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(57) ABSTRACT

An organic light emitting display device includes: a plurality
of pixels at crossing portions of data lines, scan lines, and
emission control lines; a sensor for sensing degradation infor-
mation of organic light emitting diodes and mobility infor-
mation of driving transistors, which are included in each
pixel; a converter for storing the degradation information of
organic light emitting diodes and the mobility information of
driving transistors, which are sensed utilizing the sensor and
converting input data to corrected data by utilizing the stored
information; and a data driver receiving the corrected data and
generating data signals to be supplied.
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1
ORGANIC LIGHT EMITTING DISPLAY AND
DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Korean Patent Application No. 10-2007-0084730, filed on
Aug. 23,2007, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

1. Field of the Invention

The present invention 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.

2. Discussion of Related Art

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 emis-
sion display (FED), a plasma display panel (PDP) and an
organic light emitting display, etc.

An organic light emitting display among the flat panel
display devices displays an image using organic light emit-
ting diodes (OLEDs) that generate light using the recombi-
nation 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.

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.

An anode electrode of the organic light emitting diode
OLED s 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.

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.

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 D,
and the scan line Sn; and a storage capacitor Cst coupled
between a first electrode and a gate electrode of the second
transistor M2.

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 capaci-
tor Cst.

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
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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.

The gate electrode ofthe second transistor M2 is coupled to
one terminal of the storage capacitor Cst and the first elec-
trode 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.

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 corre-
sponding to the amount of current supplied from the second
transistor M2.

However, there is a problem that such an organic light
emitting display cannot display an image with desired lumi-
nance due to the efficiency change according to the degrada-
tion of the organic light emitting diode OLED.

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.

SUMMARY OF THE INVENTION

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.

An organic light emitting display according to an exem-
plary embodiment of the present invention includes: a plural-
ity of pixels at crossing portions of data lines, scan lines, and
emission control lines; each of the plurality of pixels includ-
ing 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 informa-
tion 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 informa-
tion and the mobility information; and a data driver for receiv-
ing the corrected data output from the converter and for gen-
erating data signals utilizing the corrected data to be supplied
to the plurality of pixels via the data lines.

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
of pixels; converting the first voltage to a first digital value and
storing the first digital value in a memory; generating a sec-
ond voltage while sinking a second current via driving tran-
sistors 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
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an image with substantially uniform luminance utilizing the
first and second digital values stored in the memory irrespec-
tive 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.

A driving method of an organic light emitting display
according to another embodiment of the present invention
includes: measuring voltage change across organic light emit-
ting 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 plu-
rality 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 cor-
rected 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 vari-
ance in mobility among the driving transistors; and applying
data signals corresponding to the corrected data to the plural-
ity 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 initializa-
tion process.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other embodiments and features of the inven-
tion will become apparent and more readily appreciated 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 cit-
cuits shown in FIG. 5;

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

FIGS. 8A to 8G are schematic circuit diagrams for illus-
trating 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 illustrat-
ing a driving method of an organic light emitting display
according to a second embodiment of the present invention.

DETAILED DESCRIPTION

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 not only be directly coupled to the second
element but may alternately be indirectly coupled to the sec-
ond element via a third element. Further, some of the ele-
ments that are essential to the complete understanding of the
invention are omitted for clarity. Also, like reference numer-
als refer to like elements throughout.
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Hereinafter, exemplary embodiments according to the
present invention will be described with reference to the
accompanying drawings.

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

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 adatadriver
120 for driving the data lines D1 to Dm; and a timing con-
troller 150 controlling the scan driver 110, the data driver 120,
and the sensing line driver 160.

Also, the organic light emitting display according to the
embodiment of the present invention further includes: a sen-
sor 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 an image with substan-
tially uniform luminance using the stored information irre-
spective of the degradation of the organic light emitting
diodes and the mobility of the driving transistors.

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 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., predetermined luminance) is
generated from the organic light emitting diodes.

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.

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.

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.

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).

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 con-
verter 190. Also, the sensor 180 extracts the mobility infor-
mation on the driving transistors included in each pixel 140
and supplies the extracted mobility information to the con-
verter 190. To this end, the sensor 180 includes sensing cir-
cuits couple to the data lines D1 to Dm, respectively (that is,
a sensing circuit for each channel).

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

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 ofthe 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 perform-
ing the extraction of the mobility information each time the
power supply is applied.

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 infor-
mation stored in the memory irrespective of the degradation
of the organic light emitting diodes and the mobility of the
driving transistors.

The timing controller 150 controls the data driver 120, the
scan driver 110, and the sensing line driver 160.

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 ofthe
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.

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-com-
pensated within the pixel structure as will be described below.

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 m” data line (Dm) and an n™ scan line (Sn).

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.

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 emit-
ting diodes OLEDs generates light corresponding to current
supplied from the pixel circuit 142.

The pixel circuit 142 is supplied with the data signal sup-
plied to the data line Dm when the scan signal is supplied to
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the scan line Sn. Also, the pixel circuit 142 provides the
degradation information of the organic light emitting diodes
OLEDs and/or the mobility information of the driving tran-
sistor (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.

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.

The gate electrode ofthe second transistor M2 is coupled to
asecondnode B and the first electrode of the second transistor
M2 is coupled to the first power supply ELVDD.

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.

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 corresponding to
the amount of current supplied from the second transistor M2.

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 correspond-
ing 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 degrada-
tion sensing period) in which the degradation information on
the organic light emitting diode OLED is sensed.

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 tran-
sistor 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.

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.

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 elec-
trode of the sixth transistor M6 is coupled to the first node A.
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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.

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 NMOS transis-
tors in other embodiments.

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 m” data line (Dm) and an n scan line (Sn).

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.

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.

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.

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.

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 corresponding to
the amount of current supplied from the second transistor
M2'.

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' 1s 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 deg-
radation 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 thresh-
old voltage is stored, and a period (Vth storing and Program-
ming period) in which the voltages corresponding to the data
signals are charged.

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 tran-
sistor 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
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(OLED degradation sensing period) in which the degradation
information of the organic light emitting diode OLED is
sensed

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.

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
M§6' is coupled to the first node A.

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.

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 tran-
sistor is sensed.

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'.

According to the embodiment of F1G. 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.

FIG. 5 is a block diagram showing a switching unit, a
sensor, and a converter shown in FIG. 2. However, FIG. 5
shows that these devices are coupled to only the pixel 140
coupled to the m™ data line Dm for convenience of descrip-
tion.

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 sensor 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 ora
number of channels or all the channels may share one ADC).
Also, the converter 190 includes a memory 191 and a conver-
sion circuit 192.

The first switch SW1 of the switching unit 170 is posi-
tioned between the data driver 120 and the data line Dm. The
first switch SW1 is turned on when the data signals are sup-
plied 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).

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
OLED:s provided from respective pixels of the display region
are sensed by the sensor 180.

Here, the second switch SW2 maintains the turn-on state
during anon-display period (or a non-display time) from after
the power supply is applied to the organic light emitting
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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.

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.

According to another exemplary embodiment, the sensing
of the mobility information of the driving transistor is per-
formed 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.

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 extrac-
tion of the mobility information each time the power supply is
applied by previously storing the performance results before
the product is distributed.

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.

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) genet-
ated 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. Accord-
ingly, 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.

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 informa-
tion of the organic light emitting diode OLED can be
extracted.

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 [max that flows to the organic
light emitting diode OLED when light is emitted from the
pixel 140 at maximum luminance.

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.

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.
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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.

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.
4is applied, the third voltage generated in the control line Cm
is measured.

At this time, the information corresponding to the differ-
ence between the second voltage and the third voltage is
supplied to the ADC 182.

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 (Ithe
second voltage-the third voltagel) 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'.

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 elec-
trode 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.

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 accu-
rate information can be obtained.

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.

Further, the converter 190 includes the memory 191 and the
conversion circuit 192. The memory 191 stores the first digi-
tal value and the second digital value supplied from the ADC
182. Actually, the memory 191 stores the mobility informa-
tion 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.

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 deg-
radation of the organic light emitting diodes OLEDs and the
mobility of the driving transistor M2 or M2'.

For example, the conversion circuit 192 generates the cor-
rected 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.

Further, the conversion circuit 192 converts the input data
Data in reference to the second digital value so that the mobil-
ity 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'.
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The data driver 120 uses the corrected data Data' to genet-
ate the data signals and supplies the generated data signals to
the pixels 140 or 140'.

FIG. 7 is a schematic block diagram showing an embodi-
ment of a data driver 120.

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.

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.

The sampling latch unit 122 sequentially stores the cor-
rected data Data' in response to the sampling signals sequen-
tially 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'.

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 cotrected 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.

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'. 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.

The buffer unit 125 supplies the m data signals supplied
from the DAC unit 124 to the m data lines D1 to Dm, respec-
tively. To this end, the bufferunit 125 includes m buffers 1251
to 125m.

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

However, for convenience of description, FIGS. 8A to 8G
will illustrate the first embodiment only in reference to the
pixel 140 coupled to the n™ scan line Sn and the m™” data line
Dm (shown in FIG. 3).

As described above, the sensing of the mobility informa-
tion 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 informa-
tion of the driving transistor can be used without performing
the extraction of the mobility information each time the
power supply is applied.

FIGS. 8A to 8G illustrate the example in which the sensing
of the mobility information of the driving transistor is pe-
formed 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.
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Hereinafter, the driving method of the organic light emit-
ting display according to one embodiment of the present
invention will be described in more detail with reference to
FIGS. 8A 1o 8G.

First, FIG. 8A illustrates an operation during a first non-
display petiod from after the power supply is applied to the
organic light emitting display to before the image is dis-
played.

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.

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.

Also, inthe 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.

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 s applied to the organic light emitting diode OLED via
the data line Dm and the fourth transistor M4 within the pixel
140.

Therefore, the voltage (predetermined voltage or first volt-
age, Vrzp) applied to the anode electrode of the organic
light emitting diode OLED is equally applied to the sensing
circuit 181 and the first voltage V ,; g5 is supplied to the ADC
182.

In other words, the first voltage V o, zp, generated through
the current source unit 185 has the degradation information of
the organic light emitting diode OLED.

The ADC 182 converts the first voltage V ,; -, 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 infor-
mation of the respective organic light emitting diode OLEDs
of all pixels 140 included in the display region 130.

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.

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.

In the described embodiment of the present invention, in
order to sense the mobility information of the second transis-
tor M2, the second non-display period is divided into two
periods so that the operations for sinking currents are per-
formed independently.

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 perfor-
mance results are pre-stored. This way, the pre-stored infor-
mation 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.

As shown in FIG. 8B, in a first period of the second non-
display period, the previous scan signal Sn-1 of a previous
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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.

Further, because the previous scan signal Sn-1 is applied at
alow level, the sixth transistor M6 is turned on. As aresult, the
reference voltage Vref applied to the first electrode of the
sixth transistor M6 is applied to the first node A.

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.

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 (V4)plmax as an example as shown (f is a con-
stant) in FIG. 8B.

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).

The first current sink unit 186 sinks the second current, that
is, (Y4)Plmax 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 transis-
tor 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 V;, | is applied to the first current
sink unit 186.

That is, the second voltage V., , is as follows:

1| 21
Ve | = ELVDD - = _Pluax Vi
- 2y pCox(W/L)

(u: 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)

As represented by the above equation, since the second
current is sunk via the second transistor M2, the second
voltage V;, ; includes the threshold voltage/mobility infor-
mation of the second transistor M2.

Next, as shownin FIG. 8C, in asecond 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.

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.

Also, in the switching unit 170 the first switch swl is turned
off and the second switch sw2 is turned on so that the pixel
140 is coupled to the sensor 180.
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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 fImax as an example as shown (3 is a constant) in
FIG. 8C.

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 corre-
sponds to 4j (j is an integer) times the second current.

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).

The second current sink unit 187 sinks the third current,
that is, pImax 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 transis-
tor 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 V5, , is applied to the second current
sink unit 187.

That is, the third voltage V;, , is as follows:

2Bluax

V =ELVDD- | ——
@2 Y 1Cox(W/L)

— Vth

As represented by the equation, since the third current is
sunk via the second transistor M2, the third voltage V¢, ,
includes the threshold voltage/mobility information of the
second transistor M2.

When the second voltage Vi, | and the third voltage
V. through the first and second current sink units 186 and
187 are measured, the information corresponding to the dif-
ference of the second voltage Vi, | and the third voltage
Vg1, 1s supplied to the ADC 182.

At this time, the absolute value of the difference (Isecond
voltage—third voltagel) between the second voltage and the

third voltage is
1 2Bluax
Vorz-VoLi = =] ——— .
GETTE T I kCox(WTI)

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

Therefore, the ADC 182 converts the difference between
the second voltage V;, | and the third voltage V5, , sup-
plied from the sensing circuit 181 to the second digital value
and the memory 191 stores the second digital value supplied
from the 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.

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.
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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 deg-
radation of the organic light emitting diodes OLEDs and the
mobility of the driving transistor M2.

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, mea-
suring the mobility of the second transistor M2 included in
each pixel 140 by referencing the second digital value. There-
after, the conversion circuit 192 supplies the corrected data
Data' to the data driver 120. This way, the image with sub-
stantially 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.

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 corre-
sponding to the data signals.

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.

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

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.

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 sup-
plied by a ground power supply (GND, OV). In other words,
the voltage of the second node B can be initialized to OV.

Further, in the switching unit 170 the first switch swl 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.

FIG. 8E corresponds to the threshold voltage storing (Vth
storing) period. In the Vith 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 tran-
sistor M2 is diode-connected and turned on.

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

Therefore, as described above when the reference voltage
Vrefis 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.

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 ele-
ments SW1, SW2, SW3 within the sensing circuit 181 are
turned off.

FIG. 8F corresponds to the period where the voltages cor-
responding to the data signals are charged, that is, the pro-
gramming 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
ahigh level as shownso that only the first transistor M1 within
the pixel circuit of the pixel 140 is turned on.

Accordingly, the data signals output from the data driver
120 can be applied to the pixel circuit of the pixel 140.

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 irrespec-
tive of the degradation of the organic light emitting diode
OLED and the mobility of the driving transistor M2.

The data signals are applied to the pixel circuit of the pixel
so that the voltage of the first node A is changed. As a result,
the voltage of the second node B is changed through the
coupling of the first and second capacitors C1 and C2.

Accordingly, the voltage applied to the second voltage B
through the programming period is as follows as an example:

Ior) 100 v D 251
ELVDD - (Cl " CQ)\/(IOO _w)[zk;a_tal)#cox(ﬂéy;l,) =V

where 100/(100-q) is a current ratio for compensating for
the degradation degree of the organic light emitting diode
OLED, Data/(2F-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), f3 is current ratio of sunk current
((#)Imax, Imax).

Also, as in the previous initialization period, in the switch-
ing 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.

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
atahighlevel, 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 Enis applied at a low level as shown in F1G. 8G.
As a result, the third transistor M3 is turned on.

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.
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Also, as in the previous initialization period, in the switch-
ing 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.

The current 1, corresponding to the programmed voltage
can be represented by the following equation.

1
Ip= EﬂCOX(W/L)(VSG -V
g}

o)
100 D 281
\/(100 _0‘)(%)}16‘0){3’3};” h Vrh] h V,,,]

2 % 100 D
:(01 +ch) (1013—a)(%)ﬁ1M4X

1
= 3uCor(W /L)(ELVDD - (ELVDD - (

2

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 dis-
played irrespective of the degradation of the organic light
emitting diode OLED and the mobility of the driving transis-
tor M2.

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

For convenience of description, FIGS. 9A to 9G will illus-
trate the second embodiment only in reference to the pixel
140' coupled to the n™ scan line Sn and the m™ data line Dm
(shown in FIG. 4).

As described above, the sensing of the mobility informa-
tion 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 informa-
tion of the driving transistor can be used without performing
the extraction of the mobility information each time the
power supply is applied.

FIGS. 9A to 9G illustrate the example in which the sensing
of the mobility information of the driving transistor is pet-
formed 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.

Hereinafter, the driving method of the organic light emit-
ting display according to one embodiment of the present
invention will be described in more detail with reference to
FIGS. 9A 10 9G.

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 dis-
played.

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.

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
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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.

Also, inthe 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.

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'.

Therefore, the voltage (predetermined voltage or first volt-
age) applied to the anode electrode of the organic light emit-
ting diode OLED is equally applied to the sensing circuit 181
and the first voltage is supplied to the ADC 182.

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

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.

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.

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.

In the described embodiment of the present invention, in
order to sense the mobility information of the second transis-
tor M2', the second non-display period is divided into two
periods so that the operations for sinking currents are per-
formed independently.

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 perfor-
mance results are pre-stored. This way, the pre-stored infor-
mation 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.

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 MS' 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.

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.
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Further, within the sensing circuit 181 the first switching
element SW1 coupled to the current source unit 185 1s 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 (¥4)plmax as an example as shown in FIG. 9B,
where f} is a constant.

The first current sink unit 186 sinks the second current, that
is, (Y4)Plmax 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' accord-
ing to the application of the signal as above. When the second
current is sunk in the first current sink unit 186, the second
voltage Vi, | is applied to the first current sink unit 186.

That is, the second voltage V, , is as follows:

1 { 2p1
Ve | = ELVDD - = 2B Vi
- 2y pCox(W/L)

(u: 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')

As represented by the above equation, since the second
current is sunk via the second transistor M2, the second
voltage V;, , includes the threshold voltage/mobility infor-
mation of the second transistor M2".

Next, as shownin FIG. 9C, in asecond 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 tran-
sistor 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.

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 Cr. At this time, in the switching
unit 170 all the first and second switches swl 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 fImax as an example as
shown in FIG. 9C, where f3 is a constant.

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 corre-
sponds to 4] (j is an integer) times the second current.

The second current sink unit 187 sinks the third current,
that is, pImax from the first power supply ELVDD via the
third switching element SW3, the control line Cm, the switch-
ing element T1 in the pixel 140", the seventh transistor M7',
the fifth transistor M5', and the second transistor M2' accord-
ing to the application of the signal as above. When the third
current is sunk in the second current sink unit 187, the third
voltage Vi,  is applied to the second current sink unit 187.
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That is, the third voltage V5, , is as follows:

2fIuax

Vei 2= ELVDD- | ——— —
- N #Cox(W/L)

Vin

As represented by the equation, since the third current is
sunk via the second transistor M2', the second voltage V, ,
includes the threshold voltage/mobility information of the
second transistor M2'.

When the second voltage V;; ; and the third voltage
V., ,through the first and second current sink units 186 and
187 are measured, the information corresponding to the dif-
ference of the second voltage V;, | and the third voltage
Vg, , is supplied to the ADC 182.

At this time, the absolute value of the difference (Isecond
voltage—third voltagel) between the second voltage and the

third voltage is
1 2Bl max
Vora—Vor1 ==, .
AT TN wCox(W/L)

As shown, this equation has the mobility information of the
second transistor M2'.

Therefore, the ADC 182 converts the difference between
the second voltage V;, | and the third voltage V4, , sup-
plied from the sensing circuit 181 to the second digital value
and the memory 191 stores the second digital value supplied
from the 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.

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.

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 deg-
radation of the organic light emitting diodes OLEDs and the
mobility of the driving transistor M2'.

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, mea-
suring the mobility of the second transistor M2' included in
each pixel 140" by referencing the second digital value. There-
after, the conversion circuit 192 supplies the corrected data
Data' to the data driver 120. This way, the image with sub-
stantially 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.

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 corre-
sponding to the data signals.

The process of emitting light by inputting the corrected
data Data' to the pixels 140" is divided into an initialization
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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 opera-
tions of these periods will be described below with reference
to FIGS. 9D t0 9G.

FIG. 9D corresponds to the initialization period. In the
initialization period, the previous scan signal Sn-1 is applied
at alow 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 Enis applied at alow level as shown in F1G. 9D.

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'.

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

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
M?2' is initialized to the reference voltage Vref.

Also, in the switching unit 170, both the first switch swl
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.

FIG. 9E corresponds to the threshold voltage storing and
programming (Vth storing and programming) period. In the
Vthstoring 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.

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.

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,

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

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 sens-
ing circuit 181 are turned off.

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'

Atthis time, the voltage applied to the first node A using the
data signal is as follows as an example:

2Bluax

Data )
H#Cox(W/L)

[, 100
Veer _\/ (100_0,)(% -1

where 100/(100-q) 1s 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
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levels using the first input data Data (k is the number of bits of
DAC within the data driver), f§ is current ratio of sunk current
((*#)Imax, Imax).

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.

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. There-
fore, the voltage of the second node B is changed by boosting
according to the first and second capacitors C1 and C2.

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

hor) 100 D 2p1
ELVDD- (Cl +C2)\/(100_w)[zkafal)#cox€$x/‘L) ~V

Also, as in the previous programming period, in the switch-
ing 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.

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
atahigh 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 F1G. 9G
so that the third transistor M3' is turned on.

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.

Also, as in the previous period, in the switching unit 170
the first switch swl 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.

The current I, corresponding to the programmed voltage
can be represented by the following equation.

1
Ip= Eﬂcox(W/L)(Vsc ~ V)

- %ﬂcox (W /L)(ELVDD - (ELVDD -leva)

100 v D 281
Vs s v
100 D
100 —a)[%) Tax

2

WCl+C2

e} )2(

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
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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 dis-
plaved irrespective of the degradation of the organic light
emitting diode OLED and the mobility of the driving transis-
tor M2'.

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 driv-
ing transistor.

What is claimed is:

1. An organic light emitting display comprising:

aplurality of pixels at crossing portions of data lines, scan
lines, and emission control lines, each of the plurality of
pixels comprising an organic light emitting diode for
emitting light and a driving transistor for driving the
organic light emitting diode;

asensor 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 informa-
tion of the driving transistors and for converting input
data to corrected data by utilizing the degradation infor-
mation 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;

wherein the sensor comprises sensing circuits, wherein
each sensing circuit corresponds to a corresponding one
of the data lines;

wherein each of the sensing circuits comprises:

a current source unit for supplying a first current to a
corresponding one of the plurality of pixels;

a first current sink unit for sinking a second current from
said corresponding one of the plurality of pixels; and

a second current sink unit for sinking a third current from
said corresponding one of the plurality of pixels.

2. The organic light emitting display as claimed in claim 1,
further comprising a switching unit for selectively coupling
the sensor or the data driver to the data lines.

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

4. The organic light emitting display as claimed in claim 1,
further comprising at least one analog-digital converter 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.

5. The organic light emitting display as claimed in claim 4,
wherein the converter comprises:

amemory for storing the first digital value and the second
digital value; and

a conversion circuit for converting the input data to the
corrected data utilizing the first digital value and the
second digital value stored in the memory so as to dis-
play an image with substantially uniform luminance
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irrespective of degradation of the organic light emitting
diode and mobility of the driving transistor.

6. The organic light emitting display as claimed in claim 1,
wherein each of the sensing circuits further comprises a plu-
rality of switching elements coupled to the first and second
current sink units.

7. The organic light emitting display as claimed in claim 1,
wherein the third current corresponds to 4] times the second
current, where j is an integer.

8. The organic light emitting display as claimed in claim 1,
wherein each of the plurality of pixels further comprises:

a first transistor coupled between a corresponding one of

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

athird transistor coupled between a second electrode of the
second transistor and an anode electrode of the organic
light emitting diode, the third transistor having a gate
electrode coupled to a corresponding one of the emis-
sion control lines;

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

a fifth transistor coupled between the gate electrode and the
second electrode of the second transistor, the fifth tran-
sistor having a gate electrode coupled to a previous scan
line among the scan lines;

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

afirst capacitor coupled between the first power supply and
the second node; and

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

9. The organic light emitting display as claimed in claim 8,
wherein the first, second, third, fourth, fifth and sixth transis-
tors comprise PMOS transistors.

10. 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 ofthe organic
light emitting diode is sensed.

11. The organic light emitting display as claimed in claim
9, wherein a sensing signal supplied to the sensing line is
applied at a low level in a period where the degradation
information of the organic light emitting diode is sensed and
a period where the mobility information of the second tran-
sistor is sensed.

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

13. The organic light emitting display as claimed in claim
1, wherein each of the plurality of pixels further comprises:

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

athird transistor coupled between a second electrode of the
second transistor and an anode electrode of the organic
light emitting diode, the third transistor having a gate
electrode coupled to a corresponding one of the emis-
sion control lines;

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

afifth transistor coupled between the gate electrode and the
second electrode of the second transistor, the fifth tran-
sistor having a gate electrode coupled to the correspond-
ing one of the scan lines;

a sixth transistor coupled between a reference voltage
source or a control line and the first node, the sixth
transistor having a gate electrode coupled to the corre-
sponding one of the emission control lines;

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

afirst capacitor coupled between the first power supply and
the second node;

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

a seventh transistor coupled between the first electrode of
the sixth transistor and the gate electrode of the second
transistor, the seventh transistor having a gate electrode
coupled to a previous scan line among the scan lines.

14. The organic light emitting display as claimed in claim
13, wherein the first, second, third, fourth, fifth, sixth and
seventh transistors comprise PMOS transistors.

15. The organic light emitting display as claimed in claim
14, wherein an emission control signal supplied to the emis-
sion 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.

16. The organic light emitting display as claimed in claim
14, wherein a sensing signal supplied to the sensing line is
applied at a low level in a period where the degradation
information of the organic light emitting diode is sensed.

17. The organic light emitting display as claimed in claim
13, 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.

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

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

a) generating a first voltage while supplying a first current
to organic light emitting diodes included in a plurality of
pixels;

b) converting the first voltage to a first digital value and
storing the first digital value in a memory;

c) generating a second voltage while sinking a second
current via driving transistors in the plurality of pixels;
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d) generating a third voltage while sinking a third current
via the driving transistors in the plurality of pixels;

e) 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;

f) 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 degradation of the organic light emitting
diodes and mobility of the driving transistors; and

g) providing data signals corresponding to the corrected
data to data lines.

20. The method as claimed in claim 19, wherein a)-g) are
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
power from the power supply is applied to the organic light
emitting display.

21. The method as claimed in claim 19, wherein c)-e) 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.

22. The method as claimed in claim 19, wherein the third
current corresponds to 4j times the second current, wherein j
is an integer.

23. The method as claimed in claim 19, wherein the first
voltage comprises degradation information of the organic
light emitting diode.

24. The method as claimed in claim 19, wherein the differ-
ence between the second voltage and the third voltage com-
prises mobility information of the driving transistor.

25. 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 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 mea-
sure a second voltage corresponding to the second cur-
rent and a third voltage corresponding to the third cur-
rent 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 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 tran-
sistors in respective pixel circuits of the plurality of
pixels through an initialization process.

26. The method as claimed in claim 25, wherein said mea-
suring voltage change of organic light emitting diodes in the
plurality of pixels and storing the voltage change is performed
in anon-display period from after power from a power supply
is applied to the organic light emitting display to before an
image is displayed, and are performed each time the power
from the power supply is applied to the organic light emitting
display.

27. The method as claimed in claim 25, wherein said mea-
suring 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
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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.

28. The method as claimed in claim 25, wherein the driving
transistor is diode-connected during the initialization process
so that a voltage of a gate electrode of the driving transistor is
substantially the same as a voltage of a cathode electrode of
the organic light emitting diode.

29. The method as claimed in claim 25, wherein the voltage
of a gate electrode of the driving transistor is substantially the
same as a reference voltage through the initialization process.

30. The method as claimed in claim 29, wherein the refer-
ence voltage has substantially the same voltage value as a
ground power supply.
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