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(57) ABSTRACT

A pixel circuit includes: an OLED; a second transistor includ-
ing gate, first, and second terminals coupled to a first scan
line, a data line, and a first node, respectively; a fourth tran-
sistor including gate, first, and second terminals coupled to a
third scan line, the first node, and a second node, respectively;
a third transistor including gate, first, and second terminals
coupled to a second scan line, a reference power source, and
the second node, respectively; a fifth transistor including gate,
first, and second terminals coupled to a light emission control
line, a third node, and an anode of the OLED, respectively; a
first capacitor coupled between the first and second nodes; a
second capacitor coupled between the second and third
nodes; and a first transistor including gate, first, and second

G09G 3/32 (2006.01) terminals coupled to the first node, a first power source, and
GOGF 3/038 (2006.01) the third node, respectively.
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PIXEL CIRCUIT, ORGANIC LIGHT
EMITTING DISPLAY, AND DRIVING
METHOD THEREOF

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2010-0000571, filed on
Jan. 5, 2010, in the Korean Intellectual Property Office, the
entire disclosure of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Embodiments of the present invention relate to a
pixel circuit, an organic light emitting display, and a driving
method thereof.

[0004] 2. Description of the Related Art

[0005] Flat panel displays such as Liquid Crystal Display
(LCD), Plasma Display Panel (PDP) and Field Emission Dis-
play (FED) have been developed to overcome some of the
shortcomings of Cathode Ray Tube (CRT) displays. Among
these flat panel displays, an organic light emitting display is
particularly spotlighted as a next-generation display for its
excellent light emitting efficiency, brightness, wide viewing
angle, and fast response time.

[0006] An organic light emitting display displays an image
by using Organic Light Emitting Diodes (OLEDs) which
generate light by the recombination of electrons and holes.
The organic light emitting display has merits such as fast
response time and low power consumption.

SUMMARY

[0007] Aspects of embodiments according to the present
invention are directed toward a pixel circuit, an organic light
emitting display and a method thereof for solving the prob-
lems associated with increasing the size of an organic light
emitting display by separating the initialization period from
the threshold voltage compensation period.

[0008] According to an aspect of embodiments according
to the present invention, there is provided a pixel circuit
including an organic light emitting diode; a second transistor
including a gate terminal, a first terminal, and a second ter-
minal coupled to a first scan line, a data line, and a first node,
respectively; a fourth transistor including a gate terminal, a
first terminal, and a second terminal coupled to a third scan
line, the first node, and a second node, respectively; a third
transistor including a gate terminal, a first terminal, and a
second terminal coupled to a second scan line, a reference
power source, and the second node, respectively; a fifth tran-
sistor including a gate terminal, a first terminal, and a second
terminal coupled to a light emission control line, a third node,
and an anode of the organic light emitting diode, respectively;
a first capacitor coupled between the first node and the second
node; a second capacitor coupled between the second node
and the third node; and a first transistor including a gate
terminal, a first terminal, and a second terminal coupled to the
first node, a first power source, and the third node, respec-
tively, the first transistor being configured to supply a current
to the organic light emitting diode.

[0009] The pixel circuit may be configured to sequentially
receive a first scan signal, a second scan signal, and a third
scan signal from the first, second, and third scan lines respec-
tively.

Jul. 7,2011

[0010] The pixel circuit may be configured to receive the
second scan signal one horizontal time period after a start of
the first scan signal, and to receive the third scan signal two
horizontal time periods after a start of the second scan signal.

[0011] The second transistor may be configured to apply a
data signal from the data line to the first node when a first scan
signal is applied to the first scan line.

[0012] The third transistor may be configured to apply a
voltage of the first power source to the second node when a
second scan signal is applied to the second scan line.

[0013] The fourth transistor may be configured to electri-
cally couple the first node and the second node when a third
scan signal is applied to the third scan line.

[0014] The fifth transistor may be configured to supply the
current to the organic light emitting diode when a light emis-
sion control signalis applied to the light emission control line.

[0015] The pixel circuit may be configured to receive, dur-
ing a first period, a data signal from the data line, the first scan
signal, the second scan signal, and the light emission control
signal each having a first voltage level, and the third scan
signal having a second voltage level; to receive, during a
second period, the first scan signal, the third scan signal, and
the light emission control signal each having the second volt-
age level, and the second scan signal having the first voltage
level; and to receive, during a third period, the light emission
control signal having the first voltage level, and the first scan
signal, the second scan signal, and the third scan signal each
having the second voltage level.

[0016] The first voltage level may be a turn-on level of the
first, second, third, fourth, and fifth transistors, and the second
voltage level may be a turn-offlevel of the first, second, third,
fourth, and fifth transistors.

[0017] The first, second, third, fourth, and fifth transistors
may be N-type metal oxide semiconductor transistors.

[0018] According to another aspect of embodiments
according to the present invention, there is provided an
organic light emitting display including a scan driver config-
ured to supply scan signals to scan lines and to supply light
emission control signals to light emission control lines; a data
driver configured to supply data signals to data lines; and a
plurality of pixel circuits each located at crossing regions of
the scan lines, the light emission control lines, and the data
lines, wherein each of the pixel circuits includes an organic
light emitting diode; a second transistor including a gate
terminal, a first terminal, and a second terminal coupled to a
first scan line ofthe scan lines, a data line of the data lines, and
a first node, respectively; a fourth transistor including a gate
terminal, a first terminal, and a second terminal coupled to a
third scan line of the scan lines, the first node, and a second
node, respectively; a third transistor including a gate terminal,
a first terminal, and a second terminal coupled to a second
scan line of the scan lines, a reference power source, and the
second node, respectively; a fifth transistor including a gate
terminal, a first terminal, and a second terminal coupled to a
light emission control line of the light emission control lines,
athird node, and an anode of the organic light emitting diode,
respectively; a first capacitor coupled between the first node
and the second node; a second capacitor coupled between the
second node and the third node; and a first transistor including
agateterminal, a first terminal, and a second terminal coupled
to the first node, a first power source, and the third node,
respectively, the first transistor being configured to supply a
current to the organic light emitting diode.
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[0019] The scan driver may be configured to output first,
second, and third scan signals from among the scan signals
from the first, second, and third scan lines, respectively.
[0020] The scan driver may be configured to output the
second scan signal after delaying the second scan signal for
onehorizontal time period after a start of the first scan signal,
and to output the third scan signal after delaying the third scan
signal for two horizontal time periods after a start of the
second scan signal.

[0021] The organic light emitting display may further
include emission control lines, wherein the scan driver, the
data driver, and the emission control driver may be configured
to: during a first period where a data signal is applied from the
data line, apply a first scan signal from among the scan sig-
nals, a second scan signal from among the scan signals, and
the light emission control signal from among the light emis-
sion control signals, each of the first scan signal, the second
scan signal, and the light emission control signal having a first
voltage level, and apply a third scan signal having a second
voltage level from among the scan signals; during a second
period, apply the first scan signal, the third scan signal, and
the light emission control signal each having the second volt-
age level, and apply the second scan signal having the first
voltage level; and during a third period, apply the light emis-
sion control signal having the first voltage level, and apply the
first scan signal, the second scan signal, and the third scan
signal each having the second voltage level.

[0022] The first voltage level may be a turn-on level of the
first, second, third, fourth, and fifth transistors, and the second
voltage level may be a turn-off level of the first, second, third,
fourth, and fifth transistors.

[0023] According to another aspect of embodiments
according to the present invention, there is provided a method
of driving a pixel circuit which includes an organic light
emitting diode; a second transistor including a gate terminal,
a first terminal, and a second terminal coupled to a first scan
line, a data line, and a first node, respectively; a fourth tran-
sistor including a gate terminal, a first terminal, and a second
terminal coupled to a third scan line, the first node, and a
second node, respectively; a third transistor including a gate
terminal, a first terminal, and a second terminal coupled to a
second scan line, a reference power source, and the second
node, respectively; a fifth transistor including a gate terminal,
a first terminal, and a second terminal coupled to a light
emission control line, a third node, and an anode of the
organic light emitting diode, respectively; a first capacitor
coupled between the first node and the second node; a second
capacitor coupled between the second node and the third
node; and a first transistor including a gate terminal, a first
terminal, and a second terminal coupled to the first node, a
first power source, and the third node, respectively, the first
transistor being configured to supply a current to the organic
light emitting diode, the method including writing data to the
pixel circuit and initializing the pixel circuit by applving a
data signal from the data line, and turning on the second,
third, and fifth transistors, and turning off the fourth transis-
tor, wherein the second, third, and fifth transistors are turned
on by respectively applying a first scan signal, a second scan
signal and a light emission control signal each having a first
voltage level, and the fourth transistor is turned off by apply-
ing a third scan signal having a second voltage level; com-
pensating for a threshold voltage of the first transistor by
turning off the second transistor, the fourth transistor, and the
fifth transistor and turning on the third transistor, wherein the
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second transistor, the fourth transistor, and the fifth transistor
are turned off by respectively applying the first scan signal,
the third scan signal, and the light emission control signal
each having the second voltage level, and the third transistor
is turned on by applying the second scan signal having the
first voltage level; and lighting the organic light emitting
diode by turning on the fifth transistor and turning off the
second, third, and fourth transistors, wherein the fifth transis-
tor is turned on by applying the light emission control signal
having the first voltage level, and the second, third, and fourth
transistors are turned off by respectively applying the first
scan signal, the second scan signal, and the third scan signal
of the second voltage level.

[0024] The first voltage level may be a turn-on level of the
first, second, third, fourth, and fifth transistors, and the second
voltage level may be a turn-offlevel of the first, second, third,
fourth, and fifth transistors.

[0025] The first, second, and third scan signals may be
sequentially applied.

[0026] The second scan signal may be applied one horizon-
tal time period after a start of the first scan signal, and the third
scan signal may be applied two horizontal time periods after
a start of the second scan signal.

[0027] The first, second, third, fourth, and fifth transistors
may be N-type metal oxide semiconductor transistors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve to
explain the principles of the present invention.

[0029] FIG. 1 is a conceptual diagram of an organic light
emitting diode;
[0030] FIG. 2is acircuit diagram of a pixel circuit that may

be driven using a voltage driving method,;

[0031] FIG. 3isa schematic diagram illustrating an organic
light emitting display according to one embodiment of the
present invention,;

[0032] FIG. 4is a circuit diagram illustrating a pixel circuit
that may be used as the pixel circuit illustrated in FIG. 3,
according to one embodiment of the present invention;
[0033] FIG. 5is atiming diagram of driving waveforms that
are used with the pixel circuit illustrated in FIG. 4 in one
embodiment of the present invention;

[0034] FIG. 6is a schematic diagram illustrating an organic
light emitting display according to one embodiment of the
present invention;

[0035] FIG. 7 is a circuit diagram illustrating another pixel
circuit that may be used as the pixel circuit illustrated in FIG.
6, according to one embodiment of the present invention; and
[0036] FIG. 8is atiming diagram of driving waveforms that
are used with the pixel circuit illustrated in FIG. 7 in one
embodiment of the present invention.

DETAILED DESCRIPTION

[0037] In the following detailed description, only certain
exemplary embodiments of the present invention are shown
and described, by way of illustration. As those skilled in the
art would recognize, the invention may be embodied in many
different forms and should not be construed as being limited
to the embodiments set forth herein. Like reference numerals
designate like elements throughout the specification.
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[0038] Generally, an organic light emitting display emits
light by electrically exciting a fluorescent organic compound,
and is designed to display an image by driving a plurality of
organic light emitting cells arranged in a matrix form with a
voltage or current. Since an organic light emitting cell has
properties of a diode, the organic light emitting cell is referred
to as an organic light emitting diode (OLED).

[0039] FIG.1is a conceptual diagram of an OLED.
[0040] Referring to FIG. 1, the OLED includes an anode
(composed of, e.g., ITO), an organic thin film and a cathode
(composed of, e.g., metal). The organic thin film includes an
emitting layer (EML), an electron transport layer (ETL) and
a hole transport layer (HTL) for improving the light emitting
efficiency through the improvement of balance of electrons
and holes. In addition, the organic thin film may further
include a hole injecting layer (HIL) and/or an electron inject-
ing layer (EIL).

[0041] An OLED having a structure as described above
may be driven according to a passive matrix driving method
or an active matrix driving method. According to the passive
matrix driving method, the positive and negative electrodes
are formed to cross each other, and a line is selected for the
driving. The active matrix driving method uses a thin firm
transistor (TFT) or a metal-oxide-semiconductor field-effect
transistor (MOSFET). According to the active matrix driving
method, the TFT is coupled to an indium tin oxide (ITO) pixel
electrode, and the driving is performed according to a voltage
maintained by a capacitor coupled to a gate of the TFT.
Among the kinds of active matrix driving methods, thereis a
voltage driving method. According to the voltage driving
method, a signal is inputted for storing and maintaining a
voltage in the capacitor, wherein the signal is in a form of a
voltage.

[0042] FIG.2isacircuit diagram of a pixel circuit that may
be driven using the voltage driving method.

[0043] Referring to FIG. 2, a switching transistor M2 is
turned on by a scan signal from a scan line Sn, and a data
voltage from a data line Dm is transferred to a gate of'a driving
transistor M1 in response to the turn-on of the switching
transistor M2, and a potential difference of the data voltage
and a power supply voltage VDD is stored in a capacitor C1
coupled between the gate and a source of the driving transis-
tor M1. Due to the potential difference (e.g., between the gate
and the source of the driving transistor), a driving current
lorep flows to the OLED, and thus the OLED emits light.
According to a level of the data voltage applied at this time, a
display with gradation of light and shade (or dark) is possible.
[0044] However, a plurality of driving transistors M1 of a
plurality of pixel circuits P may have different threshold
voltages. If the threshold voltages of the driving transistors
M1 are different from one another, an amount of current
outputted from each of the driving transistors of the pixel
circuits P is different, and thus the image may not be uni-
formly displayed. The threshold voltage variation of the driv-
ing transistors M1 may become more serious as the size of the
organic light emitting display is increased (e.g., as the number
of pixels is increased). This may cause degradation of picture
quality of the organic light emitting display. Therefore, the
threshold voltages of the driving transistors in the pixel cir-
cuits should be compensated for to provide an organic light
emitting display having uniform picture quality.

[0045] There are various circuits used for compensating for
the threshold voltage of the transistor (e.g., the driving tran-
sistor) in the pixel circuit. Most of these circuits perform an

Jul. 7,2011

initialization operation and the transistor threshold voltage
compensation operation concurrently (or simultaneously) for
a constant period of time. In this case, unwanted light emis-
sion may occur during the initialization, and thus contrast
ratio (C/R) may become worse (e.g., decrease). Also, as the
organic light emitting display increases in resolution and in
size, the load of initialization time increases (e.g., more time
is required to initialize the larger number of pixels). There-
fore, when concurrently (or simultaneously) performing the
initialization and the driving transistor threshold voltage
compensation, the time substantially required for the initial-
ization may be relatively shortened (e.g.. to maintain a higher
frame rate, the time allowed for initialization may be short-
ened, thereby allowing each pixel less time to initialize).
However, because the initialization operation and the thresh-
old voltage compensation voltage occur concurrently, the
shortened initialization time may not be sufficient time for
accurate threshold voltage compensation. One way to solve
or reduce this problem is to provide a pixel circuit which
operates with separate initialization and threshold voltage
compensation times (which may overlap).

[0046] FIG. 3 is a schematic diagram illustrating an organic
light emitting display 300 according to one embodiment of
the present invention.

[0047] Referring to FIG. 3, the organic light emitting dis-
play 300 according to one embodiment includes a display unit
310, a first scan driver 302, a second scan driver 304, a data
driver 306, and a power driver 308.

[0048] The display unit 310 includes nxm pixel circuits P,
n+1 second scan lines S21 to S2z+1, m data lines D1 to Dm,
n first scan lines S11 to Sz, a first power line (e.g., see FIG.
4) and a second power line (not shown). Each ofthe nxm pixel
circuits P includes an organic light emitting diode (not
shown). The n+1 second scan lines S21 to S2n+1 are arranged
in (or extend in) a row direction and transfer second scan
signals. The m data lines D1 to Dm are arranged in (or extend
in) a column direction and transfer data signals. The n first
scan lines S11 to Sin are arranged in (or extend in) a row
direction and transfer first scan signals. The first and second
power lines transfer power.

[0049] The display unit 310 displays an image by lighting
the organic light emitting diodes (not shown) according to the
second scan signals, the data signals, the first scan signals, a
first power ELVDD (e.g., from a first power source) and a
second power ELVSS (e.g., from a second power source).
[0050] The first scan driver 302 is coupled to the first scan
lines S11 to S1r and applies the first scan signals to the
display unit 310.

[0051] The second scan driver 304 is coupled to the second
scan lines S21 to S2r+1 and applies the second scan signals to
the display unit 310.

[0052] Thedatadriver 306 is coupled to the datalines D1 to
Dm and applies the data signals to the display unit 310. The
data driver 306 supplies data voltages to the pixel circuits P
during a programming period.

[0053] The power driver 308 applies the first power
ELVDD and the second power ELVSS to each pixel circuit P.
Herein, the second power ELVSS may be grounded.

[0054] FIG. 4is a circuit diagram illustrating a pixel circuit
that may be used as the pixel circuit P illustrated in FIG. 3,
according to one embodiment of the present invention. For
the sake of convenience, FIG. 4 illustrates the pixel circuit P
receiving an nth second scan signal S2[#] from the nth second
scan line S2z, an n+1th second scan signal S2[r+1] from the
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n+1th second scan line S2z+1, an nth first scan signal S1[z]
from the nth first scan line S1z and the mth data signal
DATA[m] from the mth data line Dm.

[0055] Referring to FIG. 4, an anode of the OLED is
coupled to a third node N3, and a cathode is coupled to the
second power ELVSS (or the second power source). In this
form, the OLED generates light with a brightness (e.g., a
predetermined brightness) corresponding to the amount of
current supplied by a first transistor T1, i.e., a driving transis-
tor.

[0056] A gate terminal, a drain terminal, and a source ter-
minal of a second transistor T2 are respectively coupled to the
nth second scan line S2r, the data line Dm, and a second node
N2. The second transistor T2 is turned on when the second
transistor T2 receives an nth second scan signal S2[#], i.e., a
voltage signal of a high level, from the nth second scan line
S2n, and transfers the data signal DATA[m], ie., a voltage
signal (e.g., a predetermined voltage signal), from the data
line Dm to the second node N2.

[0057] A gate terminal, a drain terminal, and a source ter-
minal of a third transistor T3 are respectively coupled to the
nth second scan line S2#, a first reference voltage Vref (e.g.,
a first reference voltage source), and a first node N1. The third
transistor T3 is turned on when the third transistor T3 receives
the nth second scan signal S2[#], i.e., the high level voltage
signal, from the nth second scan line S2», and a voltage of the
first reference voltage Vref is applied to the first node N1.
[0058] A gate terminal, a drain terminal, and a source ter-
minal of a fifth transistor T5 are respectively coupled to the
nth first scan line S1z, a second reference voltage Vinit, and
the third node N3. The fifth transistor T5 is turned on when the
fifth transistor T5 receives the first scan signal S1[#], i.e., the
high level voltage signal, from the nth first scan line S1», and
a voltage of the second reference voltage Vinit is applied to
the third node N3.

[0059] A gate terminal, a drain terminal, and a source ter-
minal of a fourth transistor T4 are respectively coupled to the
n+1th second scan line S2r+1, the first node N1, and the
second node N2. The fourth transistor T4 is turned on when
the fourth transistor T4 receives the n+1th second scan signal
S2[n+1], i.e., the high level voltage signal, from the n+1th
second scan line S2r+1, and electrically couples the first node
N1 and the second node N2.

[0060] A first capacitor C1 is coupled between the first
node N1 and the second node N2, and a second capacitor C2
is coupled between the second node N2 and the third node N3.
[0061] A gate terminal and a drain terminal of a first tran-
sistor T1 are respectively coupled to the first node N1 and the
first power ELVDD. A source electrode of the first transistor
T1 is commonly coupled to the third node N3 and the anode
of the OLED. The first transistor T1 supplies the driving
current 1 ,; o, to the OLED. Herein, the driving current [,
is determined according to a voltage difference Vgs between
the gate terminal and the source electrode of the first transistor
T1,1.e., the driving transistor. When the voltage Vgs between
the gate terminal and the source electrode of the first transistor
T1 is greater than a critical (or threshold) voltage Vith, the first
transistor T1 supplies the driving current I, ., to the OLED.
[0062] Inanembodimentofthe present invention, all of the
first to fifth transistors T1 to TS are NMOS transistors. An
NMOS transistor is an N-type metal oxide semiconductor
transistor that is turned off and turned on when a level state (or
voltage level) of a control signal (e.g., a voltage signal) isat a
low level (e.g., a low voltage level) and at a high level (e.g., a

Jul. 7,2011

high voltage level), respectively. In comparison with a PMOS
transistor, the NMOS transistor has a faster operation speed,
and thus it is used in one embodiment for manufacturing (or
suitable for use in) a large screen display.

[0063] A driving process of the pixel circuit P illustrated in
FIG. 4 is described in detail with reference to FIG. 5. FIG. 5
is a timing diagram of driving waveforms that are used with
the pixel circuit of FIG. 4 in one embodiment of the present
invention.

[0064] Referring to FIG. 5, a first period is an initialization
period where the nth first scan signal S1[{#] applied to the nth
first scan line S1z and an nth second scan signal S2[7] applied
to the nth second scan line S2» become a high level (or have
a high voltage level), and thus the first node N1, the second
node N2, and the third node N3 are initialized to the first
reference voltage Vref, the data signal DATA[m], and the
second reference voltage Vinit, respectively. A second period
is a data writing and threshold voltage compensation period
for compensating for the threshold voltage Vth of the driving
transistor, i.e., the first transistor T1. In the second period, the
second scan signal S2[#] applied to the nth second scan line
S2n remains at a high level and the first scan signal S1[x]
applied to the nth first scan line S1# transitions to a low level,
and thus the data signal DATA[m] is stored in the first capaci-
tor C1 and a voltage corresponding to the threshold voltage
Vth of the first transistor T1 is transferred to the third node
N3. A third period is a light emitting period where the n+1th
second scan signal S2[r+1] applied to the n+1th second scan
line S2r+1 becomes a high level and the nth second scan
signal S2[z] applied to the nth second scan line S2# transi-
tions to a low level, and thus the current which corresponds to
the voltage difference Vgs between the gate terminal and the
source terminal of the first transistor T1, i.e., the driving
current [ zp, 18 supplied to the OLED so that the OLED
emits light.

[0065] Referring to FIGS. 4 and 5, the switching operation
and driving operation of the transistors in each period are
described in detail.

[0066] In the first period, as the data signal DATA[m] is
applied, when the first scan signal Si[n] applied to the nth first
scan line Si n and the nth second scan signal S2[#] applied to
the nth second scan line S2r are applied in a high level, the
second transistor T2, the third transistor T3, and the fifth
transistor TS are turned on, and thus the second node N2, the
first node N1 and the third node N3 are respectively initialized
to the data signal DATA[m], the first reference voltage Vref,
and the second reference voltage Vinit.

[0067] Inthe second period, as the data signal DATA[m] is
applied, and when the nth second scan signal S2[r] applied to
the nth second scan line S2r remains at a high level and the
nth first scan signal S1[#] applied to the nth first scan line S1r
transitions to a low level, the fifth transistor T5 is turned off,
and thus a voltage corresponding to the threshold voltage Vth
of the first transistor T1 is transferred to the third node N3.
Herein, the voltage difference Vgs between the gate terminal
and the source terminal of the first transistor T1 is Vdata-
Vref+Vth. Herein, the first reference voltage Vref is a low
voltage so that a current does not flow to the OLED, and the
second reference voltage Vinit is sufficiently lower voltage
than Vref-Vth. Accordingly, the above-mentioned voltages
have a relationship wherein ELVDD>Vdata>Vref>Vinit.
[0068] In the third period, when the n+1th second scan
signal S2[n+1] is applied to the n+1th second scan line S2n+
1, the fourth transistor T4 is turned on, and the first node N1
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and the second node N2 are short-circuited, and a higher
voltage than the threshold voltage Vth of the first transistor T1
is applied so that the first transistor T1 is turned on. The
driving current I ,; -, which flows to the OLED is determined
according to the following Equation 1.
Torep=K({ Vgs_ Vth)z
where K is a constant value determined by the mobility and
parasitic capacitance of a driving transistor, and Vgs is the
voltage difference between the gate terminal and the source
terminal of the driving transistor, and the Vith is the threshold
voltage of the driving transistor. Herein, the Vgs is a voltage
difference between the first node N1 and the third node N3,
i.e., the voltage difference between the gate terminal and the
source terminal of the first transistor T1.
[0069] By applying the previously mentioned value of the
Vgs to Equation 1, Equation 2 is obtained.

Equation 1

Torep™KY gura Vet Ve Vth)2

Lorep=™KVgaa= Vref)z Equation 2

[0070] Through Equation 2, it may be ascertained that the
driving current I, ., which flows to the OLED is determined
by the first reference voltage Vref and the data voltage Vdata.
That is, it may be ascertained that the current flows regardless
of (i.e., does not depend on) the threshold voltage Vth of the
first transistor T1.

[0071] FIG. 6isa schematic diagram illustrating an organic
light emitting display 300" according to one embodiment of
the present invention. Detailed descriptions of some features
that are similar to those previously discussed in reference to
another embodiment will not be repeated.

[0072] Referring to FIG. 6, the organic light emitting dis-
play 300" according to one embodiment includes a display
unit 310, a scan driver 304', an emission control driver 302, a
data driver 306, and a power driver 308.

[0073] The display unit 310" includes nxm pixel circuits P,
n+1 scan lines S1 to Sn+1, m data lines D1 to Dm, n light
emission control lines E1 to En, a first power line (not shown)
and a second power line (not shown). Each of the nxm pixel
circuits P includes an organic light emitting diode (not
shown). The n+1 scan lines S1 to Sn+1 are arranged in (or
extend in) a row direction and transfer scan signals. The m
data lines D1 to Dm are arranged in (or extend in) a column
direction and transfer data signals. The n light emission con-
trol lines E1 to En are arranged in (or extend in) a row
direction and transfer light emission control signals. The first
and second power lines transfer power.

[0074] The display unit 310 displays an image by lighting
the organic light emitting diodes according to the scan sig-
nals, the data signals, the light emission control signals, a first
power ELVDD and a second power ELVSS.

[0075] The scan driver 304' is coupled to the scan lines 51
to Sn+1 and applies the scan signals to the display unit 310.
[0076] The emission control driver 302' is coupled to the
light emission control lines F1 to En and applies the light
emission control signals to the display unit 310.

[0077] FIG.7is acircuit diagram illustrating a pixel circuit
that may be used as the pixel circuit P of the display panel
illustrated in FIG. 6, according to one embodiment of the
present invention. In FIG. 7, for the sake of convenience, scan
signals from the scan lines that are sequentially delayed and
outputted are respectively illustrated as a first scan signal
S[n], a second scan signal S[n+1], and a third scan signal
S[n+3], and the pixel circuit P receives a light emission con-
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trol signal EM[n] and an mth data signal DATA[m]. For
example, when a pixel on the first row is driven, it receives the
first scan signal from scan line S1, the second scan signal
from scan line S2, the third scan signal from scan line S4, and
the light emission control signal from the light emission con-
trol line E1.

[0078] Referring to FIG. 7, an anode of the OLED is
coupled to a source terminal of a fifth transistor T5, and a
cathode is coupled to a second power ELVSS. In this form, the
OLED generates light with a brightness (e.g., a predeter-
mined brightness) corresponding to the amount of current
supplied by a first transistor T1, i.e., a driving transistor.
[0079] A gate terminal, a drain terminal, and a source ter-
minal ofa second transistor T2 are respectively coupled to the
first scan line (e.g., S1), the data line Dm, and a first node N1.
The second transistor T2 is turned on when the second tran-
sistor T2 receives a first scan signal S[n], i.e., a high level
signal, from the first scan line, and transfers a data signal
DATA[m] to the first node N1.

[0080] A gate terminal, a drain terminal, and a source ter-
minal of a fourth transistor T4 are respectively coupled to the
third scan line (e.g., S4), a second node N2, and the first node
N1. The fourth transistor T4 is turned on when the fourth
transistor T4 receives a third scan signal S[n+3], i.e., a high
level signal, from the third scan line, and electrically couples
the first node N1 and the second node N2.

[0081] A gate terminal, a drain terminal, and a source ter-
minal of a third transistor T3 are respectively coupled to the
second scan line (e.g., S2), a first reference voltage Vref, and
the second node N2. The third transistor T3 is turned on when
the third transistor T3 receives a second scan signal S[n+1],
i.e.,a high level signal, from the second scan line, and the first
reference voltage Vref is applied to the second node N2.
[0082] A gate terminal, a drain terminal, and the source
terminal of the fifth transistor T5 are respectively coupled to
a light emission control line E1, the third node N3, and the
anode of the OLED. The fifth transistor T5 is turned on when
the fifth transistor T5 receives a light emission control signal
EM]n], i.e., a high level signal, from the light emission con-
trol line E1, and transfers a driving current I, ., to the
OLED.

[0083] A first capacitor C1 is coupled between the first
node N1 and the second node N2, and a second capacitor C2
is coupled between the second node N2 and the third node N3.
The first capacitor C1 maintains a voltage between the first
node N1 and the second node N2, and the second capacitor C2
maintains a voltage between the second node N2 and the third
node N3.

[0084] A gate terminal, a drain terminal, and a source ter-
minal of the first transistor T1 are respectively coupled to the
first node N1, a first power ELVDD, and the third node N3.
When a voltage Vgs between the gate terminal and the source
terminal of the first transistor T1 is greater than a threshold
voltage Vth, the first transistor T1 transfers the driving current
1o =p for driving the OLED.

[0085] Inanembodiment of the present invention, all of the
first to fifth transistors T1 to T5 are NMOS transistors. The
NMOS transistor is an N-type metal oxide semiconductor
transistor that is turned off and turned on when a level state (or
voltage level) of a control signal is at a low level and at a high
level, respectively. In comparison with a PMOS transistor, the
NMOS transistor has a faster operation speed, and thus it is
used in one embodiment for manufacturing (or are suitable
for use in) a large screen display.
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[0086] A driving process of the pixel circuit P illustrated in
FIG. 7 is described in detail with reference to FIG. 8. FIG. 8
is a timing diagram of driving waveforms that are used with
the pixel circuit of FIG. 7 according to one embodiment of the
present invention.

[0087] Referring to FIG. 8, the first scan signal S[n], the
second scan signal S[n+1], and the third scan signal S[n+3]
are outputted from the scan driver 304 after being delayed
from one ofthe scan lines S1to Sn+1. Herein, the second scan
signal S[n+1] is outputted one horizontal time period 1H
(e.g., one clock signal) after the start of the first scan signal
S[n], and the third scan signal S[n+3] is outputted two hori-
zontal time periods 2H after the start of the second scan signal
S[n+1].

[0088] As illustrated in FIG. 8, according to a data signal
DATA[m] applied during one horizontal time period, the first,
second, and third scan signals S[n], S[n+1], and S[n+3] (each
of which having a length of two horizontal time periods 2H)
are applied. In a period where the first scan signal S[n] and the
second scan signal S[n+1], which is delayed for one horizon-
tal time period and then outputted, overlap in a high level and
the light emission control signal Em[n] remains at a high
level, e.g., during a first period, data writing and initializing
operations are performed. Also, a period where the first scan
signal S[n] and the light emission control signal Em[n] tran-
sition to a low level and the second scan signal S[n+1], which
1s delayed for 1 horizontal time period and then outputted,
remains at a high level, e.g., a threshold voltage compensation
period, is performed for one horizontal time period (1H).
Accordingly, by increasing a high level maintaining period of
the scan signal to be two horizontal periods (2H) or longer, the
threshold voltage compensation period may be increased to
be more than one horizontal period (1H). Therefore, in the
case of driving the pixel circuit P at a high speed, the effect of
the threshold voltage compensation (e.g., the time length of
the threshold voltage compensation period) may be
increased.

[0089] Referring to FIG. 8 again, the first period is a data
writing and initialization period. In the first period, when a
valid data signal DATA[m] is applied from the data line Dm,
and the first scan signal S[n], the second scan signal S[n+1]
and the light emission control signal EM[n] are applied in a
high level, the second transistor T2, the third transistor T3,
and the fifth transistor T5 are turned on. As the second tran-
sistor T2 is turned on, the data signal DATA[m] is transferred
to the first node N1. As the third transistor T3 is turned on, the
voltage of the first reference voltage Vref is applied to the
second node N2. Also, as the light emission control signal
EM][n] is applied at a high level, the driving current flows to
the OLED and voltage of the anode ofthe OLED is applied to
the third node N3, wherein the voltage of the anode of the
OLED s avalue wherein the OLED emits light. Accordingly,
the first, second and third nodes N1, N2 and N3 are respec-
tively initialized to a voltage corresponding to the data signal
DATA[m], the voltage of the first reference voltage Vref, and
the voltage of the anode of the OLED during the emission of
light.

[0090] A second period is the threshold voltage compensa-
tion period for compensating for a threshold voltage Vth,
where the second scan signal S[n+1] remains at a high level
(e.g., a high voltage level), and the first scan signal S[n] and
the light emission control signal EM[n] transition to a low
level (e.g.. a low voltage level). The third transistor T3
remains in a turned-on state, and the second and fifth transis-
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tors T2 and T5 are turned off. Accordingly, the voltages of the
first and the second nodes N1 and N2 do not change, and they
keep the previously applied voltages Vdata and Vref. In
accordance with the turning off of the fifth transistor T5, the
voltage of the third node N3 is increased from the anode
voltage to Vdata—Vth.

[0091] A third period is a light emitting period where when
the light emission control signal EM[n] transitions to a high
level, and the first to third scan signals are applied in a low
level, all ofthe second to fourth transistors T2 to T4 are turned
off and the fifth transistor T5 is turned on. Prior to the third
period, when the third scan signal S[n+3] is applied in a high
level, the fourth transistor T4 is turned on, and thus the first
node N1 and the second node N2 are short-circuited, and the
voltage difference between the gate terminal and the source
terminal of the first transistor T1, i.e., the Vgs, is made to be
Vref-Vdata+Vth and stored into the second capacitor C2.
Also, if the light emission control signal EM[n] is applied in
a high level, the Vgs of the first transistor T1 increases over
the threshold voltage so that the driving current I, o, flows to
the OLED.

[0092] By applying the previously mentioned value of the
Vgs to Equation 1. the driving current I, .., is represented as
the following Equation 3.

Torep=K(Vom Viatal” Equation 3

[0093] Through Equation 3, it may be ascertained that the
driving current I ,; -, which flows to the OLED is determined
by the first reference voltage Vref and the data voltage Vdata.
That 1s, it may be ascertained that the current flows regardless
of (e.g., does not depend on) the threshold voltage Vth of the
first transistor T1.

[0094] Also, unlike the pixel circuit P illustrated in FIGS. 4
and 5, the pixel circuit P illustrated in FIGS. 6 and 7 performs
the initialization with the threshold voltage compensation
operation. Accordingly, when a large-sized panel with a high
resolution is driven, a potential shortcoming of insufficient
threshold voltage compensation time due to shortened scan
time may be overcome. This shortcoming causes degradation
of the threshold voltage compensation performance, which
results in non-uniform brightness. Also, without using a scan
signal and the other scan signal lines, i.¢., S1 and S2, using
only one scan line for driving one pixel circuit (or row of pixel
circuits) may be suitable for realizing a large-sized display.
Also, by using the light emission control signal, the light
emission period may be freely determined.

[0095] According to embodiments of the present invention,
the problems associated with increasing the size and resolu-
tion of an organic light emitting display can be reduced or
solved by separating the initialization period and the thresh-
old voltage compensation period from each other, and the
threshold voltage of the driving transistor is compensated for
so that an image with a uniform brightness can be displayed.
[0096] Although the detailed specification and the draw-
ings have been limited to the NMOS transistor, they may be
applicable to the case of using a PMOS transistor (PMOS-
inverted OLED structure).

[0097] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but on the contrary is intended to cover various
modifications and equivalent arrangements included within
the spirit and scope of the appended claims, and equivalents
thereof.



US 2011/0164016 Al

What is claimed is:

1. A pixel circuit comprising:

an organic light emitting diode;

a second transistor comprising a gate terminal, a first ter-
minal, and a second terminal coupled to a first scan line,
a data line, and a first node, respectively;

a fourth transistor comprising a gate terminal, a first termi-
nal, and a second terminal coupled to a third scan line,
the first node, and a second node, respectively;

a third transistor comprising a gate terminal, a first termi-
nal, and a second terminal coupled to a second scan line,
a reference power source, and the second node, respec-
tively,

afifth transistor comprising a gate terminal, a first terminal,
and a second terminal coupled to a light emission control
line, a third node, and an anode of the organic light
emitting diode, respectively;

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

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

afirst transistor comprising a gate terminal, a first terminal,
and a second terminal coupled to the first node, a first
power source, and the third node, respectively, the first
transistor being configured to supply a current to the
organic light emitting diode.

2. The pixel circuit of claim 1, wherein the pixel circuit is
configured to sequentially receive a first scan signal, a second
scan signal, and a third scan signal from the first, second, and
third scan lines, respectively.

3. The pixel circuit of claim 2, wherein the pixel circuit is
configured to receive the second scan signal one horizontal
time period after a start of the first scan signal, and to receive
the third scan signal two horizontal time periods after a start
of the second scan signal.

4. The pixel circuit of claim 1, wherein the second transis-
tor is configured to apply a data signal from the data line to the
first node when a first scan signal is applied to the first scan
line.

5. The pixel circuit of claim 1, wherein the third transistor
is configured to apply a voltage of the first power source to the
second node when a second scan signal is applied to the
second scan line.

6. The pixel circuit of claim 1, wherein the fourth transistor
is configured to electrically couple the first node and the
second node when a third scan signal is applied to the third
scan line.

7. The pixel circuit of claim 2, wherein the fifth transistor is
configured to supply the current to the organic light emitting
diode when a light emission control signal is applied to the
light emission control line.

8. The pixel circuit of claim 7, wherein the pixel circuit is
configured:

to receive, during a first period, a data signal from the data
line, the first scan signal, the second scan signal, and the
light emission control signal each having a first voltage
level, and the third scan signal having a second voltage
level;

to receive, during a second period, the first scan signal, the
third scan signal, and the light emission control signal
each having the second voltage level, and the second
scan signal having the first voltage level; and

to receive, during a third period, the light emission control
signal having the first voltage level, and the first scan
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signal, the second scan signal, and the third scan signal

each having the second voltage level.

9. The pixel circuit of claim 8, wherein the first voltage
level is a turn-on voltage level of the first, second, third,
fourth, and fifth transistors, and the second voltage level is a
turn-off level of the first, second, third, fourth, and fifth tran-
sistors.

10. The pixel circuit of claim 1, wherein the first, second,
third, fourth, and fifth transistors are N-type metal oxide
semiconductor transistors.

11. An organic light emitting display comprising:

ascan driver configured to supply scan signals to scan lines

and to supply light emission control signals to light

emission control lines;

a data driver configured to supply data signals to data lines;

and

aplurality of pixel circuits each located at crossing regions

of the scan lines, the light emission control lines, and the

data lines,

wherein each of the pixel circuits comprises:

an organic light emitting diode;

a second transistor comprising a gate terminal, a first
terminal, and a second terminal coupled to a first scan
line of the scan lines, a data line of the data lines, and
a first node, respectively;

a fourth transistor comprising a gate terminal, a first
terminal, and a second terminal coupled to a third scan
line of the scan lines, the first node, and a second node,
respectively;

a third transistor comprising a gate terminal, a first ter-
minal, and a second terminal coupled to a second scan
line of the scan lines, a reference power source, and
the second node, respectively:

a fifth transistor comprising a gate terminal, a first ter-
minal, and a second terminal coupled to a light emis-
sion control line of the light emission control lines, a
third node. and an anode of the organic light emitting
diode, respectively;

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

asecond capacitor coupled between the second node and
the third node; and

a first transistor comprising a gate terminal, a first ter-
minal, and a second terminal coupled to the first node,
a first power source, and the third node, respectively,
the first transistor being configured to supply a current
to the organic light emitting diode.

12. The organic light emitting display of claim 11, wherein
the scan driver is configured to sequentially output first, sec-
ond, and third scan signals from among the scan signals from
the first, second, and third scan lines, respectively.

13. The organic light emitting display of claim 12, wherein
the scan driver is configured to output the second scan signal
after delaying the second scan signal for one horizontal time
period after a start of the first scan signal, and to output the
third scan signal after delaying the third scan signal for two
horizontal time periods after a start of the second scan signal.

14. The organic light emitting display of claim 11 further
comprising emission control lines, wherein the scan driver,
the data driver, and the emission control driver are configured
to:

during a first period where a data signal is applied from the

data line, apply a first scan signal from among the scan

signals, a second scan signal from among the scan sig-
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nals, and a light emission control signal from among the
light emission control signals, each of the first scan
signal, the second scan signal, and the light emission
control signal having a first voltage level, and apply a
third scan signal having a second voltage level from
among the scan signals;

during a second period, apply the first scan signal, the third

scan signal, and the light emission control signal each
having the second voltage level, and apply the second
scan signal having the first voltage level; and

during a third period, apply the light emission control

signal having the first voltage level, and apply the first
scan signal, the second scan signal, and the third scan
signal each having the second voltage level.

15. The organic light emitting display of claim 14, wherein
the first voltage level is a turn-on level of the first, second,
third, fourth, and fifth transistors, and the second voltage level
is a turn-off level of the first, second, third, fourth, and fifth
transistors.

16. A method of driving a pixel circuit which comprises: an
organic light emitting diode; a second transistor comprising a
gate terminal, a first terminal, and a second terminal coupled
to a first scan line, a data line, and a first node, respectively; a
fourth transistor comprising a gate terminal, a first terminal,
and a second terminal coupled to a third scan line, the first
node, and a second node, respectively; a third transistor com-
prising a gate terminal, a first terminal, and a second terminal
coupled to a second scan line, a reference power source, and
the second node, respectively; a fifth transistor comprising a
gate terminal, a first terminal, and a second terminal coupled
to alight emission control line, a third node, and an anode of
the organic light emitting diode, respectively; a first capacitor
coupled between the first node and the second node; a second
capacitor coupled between the second node and the third
node; and a first transistor comprising a gate terminal, a first
terminal, and a second terminal coupled to the first node, a
first power source, and the third node, respectively, the first
transistor being configured to supply a current to the organic
light emitting diode, the method comprising:

writing data to the pixel circuit and initializing the pixel

circuit by applying a data signal from the data line, and
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turning on the second, third, and fifth transistors, and
turning off the fourth transistor, wherein the second,
third, and fifth transistors are turned on by respectively
applying a first scan signal, a second scan signal and a
light emission control signal each having a first voltage
level, and the fourth transistor is turned off by applying
a third scan signal having a second voltage level;

compensating for a threshold voltage of the first transistor
by turning off the second transistor, the fourth transistor,
and the fifth transistor and turning on the third transistor,
wherein the second transistor, the fourth transistor, and
the fifth transistor are turned off by respectively apply-
ing the first scan signal, the third scan signal, and the
light emission control signal each having the second
voltage level, and the third transistor is turned on by
applying the second scan signal having the first voltage
level; and

lighting the organic light emitting diode by turning on the

fifth transistor and turning off the second, third, and
fourth transistors, wherein the fifth transistor is turned
on by applying the light emission control signal having
the first voltage level, and the second, third, and fourth
transistors are turned off by respectively applying the
first scan signal, the second scan signal, and the third
scan signal each having the second voltage level.

17. The method of claim 16, wherein the first voltage level
is a turn-on level of the first, second, third, fourth, and fifth
transistors, and the second voltage level is a turn-off level of
the first, second, third, fourth, and fifth transistors.

18. The method of claim 16, wherein the first, second, and
third scan signals are sequentially applied.

19. The method of claim 16, wherein the second scan signal
is applied one horizontal time period after a start of the first
scan signal, and the third scan signal is applied two horizontal
time periods after a start of the second scan signal.

20. The method of claim 16, wherein the first, second,
third, fourth, and fifth transistors are N-type metal oxide
semiconductor transistors.
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