line to the first node when a third scan signal
from among the scan signals is transmitted through the
third scan line,

the second NMOS transistor is configured to diode-con-

nect the first NMOS transistor when a second scan signal
from among the scan signals is transmitted through the
second scan line, and

the fifth NMOS transistor is configured to transfer a refer-

ence voltage from a reference power source to the first
node when the second scan signal is transmitted through
the second scan line.

26. The organic light emitting display of claim 25, wherein
the scan driver is configured to sequentially supply the first
scan signal, the second scan signal, and the third scan signal
to the pixel circuits in the stated order.
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