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Description

[0001] The presentinvention relates to an organic light emitting display and a driving method thereof, and in particular
to an organic light emitting display and a driving method thereof capable of displaying an image with substantially uniform
luminance.

[0002] Recently, various flat panel display devices having reduced weight and volume, which are disadvantages of
cathode ray tubes, have been developed. Types of flat panel display devices include a liquid crystal display (LCD), a
field emission display (FED), a plasma display panel (PDP) and an organic light emitting display, etc.

[0003] An organic light emitting display among the flat panel display devices displays an image using organic light
emitting diodes (OLEDs) that generate light using the recombination of electrons and holes. Such organic light emitting
display has advantages that it has a high response speed and is driven with low power consumption.

[0004] FIG. 1 is a circuit diagram showing a pixel of an organic light emitting display. Referring to FIG. 1, the pixel 4
of the organic light emitting display includes a pixel circuit 2 coupled to an organic light emitting diode OLED, a data line
Dm, and a scan line Sn to control the organic light emitting diode OLED.

[0005] An anode electrode of the organic light emitting diode OLED is coupled to the pixel circuit 2 and a cathode
electrode of the organic light emitting diode OLED is coupled to a second power supply ELVSS. The organic light emitting
diode OLED is light emitted at luminance corresponding to current supplied from the pixel circuit 2.

[0006] The pixel circuit 2 controls the amount of current supplied to the organic light emitting diode OLED corresponding
to a data signal supplied to the data line Dm when a scan signal is supplied to the scan line Sn.

[0007] To this end, the pixel circuit 2 includes a second transistor M2 coupled between a first power supply ELVDD
and the organic light emitting diode OLED; a first transistor M1 coupled between the second transistor M2, the data line
Dm, and the scan line Sn; and a storage capacitor Cst coupled between a first electrode and a gate electrode of the
second transistor M2.

[0008] A gate electrode of the first transistor M1 is coupled to the scan line Sn and a first electrode of the first transistor
M1 is coupled to the data line Dm. A second electrode of the first transistor M1 is coupled to one terminal of the storage
capacitor Cst.

[0009] Herein, the first electrode is one of a source electrode and a drain electrode and the second electrode is the
other one of the source electrode and the drain electrode. For example, if the first electrode is the source electrode, the
second electrode is the drain electrode. The first transistor M1 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 charges voltages corresponding to the data signal.
[0010] The gate electrode of the second transistor M2 is coupled to one terminal of the storage capacitor Cst and the
first electrode of the second transistor M2 is coupled to the other terminal of the storage capacitor Cst and the first power
supply ELVDD. The second electrode of the second transistor M2 is coupled to the anode electrode of the organic light
emitting diode OLED.

[0011] The second transistor M2 controls the amount of current flowing from the first power supply ELVDD to the
second power supply ELVSS via the organic light emitting diode OLED, where the amount of current corresponds to a
voltage value stored in the storage capacitor Cst. At this time, the organic light emitting diode OLED generates light
corresponding to the amount of current supplied from the second transistor M2.

[0012] However, there is a problem that such an organic light emitting display cannot display an image with desired
luminance due to the efficiency change according to the degradation of the organic light emitting diode OLED.

[0013] In practice, the organic light emitting diode OLED is degraded as time elapses so that light with gradually
reduced luminance is generated. Also, the conventional organic light emitting display has a problem in that the image
with uniform luminance is not displayed due to the non-uniformity of the threshold voltage/mobility of the driving transistor
M2 included in the pixels 4.

[0014] It is an aspect according to an exemplary embodiment of the present invention to provide an organic light
emitting display and a driving method thereof capable of displaying an image with substantially uniform luminance
irrespective of degradation of organic light emitting diodes and threshold voltage/mobility of driving transistors.

[0015] An organic light emitting display according to an exemplary embodiment of the present invention includes: a
plurality of pixels at crossing portions of data lines, scan lines, and emission control lines; each of the plurality of pixels
including an organic light emitting diode for emitting light and a driving transistor for driving the organic light emitting
diode; a sensor for sensing degradation information of the organic light emitting diodes and mobility information of the
driving transistors; a converter for storing the degradation information of the organic light emitting diodes and the mobility
information of the driving transistors and for converting input data to corrected data by utilizing the degradation information
and the mobility information; and a data driver for receiving the corrected data output from the converter and for generating
data signals utilizing the corrected data to be supplied to the plurality of pixels via the data lines.

[0016] A driving method of an organic light emitting display according to an embodiment of the present invention
includes: generating a first voltage while supplying a first current to organic light emitting diodes included in a plurality
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of pixels; converting the first voltage to a first digital value and storing the first digital value in a memory; generating a
second voltage while sinking a second current via driving transistors in the plurality of pixels; generating a third voltage
while sinking a third current via the driving transistors in the plurality of pixels; converting information corresponding to
a difference between the second voltage and the third voltage to a second digital value and storing the second digital
value in the memory; converting input data to corrected data to display an image with substantially uniform luminance
utilizing the first and second digital values stored in the memory irrespective of the degradation of the organic light
emitting diodes and the mobility of the driving transistors; and providing data signals corresponding to the corrected data
to data lines.

[0017] A driving method of an organic light emitting display according to another embodiment of the present invention
includes: measuring voltage change across organic light emitting diodes in a plurality of pixels by utilizing a first current
and storing the voltage change; sequentially sinking a second current and a third current via driving transistors in the
plurality of pixels to measure a second voltage corresponding to the second current and a third voltage corresponding
to the third current and to store a difference between the second voltage and the third voltage; converting input data to
corrected data utilizing the voltage change and the different between the second and third voltages to compensate for
the degradation of the organic light emitting diodes and a variance in mobility among the driving transistors; and applying
data signals corresponding to the corrected data to the plurality of pixels during a display period and compensating for
threshold voltages of the driving transistors in respective pixel circuits of the plurality of pixels through an initialization
process.

[0018] These and/or other embodiments and features of the invention will become apparent and more readily appre-
ciated from the following description of certain exemplary embodiments, taken in conjunction with the accompanying
drawings of which:

FIG. 1 is a circuit diagram showing a pixel;

FIG. 2 is a schematic block diagram showing an organic light emitting display according to an embodiment of the
present invention;

FIG. 3 is a circuit diagram showing a first embodiment of a pixel shown in FIG. 2;

FIG. 4 is a circuit diagram showing a second embodiment of a pixel shown in FIG. 2;

FIG. 5 is a block diagram showing a switching unit, a sensor, and a converter shown in FIG. 2;

FIG. 6 is a schematic block diagram showing sensing circuits shown in FIG. 5;

FIG. 7 is a schematic block diagram showing an embodiment of a data driver shown in FIG. 2;

FIGS. 8A to 8G are schematic circuit diagrams for illustrating a driving method of an organic light emitting display
according to a first embodiment of the present invention; and

FIG. 9A to 9G are schematic circuit diagrams for illustrating a driving method of an organic light emitting display
according to a second embodiment of the present invention.

[0019] Hereinafter, certain exemplary embodiments according to the presentinvention 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 not only be directly coupled to the second element but may alternately be indirectly coupled to the
second element via a third element. Further, some of the elements that are 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 according to the present invention will be described with reference to the
accompanying drawings.

[0021] FIG. 2 is a schematic block diagram showing an organic light emitting display according to an embodiment of
the present invention.

[0022] Referring to FIG. 2, the organic light emitting display according to an embodiment of the present invention
includes: a display region 130 having pixels 140, which are coupled to scan lines S1 to Sn, emission control lines E1 to
En, sensing lines CL1 to CLn, and data lines D1 to Dm; a scan driver 110 for driving the scan lines S1 to Sn and the
emission control lines E1 to En; a sensing line driver ("sensing driver") 160 for driving the sensing lines CL1 to CLn; and
a data driver 120 for driving the data lines D1 to Dm; and a timing controller 150 controlling the scan driver 110, the data
driver 120, and the sensing line driver 160.

[0023] Also, the organic light emitting display according to the embodiment of the present invention further includes:
a sensor 180 for extracting degradation information on organic light emitting diodes and mobility information on driving
transistors, which are included in respective pixels 140; a switching unit 170 for selectively coupling the sensor 180 and
the data driver 120 to the data lines D1 to Dm; and a converter 190 for storing the information sensed by using the
sensor 180 and converting input data to display animage with substantially uniform luminance using the stored information
irrespective of the degradation of the organic light emitting diodes and the mobility of the driving transistors.

[0024] The display region 130 includes the pixels 140 positioned at the crossing portions ("crossings") of the scan
lines S1 to Sn, the emission control lines E1 to En, and the data lines D1 to Dm. The pixels 140 are supplied with a first
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power supply ELVDD and a second power supply ELVSS from an external power supply. The pixels 140 control the
amount of current supplied from the first power supply ELVDD to the second power supply ELVSS via the respective
organic light emitting diodes in accordance with the data signals. Then, light with corresponding luminance (e.g., pre-
determined luminance) is generated from the organic light emitting diodes.

[0025] The scan driver 110 supplies the scan signals to the scan lines S1 to Sn in accordance with the control of the
timing controller 150. Also, the scan driver 110 supplies the emission control signals to the emission control lines E1 to
En in accordance with the control of the timing controller 150.

[0026] The sensing line driver 160 supplies sensing signals to the sensing lines CL1 to CLn in accordance with the
control of the timing controller 150.

[0027] The data driver 120 supplies the data signals to the data lines D1 to Dm in accordance with the control of the
timing controller 150.

[0028] The switching unit 170 selectively couples the sensor 180 and the data driver 120 to the data lines D1 to Dm.
To this end, the switching unit 170 includes a pair of switching elements coupled to the data lines D1 to Dm, respectively
(that is, a pair of switching elements for each channel).

[0029] The sensor 180 extracts the degradation information of the organic light emitting diode included in each pixel
140 and supplies the extracted degradation information to the converter 190. Also, the sensor 180 extracts the mobility
information on the driving transistors included in each pixel 140 and supplies the extracted mobility information to the
converter 190. To this end, the sensor 180 includes sensing circuits couple to the data lines D1 to Dm, respectively (that
is, a sensing circuit for each channel).

[0030] According to one exemplary embodiment, the extraction of the degradation information of the organic light
emitting diode is performed in a first non-display period (or a first non-display time) prior to the display of image after
the power supply is applied to the organic light emitting display. In other words, the extraction of the degradation infor-
mation of the organic light emitting diode may be performed each time the power supply is applied to the organic light
emitting display.

[0031] Inthe described embodiment, the extraction of the mobility information of the driving transistor is performed in
a second non-display period (or a second non-display time) prior to the display of image after the power supply is applied
to the organic light emitting display. Also, the extraction of the degradation information of the organic light emitting diode
may be performed before the organic light emitting display is distributed as a product so that the mobility information
may be provided as predefined information when distributing the product. In other words, according to one embodiment,
the extraction of the mobility information of the driving transistor is performed each time the power supply is applied to
the organic light emitting display. Alternatively, the performance results may be pre-stored before the product is distributed
so that the pre-stored information may be used without performing the extraction of the mobility information each time
the power supply is applied.

[0032] The converter 190 receives the degradation information and the mobility information supplied from the sensor
180, and stores the degradation information of the organic light emitting diodes and the mobility information of the driving
transistors, which are respectively included in all the pixels. To this end, the converter 190 includes a memory and a
conversion circuit for converting input data Data input from the timing controller to corrected data Data’ to display an
image with substantially uniform luminance using the information stored in the memory irrespective of the degradation
of the organic light emitting diodes and the mobility of the driving transistors.

[0033] The timing controller 150 controls the data driver 120, the scan driver 110, and the sensing line driver 160.
[0034] Further, the data Data input from an external data source is converted to the corrected data Data’ using the
output from the timing controller 150 to compensate for the degradation of the organic light emitting diodes and the
displacement in the mobility of the driving transistors using the converter 190, and is supplied to the data driver 120.
Then, the data driver 120 uses the converted corrected data Data’ to generate the data signals and supplies the generated
data signals to the pixels 140.

[0035] In one embodiment according to the present invention, the degradation of the organic light emitting diodes and
the mobility of the driving transistors are compensated using the sensor 180 and the converter 190 and the difference
between the threshold voltages of the driving transistors is self-compensated within the pixel structure as will be described
below.

[0036] FIG. 3 shows a first embodiment of a pixel shown in FIG. 2. For convenience of description, FIG. 3 shows a
pixel coupled to an mth data line (Dm) and an nth scan line (Sn).

[0037] Referring to FIG. 3, the pixel 140 according to the first embodiment of the present invention includes an organic
light emitting diode OLED and a pixel circuit 142 for supplying current to the organic light emitting diodes OLED.
[0038] The anode electrode of the organic light emitting diode OLED is coupled to the pixel circuit 142 and the cathode
electrode of the organic light emitting diode OLED is coupled to the second power supply ELVSS. The organic light
emitting diodes OLEDs generates light corresponding to current supplied from the pixel circuit 142.

[0039] The pixel circuit 142 is supplied with the data signal supplied to the data line Dm when the scan signal is
supplied to the scan line Sn. Also, the pixel circuit 142 provides the degradation information of the organic light emitting
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diodes OLEDs and/or the mobility information of the driving transistor (that is, second transistor M2) to the sensor 180
when the sensing signal is supplied to the sensing line CLn. To this end, the pixel circuit 142 includes six transistors M1
to M6 and two capacitors C1 and C2.

[0040] The gate electrode of the first transistor M1 is coupled to the scan line Sn and the first electrode the first
transistor M1 is coupled to the data line Dm. The second electrode of the first transistor M1 is coupled to a first node A.
[0041] The gate electrode of the second transistor M2 is coupled to a second node B and the first electrode of the
second transistor M2 is coupled to the first power supply ELVDD.

[0042] Also, the first capacitor C1 is coupled between the first power supply ELVDD and the second node B and the
second capacitor C2 is coupled between the first node A and the second node B.

[0043] The second transistor M2 controls the amount of current flowing from the first power supply ELVDD to the
second power supply ELVSS via the organic light emitting diode OLED in accordance with the voltage values stored in
the first and second capacitors C1 and C2. At this time, the organic light emitting diode OLED generates light corre-
sponding to the amount of current supplied from the second transistor M2.

[0044] The gate electrode of the third transistor M3 is coupled to the emission control line En and the first electrode
of the third transistor M3 is coupled to the second electrode of the second transistor M2. The second electrode of the
third transistor M3 is coupled to the organic light emitting diode OLED. The third transistor M3 is turned off when the
emission control signal is supplied to the emission control line En (high level) and is turned on when the emission control
signal is not supplied to the emission control line En (low level). Here, the emission control signal is supplied (high level)
during a period (Programming period) where the voltages corresponding to the data signals are charged in the first and
second capacitors C1 and C2, a period (Vth storing period) in which the threshold voltage is stored, and a period (OLED
degradation sensing period) in which the degradation information on the organic light emitting diode OLED is sensed.

[0045] The gate electrode of the fourth transistor M4 is coupled to the sensing line CLn and the first electrode of the
fourth transistor M4 is coupled to the second electrode of the third transistor M3. Also, the second electrode of the fourth
transistor M4 is coupled to the data line Dm. The fourth transistor M4 is turned on when the sensing signal is supplied
to the sensing line CLn and is turned off in other cases. Here, the sensing signal is supplied during a period (OLED
degradation sensing period) in which the degradation information of the organic light emitting diode OLED is sensed
and a period in which the mobility information of the second transistor M2 ("driving transistor") is sensed.

[0046] The gate electrode of the fifth transistor M5 is coupled to the scan line Sn-1 of a previous row of pixels ("a
previous scan line") and the first electrode of the fifth transistor M5 is coupled to the gate electrode of the second transistor
M2. Also, the second electrode of the fifth transistor M5 is coupled to the second electrode of the second transistor M2.
In other words, when the fifth transistor M5 is turned on, the second transistor M2 is diode-connected.

[0047] The gate electrode of the sixth transistor M6 is coupled to the scan line Sn-1 of the previous row of pixels ("the
previous scan line"), the first electrode of the sixth transistor M6 is coupled to a reference voltage (Vref), and the second
electrode of the sixth transistor M6 is coupled to the first node A. In other words, when the sixth transistor M6 is turned
on, the first electrode of the second capacitor C2 is supplied with the reference voltage Vref.

[0048] According to the embodiment of FIG. 3, the first to sixth transistors M1 to M6 are PMOS transistors, but the
present invention is not limited thereto. For example, the first to sixth transistors M1 to M6 may be implemented as
NMQOS transistors in other embodiments.

[0049] FIG. 4 shows a second embodiment of a pixel shown in FIG. 2. For convenience of description, FIG. 4 shows
a pixel coupled to an mth data line (Dm) and an nth scan line (Sn).

[0050] Referring to FIG. 4, the pixel 140’ according to the second embodiment of the present invention includes an
organic light emitting diode OLED and a pixel circuit 142’ for supplying current to the organic light emitting diodes OLED.
The pixel 140’ according to the second embodiment is different from the pixel 140 according to the first embodiment
shown in FIG. 3 in that the pixel circuit 142’ includes seven transistors M1’ to M7’, two capacitors C1’ and C2’, and one
switching element T1.

[0051] In the pixel circuit 142’, the gate electrode of the first transistor M1’ is coupled to the scan line Sn and the first
electrode of the first transistor M1’ is coupled to the data line Dm. The second electrode of the first transistor M1’ is
coupled to a first node A.

[0052] The gate electrode of the second transistor M2’ is coupled to a second node B and the first electrode of the
second transistor M2’ is coupled to the first power supply ELVDD.

[0053] Also, the first capacitor C1’ is coupled between the first power supply ELVDD and the second node B and the
second capacitor C2’ is coupled between the first node A and the second node B.

[0054] The second transistor M2’ controls the amount of current flowing from the first power supply ELVDD to the
second power supply ELVSS via the organic light emitting diode OLED in accordance with the voltage values stored in
the first and second capacitors C1’ and C2’. At this time, the organic light emitting diode OLED generates light corre-
sponding to the amount of current supplied from the second transistor M2'.

[0055] The gate electrode of the third transistor M3’ is coupled to the emission control line En and the first electrode
of the third transistor M3’ is coupled to the second electrode of the second transistor M2'. The second electrode of the
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third transistor M3’ is coupled to the organic light emitting diode OLED. The third transistor M3’ is turned off when the
emission control signal is supplied to the emission control line En (high level) and is turned on when the emission control
signal is not supplied to the emission control line En (low level). Here, the emission control signal is supplied (high level)
during a period (OLED degradation sensing period) in which the degradation information on the organic light emitting
diode OLED is sensed, a period (mobility sensing period) in which the mobility information of the second transistor M2’
is sensed, an initialization period, a period in which the threshold voltage is stored, and a period (Vth storing and
Programming period) in which the voltages corresponding to the data signals are charged.

[0056] The gate electrode of the fourth transistor M4’ is coupled to the sensing line CLn and the first electrode of the
fourth transistor M4’ is coupled to the second electrode of the third transistor M3’. Also, the second electrode of the
fourth transistor M4’ is coupled to the data line Dm. Such a fourth transistor M4’ is turned on when the sensing signal is
supplied to the sensing line CLn and is turned off in other cases. Herein, the sensing signal is supplied during a period
a period (OLED degradation sensing period) in which the degradation information of the organic light emitting diode
OLED is sensed

[0057] The gate electrode of the fifth transistor M5’ is coupled to the scan line Sn and the first electrode of the fifth
transistor M5’ is coupled to the gate electrode of the second transistor M2'. Also, the second electrode of the fifth transistor
M5’ is coupled to the second electrode of the second transistor M2'. In other words, when the fifth transistor M5’ is turned
on, the second transistor M2’ is diode-connected.

[0058] The gate electrode of the sixth transistor M6’ is coupled to the emission control signal En, the first electrode of
the sixth transistor M6’ is coupled to the switching element T1 ("switch"), and the second electrode of the sixth transistor
M6’ is coupled to the first node A.

[0059] Also, the switching element T1 is coupled to the sensor 180 when it is turned on and to the reference voltage
(Vref) source when it is turned off. In other words, when the switching element T1 is turned on, the pixel 140’ is coupled
to the sensor 180 via a separate control line Cm which is different from the data line Dm, and when the switching element
T1 is turned off, the pixel 140’ receives the reference voltage Vref.

[0060] In other words, the pixel 140’ is coupled to the sensor 180 via the control line Cm in a period in which the
mobility information of the second transistor M2’ as the driving transistor is sensed.

[0061] The seventh transistor M7’ is coupled to the scan line Sn-1 of a previous row of pixels ("previous scan line"),
the first electrode of the seventh transistor M7’ is coupled to the first electrode of the sixth transistor M6’, and the second
electrode of the seventh transistor M7’ is coupled to the gate electrode of the second transistor M2'.

[0062] According to the embodiment of FIG. 4, the first to seventh transistors M1’ to M7’ are PMOS transistors, but
the present invention is not limited thereto. For example, the first to seventh transistors M1’ to M7’ may be implemented
as NMOS transistors in other embodiments.

[0063] FIG. 5is a block diagram showing a switching unit, a sensor, and a converter shown in FIG. 2. However, FIG.
5shows that these devices are coupled to only the pixel 140 coupled to the mth data line Dm for convenience of description.
[0064] Referring to FIG. 5, each channel in the switching unit 170 is provided with a pair of switches SW1 and SW2.
Also, each channel in the senor 180 is provided with a sensing circuit 181 and an analog-digital converter 182 (hereinafter,
referred to as "ADC"). (Here, one ADC may be provided per one or a number of channels or all the channels may share
one ADC). Also, the converter 190 includes a memory 191 and a conversion circuit 192.

[0065] The first switch SW1 of the switching unit 170 is positioned between the data driver 120 and the data line Dm.
The first switch SW1 is turned on when the data signals are supplied via the data driver 120. In other words, the first
switch SW1 maintains the turn-on state during a period in which the organic light emitting display device displays an
image (e.g., a predetermined image).

[0066] Further, the second switch SW2 of the switching unit 170 is positioned between the sensor 180 and the data
line Dm. The second switch SW2 is turned on during a period in which the mobility information of the second transistor
M2 and the degradation information of the organic light emitting diodes OLEDs provided from respective pixels of the
display region are sensed by the sensor 180.

[0067] Here, the second switch SW2 maintains the turn-on state during a non-display period (or a non-display time)
from after the power supply is applied to the organic light emitting display to before the image is displayed, or maintains
the turn-on state during a non-display period (or a non-display time) before the product is distributed.

[0068] In more detail, according to one exemplary embodiment, the sensing of the degradation information of the
organic light emitting diode OLED is performed in the non-display period from after the power supply is applied to the
organic light emitting display to before the image is displayed. In other words, the sensing of the degradation information
of the organic light emitting diode OLED in this embodiment is performed each time the power supply is applied to the
organic light emitting display.

[0069] According to another exemplary embodiment, the sensing of the mobility information of the driving transistor
is performed in the second non-display period from after the power supply is applied to the organic light emitting display
to before the image is displayed as well as may be performed before the organic light emitting display is first distributed
as a product.
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[0070] In other words, the sensing of the mobility information of the driving transistor may be performed each time the
power supply is applied to the organic light emitting display, or may use the pre-stored information without performing
the extraction of the mobility information each time the power supply is applied by previously storing the performance
results before the product is distributed.

[0071] The sensing circuit 181 includes a current source unit ("current source") 185, first and second current sink units
("current sinks") 186 and 187, and switching elements SW1, SW2, and SW3 each coupled to the corresponding one of
the current source unit 185 and first and second current sink units 186 and 187, as shown in FIG. 6.

[0072] The current source unit 185 supplies a first current to the pixel 140 when the first switching element SW1 is
turned on and supplies voltage (e.g., a predetermined voltage) generated in the data line Dm to the ADC 182 when the
first current is supplied. Here, the first current is supplied via the organic light emitting diode OLED included in the pixel
140. Accordingly, the voltage (e.g., a first voltage or a first predetermined voltage) generated from the current source
unit 185 has the degradation information of the organic light emitting diode OLED.

[0073] In more detail, as the organic light emitting diode OLED is degraded, the resistance value of organic light
emitting diode OLED is changed. Therefore, the voltage value of the voltage is changed corresponding to the degradation
of the organic light emitting diode OLED so that the degradation information of the organic light emitting diode OLED
can be extracted.

[0074] On the other hand, the current value of the first current is variously set to be able to be applied with the
predetermined voltage within defined time. For example, the first current may be set to a current value Imax that flows
to the organic light emitting diode OLED when light is emitted from the pixel 140 at maximum luminance.

[0075] The first current sink unit 186 sinks a second current from the pixel 140 when the second switching element
SW2 is turned on and measures a voltage (e.g., a second voltage or a second predetermined voltage) generated in the
data line Dm or the control line Cm when the second current is sunk.

[0076] In other words, in the case where the pixel 140 of the first embodiment shown in FIG. 3 is applied, the second
voltage generated in the data line Dm is measured and in the case where the pixel 140’ of the second embodiment
shown in FIG. 4 is applied, the second voltage generated in the control line Cm is measured.

[0077] Also, the second current sink unit 187 sinks a third current from the pixel 140 when the second switching
element SW2 is turned off and the third switching element SW3 is turned on and predetermined voltage (third voltage)
generated in the data line Dm or the control line Cm is measured when the third current is sunk.

[0078] In other words, in the case where the pixel 140 of the first embodiment shown in FIG. 3 is applied, the third
voltage generated in the data line Dm is measured and in the case where the pixel 140’ of the second embodiment
shown in FIG. 4 is applied, the third voltage generated in the control line Cm is measured.

[0079] At this time, the information corresponding to the difference between the second voltage and the third voltage
is supplied to the ADC 182.

[0080] Here, the second current and the third current are sunk via the second transistors M2 and M2’ included in the
pixels 140 and 140’. Therefore, the absolute value of the difference (| the second voltage-the third voltage |) between
the voltages of the data line Dm or the control line Cm generated via the first and second current sink units 186 and 187
has the mobility information of the second transistors M2 and M2’.

[0081] In other words, in the case where the pixel 140’ of the second embodiment shown in FIG. 4 is applied, the
switching element T1 within the pixel 140’ is turned on when the second current and the third current are sunk so that
the anode electrode of the organic light emitting diode OLED is not included in the path to which the mobility information
on the second transistor M2’ is transferred.

[0082] Because of this, the mobility information of the second transistor M2’ is not influenced by the degradation
degree of the organic light emitting diode OLED so that the more accurate information can be obtained.

[0083] The ADC 182 converts the first voltage supplied from the sensing circuit 181 to a first digital value and converts
the difference between the second voltage and the third voltage to a second digital value.

[0084] Further, the converter 190 includes the memory 191 and the conversion circuit 192. The memory 191 stores
the first digital value and the second digital value supplied from the ADC 182. Actually, the memory 191 stores the
mobility information of the second transistor M2 or M2" and the degradation information of the organic light emitting
diodes OLEDs in respective pixels 140 or 140’ included in the display region 130.

[0085] The conversion circuit 192 uses the first digital value and the second digital value stored in the memory 191
to convert the input data Data transferred from the timing controller 150 to the corrected data Data’ so that the image
with substantially uniform luminance can be displayed irrespective of the degradation of the organic light emitting diodes
OLEDs and the mobility of the driving transistor M2 or M2’

[0086] For example, the conversion circuit 192 generates the corrected data Data’ by increasing bit values of the input
data Data by referencing the first digital value as the organic light emitting diode OLED is degraded. The generated
corrected data Data’ is transferred to the data driver 120 and ultimately, the data signals in accordance with the corrected
data Data’ are supplied to the pixels 140 or 140’. As a result, as the organic light emitting diode is degraded, a generation
of light with low luminance can be reduced or prevented.
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[0087] Further, the conversion circuit 192 converts the input data Data in reference to the second digital value so that
the mobility of the second transistors M2 or M2’ can be compensated. As a result, the image with substantially uniform
luminance can be displayed irrespective of the mobility of the second transistors M2 or M2’

[0088] The data driver 120 uses the corrected data Data’ to generate the data signals and supplies the generated
data signals to the pixels 140 or 140’.

[0089] FIG. 7 is a schematic block diagram showing an embodiment of a data driver 120.

[0090] Referring to FIG. 7, the data driver 120 includes a shift register unit 121, a sampling latch unit 122, a holding
latch unit 123, a digital-analog converter (hereinafter, referred to as "DAC") 124, and a buffer unit 125.

[0091] The shift register unit 121 is supplied with a source start pulse SSP and a source shift clock SSC from the
timing controller 150. The shift register unit 121 supplied with the source shift clock SSC and the source start pulse SSP
shifts the source start pulse SSP per one period of the source shift clock SSC and at the same time, sequentially
generates m sampling signals. To this end, the shift register 121 includes m shift registers 1211 to 121m.

[0092] The sampling latch unit 122 sequentially stores the corrected data Data’ in response to the sampling signals
sequentially supplied from the shift register unit 121. To this end, the sampling latch unit 122 includes m sampling latches
1221 to 122m for storing the m corrected data Data’.

[0093] The holding latch unit 123 is supplied with a source output enable (SOE) signal from the timing controller 150.
The holding latch unit 123 supplied with the a source output enable (SOE) signal receives the corrected data Data’ from
the sampling latch unit 122 and stores them. And, the holding latch unit 123 supplies the corrected data Data’ stored
therein to the digital-analog converter unit (DAC unit) 124. To this end, the holding latch unit 123 includes m holding
latches 1231 to 123m.

[0094] The DAC unit 124 receives the corrected data Data’ from the holding latch unit 123 and generates the m data
signals corresponding to the input corrected data Data’.

[0095] To this end, the DAC unit 124 includes m digital-analog converters (DACs) 1241 to 124m. In other words, the
DAC unit 124 uses the DACs 1241 to 124m positioned at respective channels to generate the m data signals and supplies
the generated m data signals to the buffer unit 125.

[0096] The buffer unit 125 supplies the m data signals supplied from the DAC unit 124 to the m data lines D1 to Dm,
respectively. To this end, the buffer unit 125 includes m buffers 1251 to 125m.

[0097] FIGS. 8A to 8G are schematic circuit diagrams for illustrating a driving method of an organic light emitting
display according to the first embodiment of the present invention

[0098] However, for convenience of description, FIGS. 8A to 8G will illustrate the first embodiment only in reference
to the pixel 140 coupled to the nth scan line Sn and the mth data line Dm (shown in FIG. 3).

[0099] As described above, the sensing of the mobility information of the driving transistor may be performed each
time the power supply is applied to the organic light emitting display or may be performed before the product is distributed
so that the performance results are pre-stored. Using the second method, the pre-stored information for the mobility
information of the driving transistor can be used without performing the extraction of the mobility information each time
the power supply is applied.

[0100] FIGS. 8A to 8G illustrate the example in which the sensing of the mobility information of the driving transistor
is performed each time the power supply is applied to the organic light emitting display. However, it should be apparent
to those skilled in the art that the present invention is not limited thereto.

[0101] Hereinafter, the driving method of the organic light emitting display according to one embodiment of the present
invention will be described in more detail with reference to FIGS. 8A to 8G.

[0102] First, FIG. 8A illustrates an operation during a first non-display period from after the power supply is applied to
the organic light emitting display to before the image is displayed.

[0103] The operation for sensing (OLED degradation sensing) the degradation information on the organic light emitting
diode OLED is performed in the first non-display period.

[0104] As shown in FIG. 8A, in the first non-display period the scan signals Sn and Sn-1 are applied at a high level,
the sensing signal CLn is applied at a low level, and the emission control signal En is applied at a high level so that only
the fourth transistor M4 within the pixel circuit of the pixel 140 is turned on.

[0105] Also, in the switching unit 170 the first switch sw1 is turned off and the second switch sw2 is turned on so that
the pixel 140 is coupled to the sensor 180.

[0106] Further, within the sensing circuit 181 the first switching element SW1 coupled to the current source unit 185
is turned on and the second and third switching elements SW2 and SW3 coupled to the first and second current sink
units 186 and 187 are turned off. At this time, for example, the first current Iref supplied by the current source unit 185
can be set to the current value Imax that flows to the organic light emitting diode OLED when the pixel 140 is light-
emitted at maximum luminance. The first current Iref supplied by the current source unit 185 according to the application
of the signals as above is applied to the organic light emitting diode OLED via the data line Dm and the fourth transistor
M4 within the pixel 140.

[0107] Therefore, the voltage (predetermined voltage or first voltage, Vo gp) applied to the anode electrode of the
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organic light emitting diode OLED is equally applied to the sensing circuit 181 and the first voltage Vg, gp is supplied to
the ADC 182.

[0108] In other words, the first voltage Vg gp generated through the current source unit 185 has the degradation
information of the organic light emitting diode OLED.

[0109] The ADC 182 converts the first voltage V| gp supplied from the sensing circuit 181 to the first digital value and
the memory 191 stores the first digital value supplied by the ADC 182. In practice, the memory 191 stores the degradation
information of the respective organic light emitting diode OLEDs of all pixels 140 included in the display region 130.
[0110] Next, FIGS. 8B and 8C illustrate an operation from after the first non-display period of FIG. 8A to a second
non-display period prior to the display of image.

[0111] The sensing operation of the mobility information of the second transistor M2 as the driving transistor within
the pixel 140 is performed in the second non-display period.

[0112] In the described embodiment of the present invention, in order to sense the mobility information of the second
transistor M2, the second non-display period is divided into two periods so that the operations for sinking currents are
performed independently.

[0113] In other embodiments, as described above, the sensing of the mobility information of the second transistor M2
may be performed before the product is distributed so that the performance results are pre-stored. This way, the pre-
stored information of the mobility information of the driving transistor can be used without performing the extraction of
the mobility information each time the power supply is applied.

[0114] As shown in FIG. 8B, in a first period of the second non-display period, the previous scan signal Sn-1 of a
previous row of pixels is applied at a low level, the scan signal Sn is applied at a high level, the sensing signal CLn is
applied at a low level, and the emission control signal En is applied at a high level so that the third transistor M3, the
fourth transistor M4, and the fifth transistor M5 within the pixel circuit of the pixel 140 are turned on. Also, because the
fifth transistor M5 is turned on, the second transistor M2 is diode-connected and turned on.

[0115] Further, because the previous scan signal Sn-1 is applied at a low level, the sixth transistor M6 is turned on.
As a result, the reference voltage Vref applied to the first electrode of the sixth transistor M6 is applied to the first node A.
[0116] Also, in the switching unit 170 the first switch sw1 is turned off and the second switch sw2 is turned on so that
the pixel 140 is coupled to the sensor 180.

[0117] Further, within the sensing circuit 181 the first switching element SW1 coupled to the current source unit 185
is turned off, the second switching unit SW2 coupled to the first current sink unit 186 is turned on and the third switching
unit SW3 coupled to the second current sink unit 187 is turned off. At this time, the second current sunk in the first current
sink unit 186 may be (1/4)Blmax as an example as shown (§ is a constant) in FIG. 8B.

[0118] Also, the cathode electrode of the organic light emitting diode OLED is applied with a high-level voltage rather
than the second voltage ELVSS. This is to prevent the current sunk in the first current sink unit 186 from being supplied
to the organic light emitting diode (OLED).

[0119] The first current sink unit 186 sinks the second current, that is, (1/4)BImax from the first power supply ELVDD
via the second switching element SW2, the data line Dm, the fourth transistor M4, the third transistor M3, and the second
transistor M2 according to the application of the signals as above. When the second current is sunk in the first current
sink unit 186, the second voltage Vg4 4 is applied to the first current sink unit 186.

[0120] That s, the second voltage \7@171 is as follows:

1
Vi = ELVDD -

(n: the mobility of the second transistor M2, W/L: the ratio of width to length of the channel of the second transistor M2,
Vth: the threshold voltage of the second transistor M2)

[0121] As represented by the above equation, since the second current is sunk via the second transistor M2, the
second voltage Vg4 4 includes the threshold voltage/mobility information of the second transistor M2.

[0122] Next, as shown in FIG. 8C, in a second period of the second non-display period, the previous scan signal Sn-
1 is applied at a low level, the scan signal Sn is applied at a high level, the sensing signal CLn is applied at a low level,
and the emission control signal En is applied at a high level so that the third transistor M3, the fourth transistor M4, and
the fifth transistor M5 within the pixel circuit of the pixel 140 are turned on. Also, because the fifth transistor M5 is turned
on, the second transistor M2 is diode-connected and turned on.

[0123] Further, because the scan signal Sn-1 of the previous stage is applied at a low level, the sixth transistor M6 is
turned on. As a result, the reference voltage Vref applied to the first electrode of the sixth transistor M6 is applied to the
first node A.
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[0124] Also, in the switching unit 170 the first switch sw1 is turned off and the second switch sw2 is turned on so that
the pixel 140 is coupled to the sensor 180.

[0125] Further, within the sensing circuit 181 the first switching element SW1 coupled to the current source unit 185
is turned off, the second switching unit SW2 coupled to the first current sink unit 186 is turned off and the third switching
unit SW3 coupled to the second current sink unit 187 is turned on. At this time, the third current sunk in the second
current sink unit 187 may be Blmax as an example as shown (f is a constant) in FIG. 8C.

[0126] In other words, the third current corresponds to four times the current sunk in the first current sink unit 186.
However, this is only one embodiment and the present invention is not limited thereto. By way of example, the third
current corresponds to 4j(j is an integer) times the second current.

[0127] Also, the cathode electrode of the organic light emitting diode OLED is applied with a high-level voltage rather
than the second voltage ELVSS. This is to prevent the current sunk in the second current sink unit 187 from being
supplied to the organic light emitting diode(OLED).

[0128] The second current sink unit 187 sinks the third current, that is, Blmax from the first power supply ELVDD via
the third switching element SW3, the data line Dm, the fourth transistor M4, the third transistor M3, and the second
transistor M2 according to the application of the signal as above. When the third current is sunk in the second current
sink unit 187, the third voltage Vg , is applied to the second current sink unit 187.

[0129] That s, the third voltage \7G1_2 is as follows:

2B7

Voo » =ELVDD — | —————-V,
WCo W /L) "

[0130] As represented by the equation, since the third current is sunk via the second transistor M2, the third voltage
Vg4 2 includes the threshold voltage/mobility information of the second transistor M2.

[0131] When the second voltage Vg, 4 and the third voltage V4 , through the first and second current sink units 186
and 187 are measured, the information Eorresponding to the difference of the second voltage Vg 4 and the third voltage
Vg1 5 is supplied to the ADC 182. -

[0132] At this time, the absolute value of the difference (| second voltage-third voltage |) between the second voltage
and the third voltage is

2B1 0

Vi o =V | == |——x
Gl 2 Gl 1 uC,. (W /L)

N | =

[0133] As shown, this equation has the mobility information of the second transistor M2.

[0134] Therefore, the ADC 182 converts the difference between the second voltage Vg4 4 and the third voltage Vg4 »
supplied from the sensing circuit 181 to the second digital value and the memory 191 stores the second digital value
supplied fromthe ADC 182. In practice, the memory 191 stores the mobility information of the respective driving transistors
M2 of all pixels 140 included in the display region 130.

[0135] In other words, the memory 191 stores the first digital value and the second digital value supplied from the
ADC 182, through the operations illustrated in FIGS. 8A to 8C. As a result, the memory 191 stores the mobility information
of the second transistor M2 and the degradation information of the organic light emitting diode OLED of each pixel 140
included in the display region 130.

[0136] The conversion circuit 192 uses the first digital value and the second digital value stored in the memory 191
to convert the input data Data transferred from the timing controller 150 to the corrected data Data’ so that the image
with substantially uniform luminance can be displayed irrespective of the degradation of the organic light emitting diodes
OLEDs and the mobility of the driving transistor M2.

[0137] In other words, the conversion circuit 192 converts the data Data input from the timing controller 150 to the
corrected data Data’ by determining the degradation degree of the organic light emitting diode OLED included in each
pixel 140 by referencing the first digital value and at the same time, measuring the mobility of the second transistor M2
included in each pixel 140 by referencing the second digital value. Thereafter, the conversion circuit 192 supplies the
corrected data Data’ to the data driver 120. This way, the image with substantially uniform luminance can be displayed
irrespective of the mobility of the second transistor M2 while reducing or preventing the generation of light with low
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luminance as the organic light emitting diode OLED is degraded.

[0138] Next, the data signals corresponding to the corrected data ("converted data") Data’ are provided to the pixels
140 and ultimately, the pixels are emitted to have gray levels corresponding to the data signals.

[0139] The process of emitting light by inputting the corrected data Data’ to the pixels 140 is divided into an initialization
period, a threshold voltage storing (Vth storing) period, a period in which the voltages corresponding to the data signals
are charged, that is, the programming period, and an emission period. The operations of these periods will be described
below with reference to FIGS. 8D to 8G.

[0140] FIG. 8D corresponds to the initialization period. In the initialization period, the previous scan signal Sn-1 is
applied at a low level, the scan signal Sn is applied at a high level, the sensing signal CLn is applied at a high level, and
the emission control signal En is applied at a low level as shown in FIG. 8D.

[0141] Accordingly, the sixth transistor M6 is turned on so that the reference voltage Vref is applied to the first node
A and the fifth transistor M5 and the third transistor M3 are turned on so that the gate electrode of the second transistor
M2, that is, the voltage of the second node B is initialized to the second voltage ELVSS applied to the cathode electrode
of the organic light emitting diode OLED.

[0142] At this time, the reference voltage Vref is a high-level voltage and can be supplied by the first power supply
ELVDD, and the second power supply ELVSS can be supplied by a ground power supply (GND, 0V). In other words,
the voltage of the second node B can be initialized to 0V.

[0143] Further, in the switching unit 170 the first switch sw1 is turned on and the second switch sw2 is turned off so
that the pixel 140 is coupled to the data driver 120. Therefore, all the first to third switching elements SW1, SW2, SW3
within the sensing circuit 181 are turned off.

[0144] FIG. 8E corresponds to the threshold voltage storing (Vth storing) period. In the Vth storing period, the previous
scan signal Sn-1 is applied at a low level, the scan signal Sn is applied at a high level, the sensing signal CLn is applied
at a high level, and the emission control signal En is applied at a low level as shown so that the fifth and sixth transistors
M5 and M6 within the pixel circuit of the pixel 140 are turned on. Because the fifth transistor M5 is turned on, the second
transistor M2 is diode-connected and turned on.

[0145] In other words, the first node A is applied with the same reference voltage Vref as in the previous period and
the second node B is applied with the voltage ELVDD-Vth corresponding to the difference between the first voltage
ELVDD and the threshold voltage Vth of the second transistor M2 using the turn on of the second and fifth transistors
M2 and M5.

[0146] Therefore, as described above when the reference voltage Vref is equal to the first voltage EVLDD, the second
capacitor C2 coupled between the first node A and the second node B is stored with the threshold voltage Vth of the
second transistor M2.

[0147] Also, as in the initialization period, in the switching unit 170 the first switch sw1 is turned on and the second
switch sw2 is turned off so that the pixel 140 is coupled to the data driver 120. Accordingly, all the first to third switching
elements SW1, SW2, SW3 within the sensing circuit 181 are turned off.

[0148] FIG. 8F corresponds to the period where the voltages corresponding to the data signals are charged, that is,
the programming period. In the programming period, the previous scan signal Sn-1 is applied at a high level, the scan
signal Sn is applied at a low level, the sensing signal CLn is applied at a high level, and the emission control signal En
is applied at a high level as shown so that only the first transistor M1 within the pixel circuit of the pixel 140 is turned on.
[0149] Accordingly, the data signals output from the data driver 120 can be applied to the pixel circuit of the pixel 140.
[0150] At this time, the data signals are data signals corresponding to the converted corrected data Data’ so that the
image with substantially uniform luminance can be displayed irrespective of the degradation of the organic light emitting
diode OLED and the mobility of the driving transistor M2.

[0151] The data signals are applied to the pixel circuit of the pixel so that the voltage of the first node A is changed.
As aresult, the voltage of the second node B is changed through the coupling of the first and second capacitors C1 and C2.
[0152] Accordingly, the voltage applied to the second voltage B through the programming period is as follows as an
example:

ELVDD —(

€2 [ 100 Data, 2Bl
100—0” 2F —1

Cl+C2 X )uCOX(W/L) S

where 100/(100-a) is a current ratio for compensating for the degradation degree of the organic light emitting diode
OLED, Data/(2%-1) is a value controlled to represent the gray levels using the first input data Data (k is the number of
bits of DAC within the data driver), B is current ratio of sunk current ((1/4)Imax, Imax).

[0153] Also, as in the previous initialization period, in the switching unit 170 the first switch sw1 is turned on and the
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second switch sw2 is turned off so that the pixel 140 is coupled to the data driver 120. Therefore, all the first to third
switching elements SW1, SW2, SW3 within the sensing circuit 181 are turned off.

[0154] Finally, FIG. 8G corresponds to the period where the organic light emitting diodes OLEDs are light emitted at
the gray levels corresponding to the charged data signals. In the light emission period, the previous scan signal Sn-1 is
applied at a high level, the scan signal Sn is applied at a high level, the sensing signal CLn is applied at a high level,
and the emission control signal En is applied at a low level as shown in FIG. 8G. As a result, the third transistor M3 is
turned on.

[0155] In other words, the third transistor M3 is turned on so that the current corresponding to the programmed voltage
is applied to the organic light emitting diode OLED via the third transistor M3. As a result, the organic light emitting diode
OLED finally light emits light at the gray level corresponding to the current.

[0156] Also, as in the previous initialization period, in the switching unit 170 the first switch sw1 is turned on and the
second switch sw2 is turned off so that the pixel 140 is coupled to the data driver 120. Therefore, all the first to third
switching elements SW1, SW2, SW3 within the sensing circuit 181 are turned off.

[0157] The current Iy corresponding to the programmed voltage can be represented by the following equation.

1
1, = EMCOX (W/L)(VSG _Vzh)2

=%HCOX(W/L) ELVDD —| ELVDD —(—S2 )J( 100 ) Datay 2Pl __p |

Cl+C2°\'100-0" 2" =1" nCo (W /L)
( c2 Y( 100 Y Data 81
Cl+C2 (100 - }2F—1) ™

[0158] As can be appreciated from the above equation, the current input to the organic light emitting diode OLED
compensates for the degradation degree of the organic light emitting diode OLED and does not reflect the characteristics
of the mobility and threshold voltage of the driving transistor M2. Therefore, an image with substantially uniform luminance
can be displayed irrespective of the degradation of the organic light emitting diode OLED and the mobility of the driving
transistor M2.

[0159] FIG. 9Ato 9G are schematic circuit diagrams for illustrating a driving method of an organic light emitting display
according to the second embodiment of the present invention.

[0160] For convenience of description, FIGS. 9A to 9G will illustrate the second embodiment only in reference to the
pixel 140’ coupled to the nth scan line Sn and the mth data line Dm (shown in FIG. 4).

[0161] As described above, the sensing of the mobility information of the driving transistor may be performed each
time the power supply is applied to the organic light emitting display or may be performed before the product is distributed
so that the performance results are pre-stored. Using the second method, the pre-stored information for the mobility
information of the driving transistor can be used without performing the extraction of the mobility information each time
the power supply is applied.

[0162] FIGS. 9A to 9G illustrate the example in which the sensing of the mobility information of the driving transistor
is performed each time the power supply is applied to the organic light emitting display. However, it should be apparent
to those skilled in the art that the present invention is not limited thereto.

[0163] Hereinafter, the driving method of the organic light emitting display according to one embodiment of the present
invention will be described in more detail with reference to FIGS. 9A to 9G.

[0164] First, FIG. 9A illustrates an operation during a first non-display period from after the power supply is applied to
the organic light emitting display to before the image is displayed.

[0165] The operation for sensing (OLED degradation sensing) the degradation information on the organic light emitting
diode OLED is performed in the first non-display period.

[0166] As shown in FIG. 9A, in the first non-display period the scan signals Sn and Sn-1 are applied at a high level,
the sensing signal CLn is applied at a low level, and the emission control signal En is applied at a high level so that only
the fourth transistor M4’ within the pixel circuit of the pixel 140’ is turned on.

[0167] Also, in the switching unit 170 the first switch sw1 is turned off and the second switch sw2 is turned on so that
the pixel 140’ is coupled to the sensor 180.

12



10

15

20

25

30

35

40

45

50

55

EP 2 028 639 A2

[0168] Further, within the sensing circuit 181 the first switching element SW1 coupled to the current source unit 185
is turned on and the second and third switching elements SW2 and SW3 coupled to the first and second current sink
units 186 and 187 are turned off. At this time, for example, the first current Iref supplied by the current source unit 185
can be set to the current value Imax that flows to the organic light emitting diode OLED when the pixel 140’ is light-
emitted at maximum luminance. The first current Iref supplied by the current source unit 185 according to the application
of the signals as above is applied to the organic light emitting diode OLED via the data line Dm and the fourth transistor
M4’ within the pixel 140’.

[0169] Therefore, the voltage (predetermined voltage or first voltage) applied to the anode electrode of the organic
light emitting diode OLED is equally applied to the sensing circuit 181 and the first voltage is supplied to the ADC 182.
[0170] In other words, the first voltage generated through the current source unit 185 has the degradation information
of the organic light emitting diode OLED.

[0171] The ADC 182 converts the first voltage supplied from the sensing circuit 181 to the first digital value and the
memory 191 stores the first digital value supplied by the ADC 182. In practice, the memory 191 stores the degradation
information of the respective organic light emitting diodes OLEDs of all pixels 140’ included in the display region.
[0172] Next, FIGS. 9B and 9C illustrate an operation from after the first non-display period of the FIG. 9A to a second
non-display period prior to the display of image.

[0173] The sensing operation of the mobility information of the second transistor M2’ as the driving transistor within
the pixel 140’ is performed in the second non-display period.

[0174] In the described embodiment of the present invention, in order to sense the mobility information of the second
transistor M2’, the second non-display period is divided into two periods so that the operations for sinking currents are
performed independently.

[0175] In other embodiments, as described above, the sensing of the mobility information of the second transistor M2’
may be performed before the product is distributed so that the performance results are pre-stored. This way, the pre-
stored information of the mobility information of the driving transistor can be used without performing the extraction of
the mobility information each time the power supply is applied.

[0176] As shown in FIG. 9B, in a first period of the second non-display period, the previous scan signal Sn-1 of a
previous row of pixels is applied at a low level, the scan signal Sn is applied at a low level, the sensing signal CLn is
applied at a high level, and the emission control signal En is applied at a high level so that the first transistor M1’, and
the fifth and seventh transistors M5’ and M7’ within the pixel circuit of the pixel 140’ are turned on. Also, because the
fifth transistor M5’ is turned on, the second transistor M2’ is diode-connected to be turned on.

[0177] Further, a high level signal is applied to the switching element T1 included in the pixel 140’ to turn on the
switching element T1 so that the pixel 140’ is coupled to the sensing unit 180 through the control line Cm. At this time,
in the switching unit 170 both the first and second switches sw1 and sw2 are turned off.

[0178] Further, within the sensing circuit 181 the first switching element SW1 coupled to the current source unit 185
is turned off, the second switching unit SW2 coupled to the first current sink unit 186 is turned on and the third switching
unit SW3 coupled to the second current sink unit 187 is turned off. At this time, the second current sunk in the first current
sink unit 186 may be (1/4)Blmax as an example as shown in FIG. 9B, where f is a constant.

[0179] The first current sink unit 186 sinks the second current, that is, (1/4)BImax from the first power supply ELVDD
via the second switching element SW2, the control line Cm, the switching element T1 in the pixel, the seventh transistor
M7’, the fifth transistor M5’, and the second transistor M2’ according to the application of the signal as above. When the
second current s sunk in the first current sink unit 186, the second voltage Vg4 1 is applied to the first current sink unit 186.
[0180] Thatis, the second voltage Vg4 4 is as follows: B

1 [ 2BI
V. ,=ELVDD —= _ 2Bl -V,
- 2V uC, (W/L)

(: the mobility of the second transistor M2’, W/L: the ratio of width to length of the channel of the second transistor M2’,
Vth: the threshold voltage of the second transistor M2’)

[0181] As represented by the above equation, since the second current is sunk via the second transistor M2’, the
second voltage Vg, 4 includes the threshold voltage/mobility information of the second transistor M2'.

[0182] Next, as shown in FIG. 9C, in a second period of the second non-display period, the previous scan signal Sn-
1 is applied at a low level, the scan signal Sn is applied at a low level, the sensing signal CLn is applied at a high level,
and the emission control signal En is applied at a high level so that the first transistor M1’, the fifth transistor M5’, and
the seventh transistor M7’ within the pixel circuit of the pixel 140’ are turned on. Also, because the fifth transistor M5’ is
turned on, the second transistor M2’ is diode-connected and turned on.
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[0183] Further, a high level signal is applied to the switching element T1 included in the pixel 140’ to turn on the
switching element T1 so that the pixel 140’ is coupled to the sensing unit 180 through the control line Cm. At this time,
in the switching unit 170 all the first and second switches sw1 and sw2 are turned off. Further, within the sensing circuit
181 the first switching element SW1 coupled to the current source unit 185 is turned off, the second switching unit SW2
coupled to the first current sink unit 186 is turned off and the third switching unit SW3 coupled to the second current sink
unit 187 is turned on. At this time, the third current sunk in the second current sink unit 187 may be flmax as an example
as shown in FIG. 9C, where B is a constant.

[0184] In other words, the third current corresponds to four times the current sunk in the first current sink unit 186.
However, this is only one embodiment and the present invention is not limited thereto. By way of example, the third
current corresponds to 4j(j is an integer) times the second current.

[0185] The second current sink unit 187 sinks the third current, that is, Blmax from the first power supply ELVDD via
the third switching element SW3, the control line Cm, the switching element T1 in the pixel 140’, the seventh transistor
M7’, the fifth transistor M5’, and the second transistor M2’ according to the application of the signal as above. When the
third currentis sunkin the second current sink unit 187, the third voltage Vg , is appliedto the second current sink unit 187.
[0186] Thatis, the third voltage Vg4 , is as follows: B

Vs, ,=ELVDD -

[0187] Asrepresented by the equation, since the third current is sunk via the second transistor M2’, the second voltage
Vg1 2 includes the threshold voltage/mobility information of the second transistor M2'.

[0188] When the second voltage Vg4 1 and the third voltage Vg, , through the first and second current sink units 186
and 187 are measured, the information Eorresponding to the difference of the second voltage Vg 4 and the third voltage
Vg1 2 is supplied to the ADC 182. -

[01 8_9] At this time, the absolute value of the difference ( | second voltage-third voltage | ) between the second voltage

and the third voltageis V', , — . As shown, this equation has the mobility information

of the second transistor M2’.

[0190] Therefore, the ADC 182 converts the difference between the second voltage Vg4 4 and the third voltage Vg4 »
supplied from the sensing circuit 181 to the second digital value and the memory 191 stores the second digital value
supplied fromthe ADC 182. In practice, the memory 191 stores the mobility information of the respective driving transistors
M2’ of all pixels 140’ included in the display region.

[0191] In other words, the memory 191 stores the first digital value and the second digital value supplied from the
ADC 182, through the operations illustrated in FIGS. 9A to 9C. As a result, the memory 191 stores the mobility information
of the second transistor M2’ and the degradation information of the organic light emitting diode OLED of each pixel 140’
included in the display region 130.

[0192] The conversion circuit 192 uses the first digital value and the second digital value stored in the memory 191
to convert the input data Data transferred from the timing controller 150 to the corrected data Data’ so that the image
with substantially uniform luminance can be displayed irrespective of the degradation of the organic light emitting diodes
OLEDs and the mobility of the driving transistor M2’.

[0193] In other words, the conversion circuit 192 converts the data Data input from the timing controller 150 to the
corrected data Data’ by determining the degradation degree of the organic light emitting diode OLED included in each
pixel 140’ by referencing the first digital value and at the same time, measuring the mobility of the second transistor M2’
included in each pixel 140’ by referencing the second digital value. Thereafter, the conversion circuit 192 supplies the
corrected data Data’ to the data driver 120. This way, the image with substantially uniform luminance can be displayed
irrespective of the mobility of the second transistor M2’ while reducing or preventing the generation of light with low
luminance as the organic light emitting diode OLED is degraded.

[0194] Next, the data signals corresponding to the corrected data ("converted data") Data’ are provided to the pixels
140’ and ultimately, the pixels are emitted to have gray levels corresponding to the data signals.

[0195] The process of emitting light by inputting the corrected data Data’ to the pixels 140’ is divided into an initialization
period, a threshold voltage storing period and a period in which the voltages corresponding to the data signals are
charged(programmed) (Vth storing and programming) period, a boosting period, and an emission period. The operations
of these periods will be described below with reference to FIGS. 9D to 9G.

14



10

15

20

25

30

35

40

45

50

55

EP 2 028 639 A2

[0196] FIG. 9D corresponds to the initialization period. In the initialization period, the previous scan signal Sn-1 is
applied at a low level, the scan signal Sn is applied at a high level, the sensing signal CLn is applied at a high level, and
the emission control signal En is applied at a low level as shown in FIG. 9D.

[0197] Further, the switching element T1 is turned off so that the reference voltage Vref is applied to the first electrode
of the sixth transistor M6’.

[0198] At this time, the reference voltage Vref is a ground voltage (GND, 0V), for example.

[0199] Accordingly, the seventh transistor M7’ is turned on so that the voltage applied to the second electrode of the
seventh transistor M7’, that is, the gate voltage of the second transistor M2’ is initialized to the reference voltage Vref.
[0200] Also, in the switching unit 170, both the first switch sw1 and the second switch sw2 are turned off so that the
pixel 140’ is not coupled to the data driver 120 and the sensing unit 180 in the initialization period.

[0201] FIG. 9E corresponds to the threshold voltage storing and programming (Vth storing and programming) period.
In the Vth storing and programming period, the previous scan signal Sn-1 is applied at a high level, the scan signal Sn
is applied at a low level, the sensing signal CLn is applied at a high level, and the emission control signal En is applied
at a high level as shown so that the switching element T1 is turned off to couple the first electrode of the sixth transistor
M6’ to the reference voltage (Vref) source.

[0202] Therefore, the first and fifth transistors M1’ and M5’ within the pixel circuit of the pixel 140’ are turned on. Also,
because the fifth transistor M5’ is turned on, the second transistor M2’ is diode-connected and turned on.

[0203] In other words, the second node B is applied with the voltage ELVDD-Vth corresponding to the difference
between the first voltage ELVDD and the threshold voltage Vth of the second transistor M2’ using the turn-on of the
second and fifth transistors M2’ and M5'.

[0204] Therefore, as described above when the reference voltage Vrefis equal to the first voltage EVLDD, the capacitor
C2 coupled between the firstnode A and the second node B is stored with the threshold voltage of the second transistor M2.
[0205] Also, in the switching unit 170 the first switch sw1 is turned on and the second switch sw2 is turned off so that
the pixel 140’ is coupled to the data driver 120. Accordingly, all the first to third switching elements SW1, SW2, SW3
within the sensing circuit 181 are turned off.

[0206] In other words, in the period in which the data signals applied from the data driver 120, that is, the data signals
corresponding to the corrected data Data’, are supplied to the pixel 140’ and the data signals are applied to the first
node A via the data line Dm and the first transistor M1’

[0207] At this time, the voltage applied to the first node A using the data signal is as follows as an example:

100  Data. 2Bl

ref (]()() —-Q )(2k —1) HCOX(W/L)

where 100/(100-0) is a current ratio for compensating for the degradation degree of the organic light emitting diode
OLED, Data/(2%-1) is a value controlled to represent the gray levels using the first input data Data (k is the number of
bits of DAC within the data driver), B is current ratio of sunk current ((1/4)Imax, Imax).

[0208] FIG. 9F corresponds to a boosting period. In the boosting period, the previous scan signal is applied at a high
level, the scan signal Sn is applied at a high level, the sensing signal CLn is applied at a high level, and the emission
control signal En is transitioned to low level as shown so that the sixth transistor M6’ within the pixel circuit of the pixel
140’ is turned on.

[0209] Therefore, the reference voltage Vref supplied to the first electrode of the sixth transistor M6’ is applied to the
first node A so that the voltage of the first node A is changed using the data signal applied in a previous programming
period. Therefore, the voltage of the second node B is changed by boosting according to the first and second capacitors
C1and C2.

[0210] Accordingly, the voltage applied to the second node B through the boosting period is as follows as an example:

ELVDD—(

€2, [ 100 Data) " 2B,
100—0” 2 -1

-V,
C1+C2 X )uCOX(W/L) *

[0211] Also, as in the previous programming period, in the switching unit 170 the first switch sw1 is turned on and the
second switch sw2 is turned off so that the pixel 140’ is coupled to the data driver 120. Therefore, all the first to third
switching elements SW1, SW2, SW3 within the sensing circuit 181 are turned off.
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[0212] Finally, FIG. 9G corresponds to the period where the organic light emitting diodes OLEDs are light emitted at
the gray levels corresponding to the charged data signals. In the light emission period, the previous scan signal Sn-1 is
applied at a high level, the scan signal Sn is applied at a high level, the sensing signal CLn is applied at a high level,
and the emission control signal En is applied at a low level as shown in FIG. 9G so that the third transistor M3’ is turned on.
[0213] Inother words, the third transistor M3’ is turned on so that the current corresponding to the programmed voltage
is applied to the organic light emitting diode OLED via the third transistor M3’. As a result, the organic light emitting diode
OLED finally light emits light at the gray level corresponding to the current.

[0214] Also, asin the previous period, in the switching unit 170 the first switch sw1 is turned on and the second switch
sw2 is turned off so that the pixel 140’ is coupled to the data driver 120. Therefore, all the first to third switching elements
SWH1, SW2, SW3 within the sensing circuit 181 are turned off.

[0215] The current Iy corresponding to the programmed voltage can be represented by the following equation.

1
I, = EMCOX (W/L)(VSG _Vzh)2

= 2uCo 7/ 1) ELVDD -| ELvDD ~( S [y Datty Bl _y |y,
2 Cl+C2\ 100—a 25 —1’ nCyr (W /L)

( c2 Y( 100 Y Data 1
Cl+C2 )| 100 —a ) 25 =1 ***

[0216] As can be appreciated from the above equation, the current input to the organic light emitting diode OLED
compensates for the degradation degree of the organic light emitting diode OLED and does not reflect the characteristics
ofthe mobility and threshold voltage of the driving transistor M2'. Therefore, animage with substantially uniform luminance
can be displayed irrespective of the degradation of the organic light emitting diode OLED and the mobility of the driving
transistor M2’

[0217] With the embodiment of the present invention, it has an advantage that the image with uniform luminance can
be displayed irrespective of the degradation of the organic light emitting diode and the threshold voltage/mobility of the
driving transistor.

Claims
1. Anorganic light emitting display comprising:

a plurality of pixels (140) at crossing portions of data lines (D1...Dm), scan lines (S1...Sn), and emission control
lines (E1...En), each of the plurality of pixels (140) comprising an organic light emitting diode for emitting light
and a driving transistor configured to drive the organic light emitting diode;

a sensor (180) configured to sense degradation information of the organic light emitting diodes and mobility
information of the driving transistors;

a converter (190) configured to store the degradation information of the organic light emitting diodes and the
mobility information of the driving transistors and to convert input data to corrected data by utilizing the degra-
dation information and the mobility information; and

a data driver (120) configured to receive the corrected data output from the converter (190) and generate data
signals utilizing the corrected data to be supplied to the plurality of pixels (140) via the data lines.

2. The organic light emitting display as claimed in claim 1, further comprising a switching unit (170) configured to
selectively couple the sensor (180) or the data driver (120) to the data lines.

3. The organic light emitting display as claimed in claim 2, wherein the switching unit (170) comprises a pair of switches
(SW1, SW2) for each channel, the pair of switches (SW1, SW2) comprising a first switch (SW1) between the data
driver (120) and a corresponding one of the data lines and configured to be turned on when the data signals are
supplied; and the second switch (SW2) between the sensor (180) and the corresponding one of the data lines and
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configured to be turned on when the degradation information and the mobility information are sensed.

The organic light emitting display as claimed in any one of the preceding claims, wherein the sensor (180) comprises
sensing circuits, wherein each sensing circuit corresponds to one of the data lines.

The organic light emitting display as claimed in claim 4, wherein the sensing circuit comprises:

acurrentsource unit (185) configured to supply afirst current to a corresponding one of the plurality of pixels (140);
a first current sink unit (186) configured to sink a second current from said corresponding one of the plurality of
pixels (140); and

a second current sink unit (187) configured to sink a third current from said corresponding one of the plurality
of pixels (140).

The organic light emitting display as claimed in claim 5, wherein the third current corresponds to 4j times the second
current, where j is an integer.

The organic light emitting display as claimed in any one of the preceding claims, further comprising an analog-digital
converter (182) for converting the degradation information of the organic light emitting diode to a first digital value
and converting the mobility information of the driving transistor to a second digital value.

The organic light emitting display as claimed in claim 5, wherein the converter (190) comprises:

a memory (191) for storing the first digital value and the second digital value;

a conversion circuit (192) configured to convert the input data to the corrected data utilizing the first digital value
and the second digital value stored in the memory (191) so as to display an image with substantially uniform
luminance irrespective of degradation of the organic light emitting diode and mobility of the driving transistor.

The organic light emitting display as claimed in any one of the preceding claims, wherein each of the plurality of
pixels (140) further comprises:

a first transistor (M1) coupled between a corresponding one of the data lines and a first node, the first transistor
(M1) having a gate electrode coupled to a corresponding one of the scan lines, wherein the driving transistor
is a second transistor (M2) having a gate electrode coupled to a second node and having a first electrode
coupled to a first power supply;

a third transistor (M3) coupled between the second electrode of the second transistor (M2) and an anode
electrode of the organic light emitting diode, the third transistor (M3) having a gate electrode coupled to a
corresponding one of the emission control lines;

a fourth transistor (M4) coupled between the corresponding one of the data lines and the second electrode of
the third transistor (M3), the fourth transistor (M4) having a gate electrode coupled to a sensing line;

a fifth transistor (M5) coupled between the gate electrode and the second electrode of the second transistor,
the fifth transistor (M5) having a gate electrode coupled to a previous scan line among the scan lines;

a sixth transistor (M6) coupled between a reference voltage source and the first node, the sixth transistor having
a gate electrode coupled to the previous scan line;

a first capacitor (C1) coupled between the first power supply and the second node; and

a second capacitor (C2) coupled between the first node and the second node.

10. The organic light emitting display as claimed in any one of claims 1 to 8, wherein each of a the plurality of pixels

comprises:

a first transistor (M1’) coupled between a corresponding one of the data lines and a first node, the first transistor
(M1’) having a gate electrode coupled to a corresponding one of the scan lines, wherein the driving transistor
is a second transistor (M2') having a gate electrode coupled to a second node and having a first electrode
coupled to a first power supply;

a third transistor (M3’) coupled between the second electrode of the second transistor and an anode electrode
of the organic light emitting diode, the third transistor (M3’) having a gate electrode coupled to a corresponding
one of the emission control lines;

a fourth transistor (M4’) coupled between the corresponding one of the data lines and the second electrode of
the third transistor (M3’), the fourth transistor (M4’) having a gate electrode coupled to a sensing line;
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a fifth transistor (M5’)coupled between the gate electrode and the second electrode of the second transistor
(M2), the fifth transistor (M5’) having a gate electrode coupled to the corresponding one of the scan lines;

a sixth transistor (M6’) coupled between a reference voltage source or a control line and the first node, the sixth
transistor (M6’) having a gate electrode coupled to the corresponding one of the emission control lines;

a switching element for coupling the first electrode of the sixth transistor (M6’) to the reference voltage source
or the control line;

a first capacitor (C1’) coupled between the first power supply and the second node;

a second capacitor (C1’) coupled between the first node and the second node; and

a seventh transistor (M7’) coupled between the first electrode of the sixth transistor (M6’) and the gate electrode
of the second transistor (M2’), the seventh transistor (M7’) having a gate electrode coupled to a previous scan
line among the scan lines.

The organic light emitting display as claimed in claim 9, wherein an emission control signal supplied to the emission
control lines is applied at a high level in a period where a voltage corresponding to a corresponding one of the data
signals is charged in the first and second capacitors, a period where a threshold voltage of the second transistor is
stored, and a period where the degradation information of the organic light emitting diode is sensed.

The organic light emitting display as claimed in claim 10, wherein an emission control signal supplied to the emission
control lines is applied at a high level in a period where the degradation information on the organic light emitting
diode is sensed, a period where the mobility information of the second transistor is sensed, an initialization period,
a period where a threshold voltage of the second transistor is stored, and a period where a voltage corresponding
to a data signal among the data signals is charged.

The organic light emitting display as claimed in claim 11 or 12, wherein the first to sixth or first to seventh transistors
comprise PMOS transistors.

The organic light emitting display as claimed in any one of claims 9 to 13, wherein a sensing signal supplied to the
sensing line is applied at a low level in the period where the degradation information of the organic light emitting
diode is sensed and a period where the mobility information of the second transistor is sensed.

The organic light emitting display as claimed in claim 10, wherein the switching element is turned on in a period
where the mobility information of the second transistor is sensed and a corresponding one of the plurality of pixels
is coupled to the sensor through a separate control line that is different from the data line.

The organic light emitting display as claimed in claim 9, wherein a voltage of the reference voltage source has
substantially the same voltage level as a voltage of power from the first power supply.

The organic light emitting display as claimed in claim 10, wherein a voltage of the reference voltage source has
substantially the same voltage level as a voltage of a ground power supply.

A driving method of an organic light emitting display, the method comprising:

measuring voltage change across organic light emitting diodes in a plurality of pixels (140) by utilizing a first
current and storing the voltage change;

sequentially sinking a second current and a third current via driving transistors in the plurality of pixels (140) to
measure a second voltage corresponding to the second current and a third voltage corresponding to the third
current and to store a difference between the second voltage and the third voltage;

converting input data to corrected data utilizing the voltage change and the difference between the second and
third voltages to compensate for the degradation of the organic light emitting diodes and a variance in mobility
among the driving transistors; and

applying data signals corresponding to the corrected data to the plurality of pixels (140) during a display period
and compensating for threshold voltages of the driving transistors in respective pixel circuits of the plurality of
pixels through an initialization process.

The method as claimed in claim 18, wherein said measuring voltage change of organic light emitting diodes in the
plurality of pixels (140) and storing the voltage change is performed in a non-display period from after power from
a power supply is applied to the organic light emitting display to before the image is displayed, and are performed
each time the power from the power supply is applied to the organic light emitting display.
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The method as claimed in claim 18 or 19, wherein said measuring a second voltage and a third voltage and storing
the difference between the second voltage and the third voltage are performed before the organic light emitting
display device is distributed as a product so that performance results are pre-stored and utilizes the pre-stored
performance results each time power from a power supply is applied to the organic light emitting display.

The method as claimed in any one of claims 18 to 20, wherein the driving transistor is diode-connected during the
initialization process so that a voltage of the gate electrode of the driving transistor is substantially the same as a

voltage of a cathode electrode of the organic light emitting diode.

The method as claimed in any one of claims 18 to 21, wherein the voltage of the gate electrode of the driving
transistor is substantially the same as a reference voltage through the initialization process.

The method as claimed in claim 22, wherein the reference voltage has substantially the same voltage value as a
ground power supply.
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