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(54) Pixel and organic light emitting display using the same

(57) A pixel includes an organic light emitting diode
(OLED) having a cathode electrode coupled to a second
power source (ELVSS), a first transistor (M1) for control-
ling an amount of current that flows from a first power
source (ELVDD) to the second power source (ELVSS)
via the OLED corresponding to a data signal, a second
transistor (M2) coupled between a data line and a gate
electrode of the first transistor, a third transistor (M3) cou-
pled between the gate electrode of the first transistor and

a reference power source (Vref), a fourth transistor (M4)
coupled between the third transistor and the reference
power source, a fifth transistor (M5) coupled between an
anode electrode of the OLED and an initial power source
(Vinit), a first capacitor (C1) coupled between the anode
electrode of the OLED and a node between the third tran-
sistor and the fourth transistor, and a second capacitor
(C2) coupled between the node and the gate electrode
of the first transistor.
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Description

BACKGROUND

1. Field

[0001] The following description relates to a pixel and an organic light emitting display using the same.

2. Description of the Related Art

[0002] Recently, various flat panel displays (FPDs) having reduced weight and volume as compared to cathode ray
tubes (CRTs) 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 through the re-combination of electrons and holes. The organic light emitting display has fast response
times and is driven with low power consumption.
[0004] FIG. 1 is a circuit diagram illustrating a pixel of a conventional organic light emitting display. In FIG. 1, transistors
included in the pixel are NMOS transistors.
[0005] Referring to FIG. 1, a pixel 4 of the conventional 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 generates light with a predetermined brightness corresponding
to current supplied from the pixel circuit 2.
[0007] The pixel circuit 2 controls an amount of current supplied to the OLED corresponding to a data signal supplied
to the data line Dm when a scan signal is supplied to the scan line Sn. Therefore, the pixel circuit 2 includes a second
transistor M2 (that is, a driving transistor) coupled between a first power source ELVDD and the OLED, a first transistor
M1 coupled between the second transistor M2 and the data line Dm, and having a gate electrode coupled to the scan
line Sn, and a storage capacitor Cst coupled between a gate electrode and a second electrode of the second transistor M2.
[0008] The gate electrode of the first transistor M1 is coupled to the scan line Sn, and the first electrode thereof is
coupled to the data line Dm. The second electrode of the first transistor M1 is coupled to one terminal of the storage
capacitor Cst. Here, the first electrode of the first transistor M1 is one of a source electrode or a drain electrode, and the
second electrode thereof is the other one of the source electrode or the drain electrode. For example, when the first
electrode is a source electrode, the second electrode is a drain electrode. The first transistor M1 is turned on when a
scan signal is supplied from the scan line Sn to supply a data signal supplied from the data line Dm to the storage
capacitor Cst. At this time, the storage capacitor Cst charges a voltage corresponding to the data signal.
[0009] The gate electrode of the second transistor M2 is coupled to one terminal of the storage capacitor Cst, and the
first electrode thereof is coupled to the first power source ELVDD. The second electrode of the second transistor M2 is
coupled to the other terminal of the storage capacitor Cst and the anode electrode of the OLED. The second transistor
M2 controls the amount of current supplied from the first power source ELVDD to the second power source ELVSS via
the OLED corresponding to the voltage value stored in the storage capacitor Cst.
[0010] One terminal of the storage capacitor Cst is coupled to the gate electrode of the second transistor M2 and the
other terminal of the storage capacitor Cst is coupled to the anode electrode of the OLED. The storage capacitor Cst
charges the voltage corresponding to the data signal.
[0011] The conventional pixel 4 supplies a current corresponding to the voltage charged in the storage capacitor Cst
to the OLED to display an image with a predetermined brightness. However, a conventional organic light emitting display
using the above-described pixel cannot display an image having uniform brightness throughout the display due to
deviations in the threshold voltages of the second transistors M2 in different pixels.
[0012] Specifically, when the threshold voltages of the second transistors M2 vary between different pixels 4, the
pixels 4 generate light with different brightnesses corresponding to the same data signal, and an image with uniform
brightness cannot be displayed or is very difficult to display.

SUMMARY OF THE INVENTION

[0013] Accordingly, exemplary embodiments of the present invention provide pixels and an organic light emitting
display capable of displaying an image with uniform brightness, independent of the threshold voltages of driving transistors
in the pixels. More specifically, a first aspect of the invention provides the pixel as set forth in claim 1. Preferred embod-
iments of the pixel are subject of the dependent claims 2 through 5. A second aspect of the invention provides the organic
light emitting display of claim 6. Preferred embodiments of the organic light emitting display are subject of the dependent
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claims 7 through 10.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] 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.
[0015] FIG. 1 is a circuit diagram illustrating a pixel of a conventional organic light emitting display;
[0016] FIG. 2 is a schematic view illustrating an organic light emitting display according to an embodiment of the
present invention;
[0017] FIG. 3 is a circuit diagram illustrating an embodiment of a pixel of FIG. 2; and
[0018] FIG. 4 illustrates waveforms describing a method of driving the pixel of FIG. 3.

DETAILED DESCRIPTION

[0019] 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 additional elements. Further, some of the elements that are not essential to the complete understanding of the
invention are omitted for clarity. Also, like reference numerals refer to like elements throughout.
[0020] Hereinafter, exemplary embodiments by which those skilled in the art can easily perform the present invention
will be described in detail with reference to the accompanying drawings, specifically, FIGS. 2 to 4.
[0021] FIG. 2 is a schematic view illustrating an organic light emitting display according to an embodiment of the
present invention.
[0022] Referring to FIG. 2, an organic light emitting display according to an embodiment of the present invention
includes pixels 140 coupled to scan lines S1 to Sn, control lines CL1 to CLn, emission control lines E1 to En, and data
lines D1 to Dm, a scan driver 110 for driving the scan lines S1 to Sn, the emission control lines E1 to En, and the control
lines CL1 to CLn, 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.
[0023] The scan driver 110 receives a scan driving control signal SCS from the timing controller 150. The scan driver
110 generates scan signals and sequentially supplies the generated scan signals to the scan lines S1 to Sn. In addition,
the scan driver 110 generates control signals and sequentially supplies the generated control signals to the control lines
CL1 to CLn. Here, the control signal supplied to an ith (i is a natural number) control line CLi is concurrently supplied
with the scan signal supplied to the ith scan line Si, and is supplied for a longer duration than the scan signal. For
example, the control signal supplied to the ith control line CLi can be supplied to overlap with the scan signals supplied
to at least two scan lines (e.g., Si, Si+1, ....).
[0024] The scan driver 110 generates the emission control signals and sequentially supplies the generated emission
control signals to the emission control lines E1 to En. Here, the emission control signal supplied to the ith emission
control line Ei is supplied to overlap with the control signal supplied to the ith control line CLi.
[0025] According to the embodiment of the present invention, the scan signals and the control signals are set to have
a voltage by which the transistors included in the pixels 140 can be turned on, and the emission control signals are set
to have a voltage by which the transistors included in the pixels 140 can be turned off. For example, the scan signals
and the control signals can be set to have a high voltage, while the emission control signals can be set to have a low voltage.
[0026] The data driver 120 receives a data driving control signal DCS from the timing controller 150. The data driver
120 supplies data signals to the data lines D1 to Dm synchronously with the scan signals.
[0027] The timing controller 150 generates the data driving control signal DCS and the scan driving control signal SCS
corresponding to synchronization signals supplied from the outside. The data driving control signal DCS is supplied to
the data driver 120 and the scan driving control signal SCS is supplied to the scan driver 110. The timing controller 150
supplies the data Data from the outside to the data driver 120.
[0028] A display region 130 receives a first power source ELVDD, a second power source ELVSS, a reference power
source Vref, and an initial power source Vint from the outside, and supplies the first power source ELVDD, the second
power source ELVSS, the reference power source Vref, and the initial power source Vint to the pixels 140. The pixels
140 generate light corresponding to the data signals.
[0029] Here, the voltage Vdata corresponding to the data signals, the voltage of the first power source ELVDD, the
voltage of the reference power source Vref, and the voltage of the initial power source Vint are set corresponding to
Equation 1. 
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[0030] Referring to Equation 1, the reference power source Vref is set to have a voltage equal to or higher than the
voltage Vdata of the data signals. The initial power source Vint is set to have a voltage lower than the voltage Vdata of
the data signals. More specifically, the initial power source Vint is set to have a voltage lower than a voltage obtained
by subtracting the threshold voltage of the driving transistor from the voltage Vdata of the data signals. The first power
source ELVDD is set to have a voltage higher than the voltage of the reference power source Vref.
[0031] FIG. 3 is a circuit diagram illustrating a pixel according to an embodiment of the present invention. For con-
venience, in FIG. 3, a pixel coupled to an nth scan line Sn and an mth data line Dm is illustrated.
[0032] Referring to FIG. 3, the pixel 140 according to the embodiment of the present invention includes an OLED, and
a pixel circuit 142 coupled to a data line Dm, a scan line Sn, an emission control line En, and a control line CLn, to control
the OLED.
[0033] The anode electrode of the OLED is coupled to the pixel circuit 142 and the cathode electrode of the OLED is
coupled to a second power source ELVSS. The OLED generates light with a brightness (e.g., a predetermined brightness)
corresponding to a current supplied from the pixel circuit 142.
[0034] The pixel circuit 142 charges the voltage corresponding to a data signal during a period where a scan signal
(e.g., a high scan signal) is supplied to the scan line Sn. Then, the pixel circuit 142 charges the voltage corresponding
to the threshold voltage of a first transistor M1 during a period where the supply of the scan signal to the scan line Sn
is stopped, and the supply of a control signal to the control line CLn is continued or maintained. Then, the pixel circuit
142 supplies the current corresponding to the charged voltages to the OLED. The pixel circuit 142 includes first to fifth
transistors M1 to M5, a first capacitor C1, and a second capacitor C2.
[0035] A gate electrode of the first transistor M1 (a driving transistor) is coupled to a first node N1, and a first electrode
of the first transistor M1 is coupled to the first power source ELVDD. A second electrode of the first transistor M1 is
coupled to the anode electrode of the OLED at a third node N3. The first transistor M1 controls an amount of current
supplied to the OLED in response to a voltage applied to the first node N1.
[0036] A gate electrode of the second transistor M2 is coupled to the scan line Sn, and a first electrode of the second
transistor M2 is coupled to the data line Dm. A second electrode of the second transistor M2 is coupled to the first node
N1. The second transistor M2 is turned on when a scan signal (e.g., a high scan signal) is supplied to the scan line Sn
to electrically couple the data line Dm to the first node N1.
[0037] A gate electrode of the third transistor M3 is coupled to the emission control line En, and a second electrode
of the third transistor M3 is coupled to the first node N1 (i.e., the gate electrode of the first transistor M1). A first electrode
of the third transistor M3 is coupled to a second node N2. The third transistor M3 is turned off when an emission control
signal (e.g., a low emission control signal) is supplied to the emission control line En, and is turned on when the emission
control signal is not supplied, to electrically couple the first node N1 and the second node N2.
[0038] A gate electrode of the fourth transistor M4 is coupled to the control line CLn, and a second electrode of the
fourth transistor M4 is coupled to the second node N2. A first electrode of the fourth transistor M4 is coupled to the
reference power source Vref. The fourth transistor M4 is turned on when a control signal (e.g., a high control signal) is
supplied to the control line CLn, to supply the voltage of the reference power source Vref to the second node N2.
[0039] A gate electrode of the fifth transistor M5 is coupled to the scan line Sn and a first electrode of the fifth transistor
M5 is coupled to the third node N3. A second electrode of the fifth transistor M5 is coupled to the initial power source
Vint. The fifth transistor M5 is turned on when the scan signal is supplied to the scan line Sn, to supply the initial power
source Vint to the third node N3.
[0040] The first capacitor C1 and the second capacitor C2 are coupled in series between the third node N3 and the
first node N1. The common node between the first capacitor C1 and the second capacitor C2 is coupled to the second
node N2, which is also the common node between the third transistor M3 and the fourth transistor M4. Here, the second
capacitor C2 and the third transistor M3 are coupled between the first node N1 and the second node N2 in parallel.
[0041] FIG. 4 illustrates waveforms for driving the pixel of FIG. 3.
[0042] Processes for operating a pixel according to an embodiment of the present invention will be described in detail
with reference to FIGS. 3 and 4.
[0043] First, a high scan signal, a high control signal, and a low emission control signal are respectively supplied to
the scan line Sn, the control line CLn, and the emission control line En in a first period T1.
[0044] When the scan signal is supplied to the scan line Sn, the second transistor M2 and the fifth transistor M5 are
turned on. When the control signal is supplied to the control line CLn, the fourth transistor M4 is turned on. When the
emission control signal is supplied to the emission control line En, the third transistor M3 is turned off.
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[0045] When the second transistor M2 is turned on, the data signal from the data line Dm is supplied to the first node
N1. When the fifth transistor M5 is turned on, the initial power source Vint is supplied to the third node N3. Here, the
initial power source Vint is set to have a voltage for the OLED to be turned off. Therefore, light is not generated by the
OLED during this time. When the fourth transistor M4 is turned on, the reference power source Vref is supplied to the
second node N2.
[0046] That is, in the first period T1, the first node N1 is at the voltage Vdata of the data signal, the second node N2
is at the voltage of the reference power source Vref, and the third node N3 is at the voltage of the initial power source
Vint. In this case, the second capacitor C2 is charged with a voltage corresponding to a difference between the voltage
Vdata of the data signal and the reference power source Vref, and the first capacitor C1 is charged with a voltage
corresponding to a difference between the reference power source Vref and the initial power source Vint. In addition,
since the current path flowing through the first transistor M1 in the first period T1 flows to the initial power source Vint,
the OLED does not emit light.
[0047] Then, in a second period T2, the supply of the scan signal to the scan line Sn is stopped (i.e., the scan signal
becomes low). When the supply of the scan signal to the scan line Sn is stopped, the second transistor M2 and the fifth
transistor M5 are turned off.
[0048] When the second transistor M2 is turned off, the first node N1 maintains the voltage supplied during the first
period T1 due to the voltage charged in the second capacitor C2. When the fifth transistor M5 is turned off, the voltage
of the third node N3 increases to the voltage obtained by subtracting the threshold voltage of the first transistor M1 from
the voltage Vdata of the data signal.
[0049] To be more specific, in the first period T1, the voltage of the first node N1 is set at the voltage Vdata of the data
signal and the voltage of the third node N3 is set at the voltage of the initial power source Vint. Here, the voltage of the
initial power source Vint is set at a voltage lower than the voltage obtained by subtracting the threshold voltage of the
first transistor M1 from the voltage Vdata of the data signal. Therefore, when the fifth transistor M5 is turned off, the
voltage of the third node N3 increases to a voltage obtained by subtracting the threshold voltage of the first transistor
M1 from the voltage Vdata of the data signal.
[0050] In this case, the voltage of Vref - Vdata is charged in the second capacitor C2 and the voltage of Vref - Vdata
+ Vth (M1) is charged in the first capacitor C1.
[0051] Then, in a third period T3, the supply of the control signal to the control line CLn is stopped (i.e., the control
signal becomes low), and the supply of the emission control signal to the emission control line En is stopped (i.e., the
emission control signal becomes high). When the supply of the control signal to the control line CLn is stopped, the
fourth transistor M4 is turned off. When the supply of the emission control signal to the emission control line En is stopped,
the third transistor M3 is turned on.
[0052] When the third transistor M3 is turned on, the first node N1 and the second node N2 are electrically coupled
to each other. In this case, a voltage difference between the ends of the second capacitor C2 becomes 0, and the voltage
charged in the first capacitor C1 becomes the voltage Vgs (M1) between the gate electrode and the source electrode
of the first transistor M1. That is, the voltage between the gate electrode and the source electrode of the first transistor
M1 is set corresponding to Equation 2. 

[0053] The amount of current that flows to the OLED corresponding to the voltage of Vgs of the first transistor M1 is
therefore set corresponding to Equation 3. 

[0054] Referring to Equation 3, the current that flows to the OLED is determined by a voltage difference between the
voltage of the reference power source Vref and the voltage Vdata of the data signal. Here, since the reference power
source Vref has a fixed voltage, the current that flows to the OLED is determined by the voltage Vdata of the data signal.
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Therefore, according to an embodiment of the present invention, corresponding to Equation 3, an image with uniform
brightness can be displayed independent of deviations in the threshold voltages of the first transistors M1 in different
pixels of a display.
[0055] Furthermore, in FIG. 3, the transistors are NMOS transistors. However, the present invention is not limited to
the above described embodiment. For example, the transistors can be PMOS transistors. In this case, the polarities of
the supplied waveforms illustrated in FIG. 4 would be inverted. However, the processes for operating the pixel would
be substantially similar.

Claims

1. A pixel, comprising:

a first transistor (M1) having a first electrode connected to a first power source (ELVDD) and a gate electrode
connected to a first node (N1);
an organic light emitting diode (OLED) having an anode electrode coupled to a second electrode of the first
transistor (M1) and a cathode electrode coupled to a second power source (ELVSS);
a second transistor (M2) having a first electrode connected to a data line, a second electrode connected to the
first node (N1), and a gate electrodeconnected to a scan line (Sn);
a third transistor (M3) having a first electrode connected to a second node (N2), a second electrode connected
to the first node (N1), and a gate electrode connected to an emission control line (En);
a fourth transistor (M4) having a first electrode connected to a reference power source (Vref), a second electrode
connected to the second node (N2), and a gate electrode connected to a control line (CLn);
a fifth transistor (M5) having a first electrode connected to the anode electrode of the organic light emitting diode
(OLED), a second electrode connected to an initial power source (Vint), and a gate electrode connected to the
scan line (Sn);
a first capacitor (C1) connected between the anode electrode of the organic light emitting diode (OLED) and
the second node (N2); and
a second capacitor (C2) connected between the first node (N1) and the second node (N2).

2. The pixel as claimed in claim 1, wherein the reference power source (Vref) has a voltage equal to or higher than a
voltage of the data signal.

3. The pixel as claimed in one of the claims 1 or 2, wherein the initial power source (Vint) has a voltage lower than the
voltage of the data signal.

4. The pixel as claimed in claim 3, wherein the voltage of the initial power source (Vint) is lower than a voltage obtained
by subtracting a threshold voltage of the first transistor (M1) from the voltage of the data signal.

5. The pixel as claimed in one of the preceding claims, wherein the first power source (ELVDD) has a voltage higher
than the voltage of the reference power source (Vref).

6. The pixel as claimed in one of the preceding claims, wherein all of the first transistor (M1), the second transistor
(M2), the third transistor (M3), the fourth transistor (M4), and the fifth transistor (M5) are transistors of the same
polarity type.

7. The pixel of claim 6, wherein all of the first transistor (M1), the second transistor (M2), the third transistor (M3), the
fourth transistor (M4), and the fifth transistor (M5) are NMOS transistors.

8. An organic light emitting display, comprising:

a scan driver (110) adapted to sequentially supply a scan signal to a plurality of scan lines (S1...Sn), to sequentially
supply an emission control signal to a plurality of emission control lines (E1...En), and to sequentially supply a
control signal to a plurality of control lines (CL1...CLn), the scan lines (S1...Sn), emission control lines (E1...En),
and control lines (CL1...CLn) extending in a first direction;
a data driver (120) adapted to supply a data signal to a plurality of data lines (D1...Dm) extending in a second
direction crossing the first direction; and
a plurality of pixels (140) arranged at crossing regions of the scan lines (S1...Sn), the emission control lines
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(E1...En), and the control lines (CL1...CLn) with the data lines (D1...Dm), wherein each pixel (140) is a pixel
according to one of the preceding claims.

9. The organic light emitting display as claimed in claim 8, wherein the scan driver (110) is configured to supply the
scan signal to an ith scan line (Si) when supplying the control signal to an ith control line (CLi).

10. The organic light emitting display as claimed in one of the claims 8 or 9, wherein the scan driver (110) is adapted
to provide the control signal for a longer time period than the scan signal.

11. The organic light emitting display as claimed in one of the claims 8 through 10, wherein the scan driver (110) is
configured to supply the emission control signal to an ith emission control line when supplying the control signal to
an ith control line.

12. The organic light emitting display as claimed in one of the claims 8 through 11, wherein the data driver (120) is
configured to provide the data signal for a row of pixels corresponding to an ith scan line (Si) concurrently with the
scan driver (110) supplying the scan signal to the ith scan line (Si).
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