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Description

[0001] The present invention relates to an organic light emitting display and to a pixel of an organic light emitting display.
[0002] Recently, various flat panel displays (FPDs) with reduced weight and volume in comparison to cathode ray
tube (CRT) displays have been developed. The FPDs include liquid crystal displays (LCDs), field emission displays
(FEDs), plasma display panels (PDPs), and organic light emitting displays.
[0003] Among the FPDs, the organic light emitting displays display images using organic light emitting diodes (OLEDs)
that generate light by re-combination of electrons and holes. The organic light emitting display has fast response speed
and is driven with low power consumption.
[0004] FIG. 1 is a circuit diagram illustrating a pixel of an organic light emitting display of the related art.
[0005] Referring to FIG. 1, a pixel 4 of the organic light emitting display includes an organic light emitting diode OLED
and a pixel circuit 2 coupled to a data line Dm and a scan line Sn to control the OLED.
[0006] The anode electrode of the OLED is coupled to the pixel circuit 2, and the cathode electrode of the OLED is
coupled to a second power source ELVSS. The OLED emits light with brightness corresponding to the current supplied
from the pixel circuit 2.
[0007] The pixel circuit 2 controls the amount of current supplied to the OLED to correspond to a data signal supplied
to the data line Dm when a scan signal is supplied to the scan line Sn. Here, the pixel circuit 2 includes a second transistor
M2 coupled between a first power source ELVDD and the OLED, a first transistor M1 coupled to the second transistor
T2, the data line Dm, and the scan line Sn, and a storage capacitor Cst coupled between the gate electrode and the
first electrode of the second transistor T2.
[0008] The gate electrode of the first transistor T1 for performing operations as a switching element is coupled to the
scan line Sn, and the first electrode of the first transistor T1 is coupled to the data line Dm. The second electrode of the
first transistor T1 is coupled to one terminal of the storage capacitor Cst. Here, the first electrode is set as one of a
source electrode and a drain electrode, and the second electrode is set as an electrode different from the first electrode.
For example, when the first electrode is the source electrode, the second electrode is the drain electrode.
[0009] The first transistor T1 coupled to the scan line Sn and the data line Dm is turned on when the scan signal is
supplied from the scan line Sn to supply the data signal supplied from the data line Dm to the storage capacitor Cst. At
this time, the storage capacitor Cst stores the voltage corresponding to the data signal.
[0010] The gate electrode of the second transistor T2 for performing an operation as a driving element is coupled to
one end of the storage capacitor Cst, and the first electrode of the second transistor T2 is coupled to the other terminal
of the storage capacitor Cst and the first power source ELVDD. The second electrode of the second transistor T2 is
coupled to the anode electrode of the OLED. The second transistor T2 controls the amount of current that flows from
the first power source ELVDD to the second power source ELVSS via the OLED to correspond to the value of the voltage
stored in the storage capacitor Cst. At this time, the OLED emits light corresponding to the amount of current supplied
from the second transistor M2.
[0011] In the above-described pixel structure of the related art, the threshold voltage and electron mobility of the
second transistor T2 as the driving element vary with each of the pixels 4 due to process deviation. Deviation in the
threshold voltage and electron mobility of the second transistor T2 causes the pixels 4 to emit light with different gray
levels with respect to the same gray level voltage, hence an image with uniform brightness cannot be displayed.
[0012] In order to solve the above problem, various pixel circuits for compensating for the threshold voltage of the
second transistor T2 are suggested.
[0013] In addition, recently, in order to realize a FPD with high picture quality and high resolution, high frequency
driving (for example, 120Hz) tends to be performed. However, in this case, scan time, e.g., one horizontal period (1H),
is reduced in comparison with conventional frequency driving (for example, 60Hz). As the one horizontal period (1H) is
reduced, the threshold voltage compensating time of the second transistor that is the driving element is reduced.
[0014] That is, in the related art, in the high resolution and high frequency driving that is the tendency of the FPD,
sufficient threshold voltage compensation time may not be secured so that picture quality deteriorates.
[0015] Aspects of embodiments according to the present invention are directed toward a pixel capable of securing
enough threshold voltage compensating time and of compensating for the IR drop of a first power source ELVDD in high
resolution and high frequency driving and an organic light emitting display using the same.
[0016] According to an embodiment of the present invention, there is provided a pixel including an organic light emitting
diode (OLED), a first transistor for controlling an amount of current supplied from a first power source coupled to a first
electrode of the first transistor to the OLED, a first capacitor coupled between the first power source and a first node
coupled to a gate electrode of the first transistor, a second capacitor having a first electrode coupled to the first node,
a second transistor coupled between a second node and a data line and having a gate electrode coupled to a first scan
line, the second node being coupled to a second electrode of the second capacitor, a third transistor coupled between
a gate electrode and a second electrode of the first transistor and having a gate electrode coupled to a second scan
line, a fourth transistor coupled between the second electrode of the second capacitor and a reference power source
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and having a gate electrode coupled to the second scan line, a fifth transistor coupled between the gate electrode of
the first transistor and an initial power source and having a gate electrode coupled to a third scan line, and a sixth
transistor coupled between the second electrode of the first transistor and an anode electrode of the OLED and having
a gate electrode coupled to an emission control line.
[0017] The second transistor may include a pair of second transistors serially coupled to each other, and the sixth
transistor may include a pair of sixth transistors serially coupled to each other. A node between the pair of second
transistors and a node between the pair of sixth transistors are electrically coupled to each other.
[0018] Scan signals applied to the first to third scan lines may be sequentially applied so as not to overlap each other.
The scan signals applied to the first to third scan lines may be applied in a period no less than one horizontal period 1H.
[0019] The reference power source may be configured to supply a DC voltage having a fixed voltage value. The initial
power source may be configured to supply a voltage lower than the first power source. The reference power source and
the initial power source may be configured to have the same voltage value.
[0020] According to an embodiment of the present invention, there is provided an organic light emitting display including
a scan driver for supplying first to third scan signals to first to third scan lines and for supplying emission control signals
to emission control lines, a data driver for supplying data signals to data lines, a pixel unit including pixels coupled to
the first to third scan lines, the emission control lines, and the data lines. Each of the pixels includes an organic light
emitting diode (OLED), a first transistor for controlling an amount of current supplied from a first power source coupled
to a first electrode of the first transistor to the OLED, a first capacitor coupled between the first power source and a first
node coupled to a gate electrode of the first transistor, a second capacitor having a first electrode coupled to the first
node, a second transistor coupled between a second node and a data line and having a gate electrode coupled to the
first scan line, the second node being coupled to a second electrode of the second capacitor, a third transistor coupled
between the gate electrode and a second electrode of the first transistor and having a gate electrode coupled to the
second scan line, a fourth transistor coupled between the second electrode of the second capacitor and a reference
power source and having a gate electrode coupled to the second scan line, a fifth transistor coupled between the gate
electrode of the first transistor and an initial power source and having a gate electrode coupled to the third scan line,
and a sixth transistor coupled between the second electrode of the first transistor and an anode electrode of the OLED
and having a gate electrode coupled to the emission control line.
[0021] As described above, according to the embodiments of the present invention, the threshold voltage of the driving
transistor may be compensated for in a period no less than 1H and an image with desired brightness may be displayed
regardless of the IR drop of the first power source ELVDD.
[0022] 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.

FIG. 1 is a circuit diagram illustrating a pixel of an organic light emitting display according to the related art;
FIG. 2 is a block diagram illustrating an organic light emitting display according to an embodiment of the present
invention;
FIG. 3 is a circuit diagram illustrating a pixel according to an embodiment of the present invention; and
FIG. 4 is a timing diagram illustrating a method of driving the pixel of FIG. 3.

[0023] Hereinafter, certain exemplary embodiments according to the present invention will be described with reference
to the accompanying drawings. Here, when a first element is described as being coupled to a second element, the first
element may be directly coupled to the second element, or may be indirectly coupled to the second element via one or
more third elements. Further, some of the elements that are not essential to a complete understanding of the invention
are omitted for clarity. Also, like reference numerals refer to like elements throughout.
[0024] FIG. 2 is a block diagram illustrating an organic light emitting display according to an embodiment of the present
invention.
[0025] Referring to FIG. 2, the organic light emitting display according to an embodiment of the present invention
includes a pixel unit 130 including: a plurality of pixels 140 coupled to first scan lines S11 to S1n, second scan lines S21
to S2n, third scan lines S31 to S3n, emission control lines E1 to En, and data lines D1 to Dm; a scan driver 110 for
driving the first to third scan lines S11 to S1n, S21 to S2n, and S31 to S3n and the emission control lines E1 to En; a
data driver 120 for driving the data lines D1 to Dm; and a timing controller 150 for controlling the scan driver 110 and
the data driver 120.
[0026] The pixel unit 130 includes the plurality of pixels 140 coupled to the first to third scan lines S11 to S1n, S21 to
S2n, and S31 to S3n, the emission control lines E1 to En, and the data lines D1 to Dm. The pixels 140 receive power
from a first power source ELVDD, a second power source ELVSS, a reference power source Vref, and an initial power
source Vint from a power source supply unit 160. The pixels 140 generate light with predetermined brightness while
controlling the amount of current supplied from the first power source ELVDD to the second power source ELVSS via
organic light emitting diodes (OLEDs) to correspond to data signals.
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[0027] The timing controller 150 generates data driving control signals DCS and scan driving control signals SCS to
correspond to the synchronization signals supplied from the outside. The data driving control signals DCS generated
by the timing controller 150 are supplied to the data driver 120 and the scan driving control signals SCS are supplied to
the scan driver 110. The timing controller 150 supplies data Data supplied from the outside to the data driver 120.
[0028] The scan driver 110 receives the scan driving control signals SCS. In response to receiving the scan driving
control signals SCS, the scan driver 110 supplies scan signals (for example, low voltage signals) to the first to third scan
lines S11 to S1n, S21 to S2n, and S31 to S3n. The scan driver 110 supplies emission control signals to the emission
control lines E1 to En.
[0029] According to an embodiment of the present invention, the scan signals supplied to the first to third scan lines
S11 to S1n, S21 to S2n, and S31 to S3n may be supplied for a time period longer than one horizontal period (1H), for
example, 3H.
[0030] The data driver 120 receives the data driving control signals DCS from the timing controller 150. In response
to receiving the data driving control signals DCS, the data driver 120 generates data signals and supplies the generated
data signals to the data lines D1 to Dm.
[0031] FIG. 3 is a circuit diagram illustrating a pixel according to an embodiment of the present invention.
[0032] For convenience, a pixel coupled to the 1n-th to 3n-th scan lines S1n, S2n, and S3n, the n-th emission control
line En, and the m-th data line Dm will be described as an example.
[0033] Referring to FIG. 3, the pixel 140 according to an embodiment of the present invention includes an organic
light emitting diode (OLED) and a pixel circuit 142 for controlling the amount of current supplied to the OLED.
[0034] The anode electrode of the OLED is coupled to the pixel circuit 142, and the cathode electrode of the OLED
is coupled to the second power source ELVSS. The OLED generates light with predetermined brightness to correspond
to the amount of current supplied from the pixel circuit 142.
[0035] The pixel circuit 142 controls the amount of current supplied to the OLED. The pixel circuit 142 includes a first
transistor M1, second transistors M2_1 and M2_2, a third transistor M3, a fourth transistor M4, a fifth transistor M5, and
sixth transistors M6_1 and M6_2.
[0036] According to the embodiment as illustrated in FIG. 3, the second transistors M2_1 and M2_2 and the sixth
transistors M6_1 and M6_2 are realized so that a pair of transistors are serially coupled to each other, respectively. A
node N3 between the transistors M2_1 and M2_2 and another node N3 between the transistors M6_1 and M6_2 are
electrically coupled to each other.
[0037] The first transistor M1 functions as a driving transistor. The first electrode of the first transistor M1 is coupled
to the first power source ELVDD, and the second electrode of the first transistor M1 is coupled to the first electrode of
the transistor M6_1. The gate electrode of the first transistor M1 is coupled to a first node N1. The first transistor M1
controls the amount of current supplied to the OLED to correspond to the voltage applied to the first node N1.
[0038] The second transistors M2_1 and M2_2 are serially coupled between the data line Dm and a second node N2.
The gate electrodes of the second transistors M2_1 and M2_2 are coupled to the first scan line S1n, and the second
transistors M2_1 and M2_2 are turned on when a scan signal is supplied to the first scan line S1n to electrically couple
the data line Dm and the second node N2 to each other.
[0039] The first electrode of the third transistor M3 is coupled to the second electrode of the first transistor M1, and
the second electrode of the third transistor M3 is coupled to the first node N1. The gate electrode of the third transistor
M3 is coupled to the second scan line S2n. The third transistor M3 is turned on when a scan signal is supplied to the
second scan line S2n to electrically couple the second electrode of the first transistor M1 and the first node N1 to each
other. In this case, the first transistor M1 is coupled in the form of a diode.
[0040] The first electrode of the fourth transistor M4 is coupled to a reference power source Vref, and the second
electrode of the fourth transistor M4 is coupled to the second node N2. The gate electrode of the fourth transistor M4 is
coupled to the second scan line S2n. The fourth transistor M4 is turned on when the scan signal is supplied to the second
scan line S2n to supply the voltage of the reference power source Vref to the second node N2.
[0041] The reference power source Vref supplies a DC voltage having a fixed value. The reference power source Vref
may be an additional power source or may be provided as a voltage having the same level as an initial power source Vint.
[0042] The first electrode of the fifth transistor M5 is coupled to the first node N1, and the second electrode of the fifth
transistor M5 is coupled to the initial power source Vint. The gate electrode of the fifth transistor M5 is coupled to the
third scan line S3n. The fifth transistor M5 is turned on when a scan signal is supplied to the third scan line S3n to supply
the voltage of the initial power source Vint to the first node N1. The initial power source Vint having a voltage value at
a low level may be set as a voltage lower than the first power source ELVDD, for example, a voltage (for example, a
ground voltage GND) lower than the threshold voltage of the OLED.
[0043] As illustrated in FIG. 3, the sixth transistors M6_1 and M6_2 are serially coupled to each other. The first electrode
of the transistor M6_1 is coupled to the second electrode of the first transistor M1. The second electrode of the transistor
M6_2 is coupled to the anode electrode of the OLED.
[0044] Since the transistor M6_1 and transistor M6_2 are serially coupled to each other, the second electrode of the
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transistor M6_1 is coupled to the first electrode of the transistor M6_2.
[0045] In addition, the gate electrodes of the sixth transistors M6_1 and M6_2 are coupled to the emission control line
En. The sixth transistors M6_1 and 6M_2 are turned off when the emission control signal is supplied to the emission
control line En and are turned on in the other cases.
[0046] A first capacitor C1 is coupled between the first node N1 and the first power source ELVDD. The first capacitor
C1 stores the voltage corresponding to the threshold voltage of the first transistor M1.
[0047] A second capacitor C2 is coupled between the first node N1 and the second node N2. The second capacitor
C2 stores the voltage corresponding to a data signal. The second capacitor C2 controls the voltage of the first node N1
to correspond to the amount of change of the voltage at the second node N2.
[0048] In addition, according to the embodiment of the present invention, as described above, the node N3 between
the transistors M2_1 and M2_2 and the node N3 between the transistors M6_1 and M6_2 are coupled to each other.
[0049] The nodes N3 are coupled to each other in order to solve the problem of deterioration in picture quality caused
by cross-talk generated by a pixel structure according to the related art.
[0050] In detail, in the related art, in order to solve the problem of the cross-talk generated by off leakages in accordance
with the source-drain voltages Vds of the second transistor coupled to the second capacitor C2 being different, according
to the embodiment of the present invention, as illustrated in FIG. 3, the voltage applied across the ends of the OLED in
a period when the OLED emits light is biased by a fixed voltage value.
[0051] That is, the third node N3 between the sixth transistors M6_1 and M6_2 is electrically coupled to the third node
N3 between the second transistors M2_1 and M2_2 so that the third node N3 has a fixed voltage value not being in a
floating state in the period when the OLED emits light.
[0052] Therefore, when the sixth transistors M6_1 and M6_2 are turned on, the anode of the OLED is coupled to the
third node N3 having the fixed voltage value so that it can solve the problem of the cross-talk generated by the off
leakages of the source-drain voltage values Vds of the second transistor being different from each other in accordance
with a change in the data voltage value applied to a data line.
[0053] FIG. 4 is a timing diagram illustrating a method of driving the pixel of FIG. 3. In FIG. 4, for convenience sake,
it is assumed that scan signals are supplied for a time period of 3H. However, the time period for which the scan signals
are supplied is not limited to the time period of 3H. For example, the scan signals may be supplied for a time period no
less than 1H.
[0054] When the pixel is driven at a high frequency (e.g., 120Hz or 240Hz) or the pixel is that of a display with high
resolution (FHD or UD), the absolute time of 1H is reduced, in order to compensate for the reduced time, and the pulse
width of the scan signals is increased to no less than 2H to secure compensation time.
[0055] Referring to FIG. 4, a scan signal is supplied to the third scan line S3n for a first period T1.
[0056] When the scan signal is supplied to the third scan line S3n, the fifth transistor M5 is turned on and the voltage
of the initial power source Vint is supplied to the first node N1.
[0057] Here, the initial power source Vint having a voltage value at a low level may be set as a voltage lower than the
first power source ELVDD, for example, a voltage (for example, a ground power source GND) lower than the threshold
voltage of the OLED. As the initial power source Vint is applied to the first node N1, the first node N1 coupled to the gate
electrode of the driving transistor M1 is initialized to the value of the initial power source Vint.
[0058] In addition, in the first period T1, since a high level signal is applied to the emission control line En, the sixth
transistors M6_1 and M6_2 are turned off so that electrical coupling between the first transistor M1 and the OLED is
blocked. At this time, the OLED is set to be in a non-emission state.
[0059] Therefore, according to the embodiment of the present invention, while the first node N1 is initialized, current
does not flow to the OLED so that leakage current that may flow to the OLED during black brightness emission is removed
and that a high contrast ratio (CR) may be secured.
[0060] Then, the scan signal is supplied to the second scan line S2n in a second period T2.
[0061] When the scan signal is supplied to the second scan line S2n, the fourth transistor M4 and the third transistor
M3 are turned on. As the fourth transistor M4 is turned on, the voltage of the reference power source Vref is supplied
to the second node N2.
[0062] The reference power source Vref supplies the DC voltage having a fixed value as described above. The
reference power source Vref may be an additional power source or may be provided as the voltage of the same level
as the initial power source Vint.
[0063] In addition, as the third transistor M3 is turned on, the first transistor M1 is coupled in the form of a diode.
[0064] At this time, when the first transistor M1 is coupled in the form of a diode, the voltage ELVDD-Vth obtained by
subtracting the threshold voltage Vth of the first transistor M1 from the voltage of the first power source ELVDD is applied
to the first node N1. For convenience sake, in one embodiment, it is assumed that the initial power source Vint is the
ground voltage GND.
[0065] At this time, the first capacitor C1 stores the voltage corresponding to the threshold voltage Vth of the first
transistor M1. On the other hand, according to an embodiment of the present invention, since the second period T2 is
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set as the period of 3H, which is a sufficiently long time, the voltage ELVDD-Vth obtained by subtracting the threshold
voltage of the first transistor M1 from the first power source ELVDD is applied to the first node N1 so that sufficient
threshold voltage compensating time may be secured.
[0066] In addition, since a high level signal is applied to the emission control line En in the second period T2, the sixth
transistors M6_1 and M6_2 are turned off so that electrical coupling between the first transistor M1 and the OLED is
blocked. At this time, the OLED is set in a non-emission state.
[0067] Then, in the third period T3, the scan signal is supplied to the first scan line S1n so that the second transistors
M2_1 and M2_2 are turned on.
[0068] When the second transistors M2_1 and M2_2 are turned on, the data line Dm and the second node N2 are
electrically coupled to each other. When the data line Dm and the second node N2 are electrically coupled to each other,
a data signal from the data line Dm is supplied to the second node N2. Since the second transistors M2_1 and M2_2
are turned on in the period of 3H, the data signals corresponding to a (n-2)th horizontal line, a (n-1)th horizontal line,
and a n-th horizontal line are sequentially supplied. Finally, the data signal corresponding to the n-th horizontal line is
applied so that the voltage Vdata of a desired data signal is applied to the second node N2.
[0069] As the voltage of a desired data signal is applied to the second node N2, the voltage of the first node N1
increases by a difference Vdata-Vref between the voltage Vdata of the data signal and the reference power source Vref
by the coupling operation of the second capacitor C2.
[0070] Since the first capacitor C1 and the second capacitor C2 are electrically coupled to each other, the value of
the voltage transmitted to the first node N1 becomes 

[0071] For example, when the initial power source Vint is applied to the ground voltage GND, the voltage of the first
node N1 becomes 

[0072] In addition, since the high level signal is applied to the emission control line En in the third period T3, the sixth
transistors M6_1 and M6_2 are turned off so that electrical coupling between the first transistor M1 and the OLED is
blocked. At this time, the OLED is set to be in a non-emission state.
[0073] Finally, since a low level signal is applied to the emission control line En in the fourth period T4, the sixth
transistors M6_1 and M6_2 are turned on and the amount of current supplied to the OLED is controlled to correspond
to the voltage stored in the first capacitor C1 by turning on the sixth transistors M6_1 and M6_2, that is, the Vgs value

of the first transistor M1, that is, the voltage value corresponding to a difference

between the first power source ELVDD that is a voltage applied to a

source and the voltage applied to the first node N1.
[0074] At this time, the current Ids that flows to the OLED is represented by the following equation. 
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[0075] According to the embodiments of the present invention, since the amount of the current Ids that flows to the
OLED is independent of the threshold voltage Vth of the first transistor M1 and the first power source ELVDD, the problem
of the IR drop of the first power source ELVDD may be solved.
[0076] 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 scope of the appended claims.

Claims

1. A pixel comprising:

an organic light emitting diode OLED;
a first transistor (M1) for controlling an amount of current supplied from a first power source (ELVDD) coupled
to a first electrode of the first transistor to the OLED;
a first capacitor (C1) coupled between the first power source and a first node (N1) coupled to a gate electrode
of the first transistor (M1);
a second capacitor (C2) having a first electrode coupled to the first node (N1);
a second transistor (M2) coupled between a second node and a data line and having a gate electrode coupled
to a first scan line (S1n), the second node being coupled to a second electrode of the second capacitor;
a third transistor (M3) coupled between a gate electrode and a second electrode of the first transistor and having
a gate electrode coupled to a second scan line (S2n);
a fourth transistor (M4) coupled between the second electrode of the second capacitor and a reference power
source (Vref) and having a gate electrode coupled to the second scan line (S2n);
a fifth transistor (M5) coupled between the gate electrode of the first transistor and an initial power source (Vint)
and having a gate electrode coupled to a third scan line (S3n); and
a sixth transistor (M6) coupled between the second electrode of the first transistor and an anode electrode of
the OLED and having a gate electrode coupled to an emission control line (En).

2. The pixel as claimed in claim 1, wherein the second transistor comprises a pair of second transistors (M2_1, M2_2)
serially coupled to each other, and the sixth transistor comprises a pair of sixth transistors (M6_1, M6_2) serially
coupled to each other.

3. The pixel as claimed in claim 2, wherein a node (N3) between the pair of second transistors and a node (N3) between
the sixth transistors are electrically coupled to each other.

4. The pixel as claimed in any one of claims 1 to 3, wherein scan signals applied to the first to third scan lines are
sequentially applied so as not to overlap each other.

5. The pixel as claimed in claim 4, wherein the scan signals applied to the first to third scan lines are applied in a period
no less than one horizontal period 1H.

6. The pixel as claimed in any one of the preceding claims, wherein the reference power source is configured to supply
a DC voltage having a fixed voltage value.

7. The pixel as claimed in any one of the preceding claims, wherein the initial power source is configured to supply a
voltage lower than the first power source.

8. The pixel as claimed in any one of the preceding claims, wherein the reference power source and the initial power
source are configured to have the same voltage value.
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9. An organic light emitting display comprising:

a scan driver for supplying first to third scan signals to first to third scan lines and for supplying emission control
signals to emission control lines;
a data driver for supplying data signals to data lines;
a pixel unit comprising pixels coupled to the first to third scan lines, the emission control lines, and the data lines,
wherein each of the pixels comprises a pixel according to any one of the preceding claims.
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摘要(译)

像素能够在高分辨率和高频驱动中确保足够的阈值电压补偿时间并且能
够补偿第一电源ELVDD的IR降，并且有机发光显示器包括像素。
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