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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY AND METHOD FOR DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0095268, filed on
Aug. 12,2013, in the Korean Intellectual Property Office, the
entire contents of which are incorporated herein by reference
in their entirety.

BACKGROUND

1. Field

The described technology generally relates to an organic
light-emitting diode (OLED) display and a method for driv-
ing the same.

2. Description of the Related Technology

Recently, various types of flat panel displays having
reduced weight and volume when compared to cathode ray
tube displays have been developed. Examples of flat panel
display types include liquid crystal displays (LCDs), field
emission displays, plasma display panels (PDPs), organic
light-emitting diode (OLED) displays, and the like.

OLED displays can display images using OLEDs which
emit light through the recombination of electrons and holes.
OLED displays also have favorable characteristics such as
fast response speeds and low power consumption. [n a typical
OLED display, each pixel includes a driving transistor which
supplies current with an amplitude corresponding to a data
signal so that light is generated in an OLED of the pixel.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

One inventive aspect is an OLED display including a lumi-
nance measuring unit configured to measure luminance of
each pixel and generate luminance information correspond-
ing to the measured luminances, a current measuring unit
configured to measure current output from each pixel and
generate current information corresponding to the measured
currents, and a compensation data generating unit configured
to generate compensation data including a compensation
value for each pixel, based on at least one of the luminance
information or the current information.

The compensation data generating unit may generate the
compensation data based at least in part on the luminance
information when a gray scale of data supplied to a corre-
sponding pixel is less than a first predetermined reference
value. The compensation data generating unit may generate
the compensation data based at least in part on the current
information when the gray scale is greater than the first pre-
determined reference value.

The compensation data generating unit may generate the
compensation data based at least in part on the luminance
information and the current information when the gray scale
is greater than the first predetermined reference value and less
than a second predetermined value. The compensation data
generating unit may generate the compensation data based at
least in part on the current information when the gray scale is
greater than the second predetermined reference value.

The compensation data generating unit may generate the
compensation data based at least in part on the average value
of the luminance information and the current information
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when the gray scale is greater than the first predetermined
reference value and less than the second predetermined ref-
erence value.

The compensation data generating unit may include a first
compensation data generating unit configured to generate a
first compensation data according to the luminance informa-
tion, a second compensation data generating unit configured
to generate a second compensation data according to the
current information, and a compensation data combining unit
configured to combine the firstand second compensation data
according to the gray scale of the data supplied to a corre-
sponding pixel, and output the combined data as the compen-
sation data.

The current may be output from a driving transistor of each
pixel.

The OLED display may further include a timing controller
configured to convert first data subsequently supplied from an
external source to a second data based on the compensation
data.

The OLED display may further include a data driver con-
figured to supply data signals corresponding to the second
data received from the timing controller to the pixels through
data lines.

Another aspect is a method for driving an OLED display,
the method including applying a data signal to a pixel, gen-
erating luminance information by measuring luminance of
the pixel, generating current information by measuring cur-
rent output from the pixel, and generating compensation data
for the pixel based on at least one of the luminance informa-
tion and the current information.

The generating of the compensation datamay include com-
paring the gray scale of the data signal with a reference gray
scale, generating the compensation data based on the lumi-
nance information when the gray scale of the currently sup-
plied data is less than the reference gray scale, and generating
the compensation data based on the current information when
the gray scale is greater than the reference gray scale.

The generating of the compensation datamay include com-
paring the gray scale of the data signal with a first reference
gray scale and a second reference gray scale, generating the
compensation data based on the luminance information when
the gray scale is less than the first reference gray scale, gen-
erating the compensation data based on the average value of
the luminance information and the current information when
the gray scale is greater than the first reference gray scale and
less than the second reference gray scale, and generating the
compensation data based on the current information when the
gray scale is greater than the second reference gray scale.

The method may further include converting a next data
signal based on the compensation data and supplying the
converted data signal to the pixel.

Another aspect is an organic light-emitting diode (OLED)
display including a timing controller configured to receive
first data and output second data, a plurality of pixels, wherein
each of the pixels is configured to be driven at a current and
display light having a luminance based at least in part on the
second data, and a compensation data generator configured to
generate compensation data based on at least one of the cur-
rent or the luminance of each pixel, wherein the timing con-
troller is further configured to generate the second data based
at least in part on the first data and the compensation data.

The OLED display may further include a luminance mea-
suring unit configured to measure and provide the luminance
of each pixel to the compensation data generator and a current
measuring unit configured to measure and provide current
output from each pixel to the compensation data generator.
The compensation data generator may be further configured
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to generate the compensation data based on i) the measured
luminance when a gray scale of data supplied to a correspond-
ing pixel is less than a first predetermined reference value and
ii) the measured current when the gray scale is greater than the
first predetermined reference value.

The compensation data generator may be further config-
ured to generate the compensation data based on 1) the mea-
sured luminance and the measured current when the gray
scale is between the first predetermined reference value and a
second predetermined value and ii) the measured current
when the gray scale is greater than the second predetermined
reference value. The compensation data generator may be
further configured to generate the compensation data based
on the average value of the measured luminance and the
measured current when the gray scale is between the first
predetermined reference value and the second predetermined
reference value.

The compensation data generator may include a first com-
pensation data generator configured to generate first compen-
sation data based at least in part on the measured luminance,
a second compensation data generator configured to generate
second compensation data based at least in part on the mea-
sured current, and a compensation data combining unit con-
figured to: i) combine the first and second compensation data
based at least in part on a gray scale of data supplied to a
corresponding pixel and ii) output the combined data as the
compensation data.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an OLED display
according to an embodiment.

FIG. 2 is a block diagram illustrating the compensation
data generating unit shown in FIG. 1 according to a first
embodiment.

FIG. 3 is a flowchart illustrating the operation of the com-
pensation data generating unit shown in F1G. 1 according to a
second embodiment.

FIG. 4 is a flowchart illustrating the operation of the com-
pensation data generating unit shown in FIG. 1 accordingto a
third embodiment.

FIG. 5 is a graph illustrating the relationships between
current information, luminance information and compensa-
tion data.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

Hereinafter, certain exemplary embodiments will be
described with reference to the accompanying drawings.
Here, when a first element is described as being coupled or
connected to a second element, the first element may be not
only directly coupled or connected to the second element but
may also be indirectly coupled or connected to the second
element via a third element. Further, some elements that are
not essential to the complete understanding of the described
technology have been omitted for clarity. Also, like reference
numerals refer to like elements throughout the specification.

FIG. 1 is a block diagram illustrating an organic light-
emitting diode (OLED) display according to an embodiment.

Referring to FIG. 1, the OLED display 100 includes a
timing controller 110, a data driver 120, a scan driver 130, a
display unit or display panel 140, a luminance measuring unit
160, a current measuring unit 170, and a compensation data
generating unit or compensation data generator 180.

The timing controller 110 controls operations of the data
driver 120 and the scan driver 130 in response to a synchro-
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nization signal (not shown) received from an external source.
Specifically, the timing controller 110 generates a data driv-
ing control signal DCS and applies the generated data driving
control signal DCS to the data driver 120. The timing con-
troller 110 also generates a scan driving control signal SCS
and applies the generated scan driving control signal SCS to
the scan driver 130.

The timing controller 110 converts first data DATA1
received from the external source into second data DATA2, in
response to compensation data CD received from the com-
pensation data generating unit 180. The timing controller 110
applies the converted second data DATA2 to the data driver
120.

The data driver 120 realigns the second data DATA2
received from the timing controller 110 and applies the
realigned second data DATA?2 as data signals to data lines D1
to Dm in response to the data driving control signal DCS
received from the timing controller 110.

The scan driver 130 progressively applies a scan signal to
scan lines S1 to Sn in response to the scan driving control
signal SCS received from the timing controller 110.

The display unit 140 includes pixels 150 respectively
formed at intersections between the data lines D1 to Dm, the
scan lines S1 to Sn, and feedback lines F1 to Fm. In the
present embodiment, the data lines D1 to Dm and the feed-
back lines F1 to Fm are arranged substantially vertically and
the scan lines S1to Sn are arranged substantially horizontally.

Each pixel 150 emits light with a luminance corresponding
to a data signal received through a corresponding data line
from among the data lines D1 to Dm when a scan signal is
received through a corresponding scan line from among the
scan lines S1 to Sn.

The luminance measuring unit 160 measures the lumi-
nance of each pixel 150 and generates luminance information
LI corresponding to the measured luminances. The method of
measuring the luminance of each pixel 150 can be varied. In
some embodiments, the luminance measuring unit 160 may
be implemented as a plurality of charged coupled devices
(CCDs).

The current measuring unit 170 measures the current
received through the feedback lines F1 to Fm from each pixel
150 and generates current information CI corresponding to
the measured currents. In this case, the current supplied from
each pixel 150 is the current supplied from a driving transistor
included in each pixel 150.

Although it has been illustrated in FIG. 1 that the current
output from each pixel 150 is supplied to the current measur-
ing unit 170 through the feedback lines F1 to Fm, the
described technology is not limited thereto. For example, the
current output from each pixel 150 may be supplied to the
current measuring unit 170 through the data lines D1 to Dm
without the use of feedback lines F1 to Fm.

The compensation data generating unit 180 generates com-
pensation data CD including a compensation value for each
pixel 150 based on the luminance information LI received
from the luminance measuring unit 160 and the current infor-
mation CI received from the current measuring unit 170.

Where low gray scale data is applied to the pixels 150 from
the data driver 120, the current output from each pixel 150 has
a high signal to noise ratio, and thus, the luminance informa-
tion LI better reflects the characteristics of each pixel 150 than
the current information CI. On the other hand, where high
gray scale data is applied to the pixels 150 from the data driver
120, it is highly likely that a moire pattern will be displayed,
and thus, the current information CI better reflects the char-
acteristic of each pixel 150 than the luminance information
LL
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Thus, when low gray scale data is applied to the pixels 150,
the compensation data generating unit 180 generates a com-
pensation value based on the luminance information LI. On
the other hand, when high gray scale data is applied to the
pixels 150, the compensation data generating unit 180 gen-
erates a compensation value based on the current information
CL

The functions and operations of the compensation data
generating unit 180 will be described in detail with reference
to FIGS.2t0 5.

FIG. 2 is a block diagram illustrating the compensation
data generating unit shown in FIG. 1 according to a first
embodiment.

Referring to FIG. 2, the compensation data generating unit
180 includes a first compensation data generating unit or first
compensation data generator 181, a second compensation
data generating unit or second compensation data generator
183 and a compensation data combining unit 185.

The first compensation data generating unit 181 generates
first compensation data CD1 based on the luminance infor-
mation LI received from the luminance measuring unit 160
and outputs the generated first compensation data CD1 to the
compensation data combining unit 185.

The first compensation data CD1 may have a shape such as
that of the first curve G1 of FIG. 5. Specifically, the first
compensation data CD1 precisely reflects the characteristics
of each pixel 150 for low gray scales. However, the first
compensation data CD1 may not precisely reflect the charac-
teristics of each pixel 150 due to the moire phenomenon for
high gray scales.

The second compensation data generating unit 183 gener-
ates a second compensation data CD2 based on the current
information CI received from the current measuring unit 170
and outputs the generated second compensation data CD2 to
the compensation data combining unit 185.

The second compensation data CD2 may have a shape such
as that of the second curve G2 of FIG. 5. Specifically, the
second compensation data CD2 precisely reflects the charac-
teristics of each pixel 150 for high gray scales. However, the
second compensation data CD2 may not precisely reflect the
characteristics of each pixel 150 due to noise for low gray
scales.

The compensation data combining unit 185 combines the
first and second compensation data CD1 and CD2 based on
the gray scale of data applied to a corresponding pixel and
outputs the combined data as compensation data CD to the
timing controller 110.

FIG. 3 is a flowchart illustrating the operation of the com-
pensation data generating unit shown in FIG. 1 according to a
second embodiment.

Referring to FIG. 3, the data driver 120 applies data
received from the timing controller 110 to the pixels 150
through the data lines D1 to Dm. A capacitor (not shown)
included in each pixel 150 is charged to a voltage correspond-
ing to the data received a corresponding data line D1 to Dm
(S100).

When each pixel 150 emits light with the voltage charged
in the capacitor, the luminance measuring unit 160 generates
luminance information LI by measuring the luminance of
each pixel 150. In this case, the current measuring unit 170
generates current information CI by measuring the current
output from each pixel 150 (S110).

The compensation data generating unit 180 compares the
gray scale of the applied data with a reference gray scale
(8120). Here, the reference gray scale may be experimentally
determined. Specifically, the gray scale range in which the
luminance information LI or the current information Cl better
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reflects the characteristics of the pixels 150 may be changed
depending on the structure of the OLED display 100 and the
manufacturing process thereof. Thus, a designer may set the
reference gray scale based on the structure and manufacturing
process of the OLED display 100.

The gray scale range in which the luminance information
LI or the current information CI better reflects the character-
istics of the pixels 150 may also be changed depending on the
driving environment of the OLED display 100. Thus, the
reference gray scale can be controlled based on the driving
environment, e.g., the temperature or ambient illumination
intensity.

When the gray scale of the currently supplied data is less
than the reference gray scale, the compensation data gener-
ating unit 180 generates compensation data CD based on the
luminance information LI (S130). On the other hand, when
the gray scale of the currently supplied data is higher than the
reference gray scale, the compensation data generating unit
180 generates compensation data CD based on the current
information CL

The compensation data generating unit 180 outputs the
generated compensation data CD to the timing controller 110.
The timing controller 110 converts first data DATA1 subse-
quently received from the external source into second data
DATA2 based on the compensation data CD output from the
compensation data generating unit 180. The timing controller
110 outputs the converted second data DATA2 to the data
driver 120.

FIG. 4 is a flowchart illustrating the operation of the com-
pensation data generating unit shown in FIG. 1 according to a
third embodiment.

Referring to FIG. 4, the data driver 120 applies data cur-
rently received from the timing controller 110 to the pixels
150 through the data lines D1 to Dm. A capacitor (not shown)
included in each pixel 150 is charged to a voltage correspond-
ing to the data received through a corresponding data line D1
to Dm (8200).

When each pixel 150 emits light with the voltage charged
in the capacitor, the luminance measuring unit 160 generates
luminance information LI by measuring the luminance of
each pixel 150. In this case, the current measuring unit 170
generates current information CI by measuring the current
output from each pixel 150 (S210).

The compensation data generating unit 180 compares the
gray scale of the currently supplied data with a first reference
gray scale (S220).

When the gray scale of the currently supplied data is less
than the first reference gray scale, the compensation data
generating unit 180 generates compensation data CD based
on the luminance information L1 (S230).

On the other hand, when the gray scale of the currently
supplied data is greater than the first reference gray scale, the
compensation data generating unit 180 compares the gray
scale of the currently supplied data with a second reference
gray scale (S240).

When the gray scale of the currently supplied data is less
than the second reference gray scale, the compensation data
generating unit 180 generates compensation data CD by com-
bining the luminance information LI and the current informa-
tion CI (S250).

According to some embodiments, when the gray scale of
the currently supplied data is greater than the first reference
gray scale and less than the second reference gray scale, the
compensation data generating unit 180 generates compensa-
tion data CD based on the average value of the luminance
information L1 and the current information CI.
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According to other embodiments, when the gray scale of
the currently supplied data is greater than the first reference
gray scale and less than the second reference gray scale, the
compensation data generating unit 180 generates compensa-
tion data CD by weighting the luminance information LI and
the current information CI with values based on the gray scale
of the currently supplied data. For example, when the gray
scale of the currently supplied data is closer to the first refer-
ence gray scale, the compensation data generating unit 180
may generate the compensation data CD by setting the
weighted value of the luminance information LI to be greater
than that of the current information CI. On the contrary, when
the gray scale of the currently supplied data is closer to the
second reference gray scale, the compensation data generat-
ing unit 180 may generate the compensation data CD by
setting the weighted value of the current information CI to be
greater than that of the luminance information LI.

On the other hand, when the gray scale of the currently
supplied data is greater than the second reference gray scale,
the compensation data generating unit 180 generates com-
pensation data CD based on the current information CI
(S260).

Here, the first reference gray scale and the second reference
gray scale may be experimentally determined, similar to the
reference gray scale in the second embodiment.

The compensation data generating unit 180 outputs the
generated compensation data CD to the timing controller 110.
The timing controller 110 converts first data DATA1 subse-
quently received from the external source into a second data
DATAZ2, based on the compensation data CD received from
the compensation data generating unit 180, and outputs the
converted second data DATA2 to the data driver 120.

FIG. 5 is a graph illustrating the relationships between
current information, luminance information and compensa-
tion data.

Referring to FIG. 5, the first curve G1 illustrates compen-
sation data generated based on the luminance information L1,
e.g., the relationship between gray scale and luminance
according to the first compensation data CD1 of the first
embodiment. The second curve G2 illustrates compensation
databased onthe current information CI, e.g., the relationship
between gray scale and luminance according to the second
compensation data CD2 of the first embodiment. The third
curve G3 illustrates the relationship between gray scale and
luminance based on the compensation data CD generated by
the compensation data generating unit 180.

As shown in the first curve G1 of FIG. 5, the luminance
information LI does not precisely reflect the characteristics of
each pixel 150 due to the moire phenomenon for high gray
scales. As shown in the second curve G2 of FIG. 5, the current
information CI does not precisely reflect the characteristics of
each pixel 150 due to noise for low gray scales.

Thus, as shown in the third curve G3 of FIG. 5, the com-
pensation data generating unit 180 generates compensation
data CD based on the luminance information LI for low gray
scales and generates compensation data CD based on the
current information CI for high gray scales.

By way of summation and review, the standard OLED
display may not display an image with uniform luminance
dueto the non-uniformity of the threshold voltage/mobility of
a driving transistor. In addition, luminance may not be uni-
form according to the emission efficiency of OLEDs and an
image with a desired luminance may not be displayed due to
a change in efficiency, caused by the degradation of the
OLED.
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In the OLED display and the method for driving the same
according to the described technology, itis possible to display
an image with a substantially uniform luminance.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for the purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise specifically indicated. Accordingly, it
will be understood by those of skill in the art that various
changes in form and details may be made without departing
from the spirit and scope of the present invention as set forth
in the following claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-
prising:

a plurality of pixels;

aluminance measuring unit configured to: 1) measure lumi-
nance of each of the pixels and ii) generate luminance
information based at least in part on the measured lumi-
nances;

a current measuring unit configured to: 1) measure current
output from each of the pixels and ii) generate current
information based at least in part on the measured cur-
rents; and

acompensation data generator configured to generate com-
pensation data including a compensation value for each
of the pixels based on at least one of the luminance
information or the current information,

wherein the compensation data generator is further config-
ured to determine whether to use the luminance infor-
mation or the current information in generating the com-
pensation value for each of the pixels based at least in
part ona gray scale of data supplied to the corresponding
pixel.

2. The OLED display of'claim 1, wherein the compensation
data generator is further configured to generate the compen-
sation data based on: 1) the luminance information when the
gray scale of data supplied to the corresponding pixel is less
than a first predetermined reference value and ii) the current
information when the gray scale is greater than the first pre-
determined reference value.

3. The OLED display of claim 2, wherein the compensation
data generator is further configured to generate the compen-
sation data based on: 1) the luminance information and the
current information when the gray scale is between the first
predetermined reference value and a second predetermined
value and ii) the current information when the gray scale is
greater than the second predetermined reference value.

4. The OLED display of claim 3, wherein the compensation
data generator is further configured to generate the compen-
sation data based on the average value of the luminance
information and the current information when the gray scale
is between the first predetermined reference value and the
second predetermined reference value.

5. The OLED display of claim 1, wherein the compensation
data generator includes:

a first compensation data generator configured to generate
first compensation data based at least in part on the
luminance information;

a second compensation data generator configured to gen-
erate second compensation data based at least in part on
the current information; and



US 9,336,706 B2

9

acompensation data combining unit configured to: 1) com-
bine the first and second compensation data based at
least in part on the gray scale of data supplied to the
corresponding pixel and ii) output the combined data as
the compensation data.

6. The OLED display of claim 1, wherein each of the pixels
comptises a driving transistor configured to output current to
the current measuring unit.

7. The OLED display of claim 1, further comprising a
timing controller configured to convert first data received
from an external source to second data based at least in part on
the compensation data.

8. The OLED display of claim 7, further comprising:

a plurality of data lines; and

a data driver configured to: 1) convert the second data

received from the timing controller into data signals and
i) apply the data signals to the pixels through the data
lines.

9. A method of driving an organic light-emitting diode
(OLED) display comprising a plurality of pixels, the method
comptrising:

applying a data signal to each of the pixels;

measuring luminance of each of the pixels;

generating luminance information based at least in part
on the measured luminance;

measuring current output from each of the pixels;

generating current information based at least in part on
the measured current;

generating compensation data including a compensation
value for each of the pixels based on at least one of the
luminance information or the current information;
and

determining whether to use the luminance information
or the current information in generating the compen-
sation value for each of the pixels based at least in part
on a gray scale of the data signal supplied to the
corresponding pixel.

10. The method of claim 9, wherein the generating of the
compensation data includes:

comparing the gray scale of the data signal to a first pre-

determined reference gray scale;

generating the compensation data based on the luminance

information when the gray scale is less than the first
predetermined reference gray scale; and

generating the compensation data based on the current

information when the gray scale is greater than the first
predetermined reference gray scale.

11. The method of claim 10, wherein the generating of the
compensation data includes:

comparing the gray scale of the data signal to a second

predetermined reference gray scale;

generating the compensation data based on the average

value of the luminance information and the current
information when the gray scale is between first prede-
termined reference gray scale and the second predeter-
mined reference gray scale; and

generating the compensation data based on the current

information when the gray scale is greater than the sec-
ond predetermined reference gray scale.

12. The method of claim 9, further comprising:

compensating a next data signal based at least in part on the

compensation data; and

applying the converted data signal to each of the pixels.

13. An organic light-emitting diode (OLED) display, com-
prising:
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a timing controller configured to receive first data and
output second data;

a plurality of pixels, wherein each of the pixels is config-
ured to be driven at a current and display light having a
luminance based at least in part on the second data; and

acompensation data generator configured to generate com-
pensation data including a compensation value for each
of the pixels based on at least one of the current or the
luminance of each of the pixels,

wherein the timing controller is further configured to gen-
erate the second data based at least in part on the first
data and the compensation data, and

wherein the compensation data generator is further config-
ured to determine whether to use the current or the
luminance of each of the pixels in generating the com-
pensation value for each of the pixels based at least in
part ona gray scale of data supplied to the corresponding
pixel.

14. The OLED display of claim 13, further comprising:

a plurality of data lines; and

a data driver configured to: 1) convert the second data
received from the timing controller into data signals and
i) apply the data signals to the pixels through the data
lines.

15. The OLED display of claim 13, further comprising:

a luminance measuring unit configured to measure and
provide the luminance of each of the pixels to the com-
pensation data generator; and

a current measuring unit configured to measure and pro-
vide current output from each of the pixels to the com-
pensation data generator.

16. The OLED display of claim 13, wherein the compen-
sation data generator is further configured to generate the
compensation data based on 1) the measured luminance when
the gray scale of data supplied to the corresponding pixel is
less than a first predetermined reference value and ii) the
measured current when the gray scale is greater than the first
predetermined reference value.

17. The OLED display of claim 16, wherein the compen-
sation data generator is further configured to generate the
compensation data based on i) the measured luminance and
the measured current when the gray scale is between the first
predetermined reference value and a second predetermined
value and ii) the measured current when the gray scale is
greater than the second predetermined reference value.

18. The OLED display of claim 17, wherein the compen-
sation data generator is further configured to generate the
compensation data based on the average value of the mea-
sured luminance and the measured current when the gray
scale 1s between the first predetermined reference value and
the second predetermined reference value.

19. The OLED display of claim 16, wherein the compen-
sation data generator comprises:

a first compensation data generator configured to generate
first compensation data based at least in part on the
measured luminance;

a second compensation data generator configured to gen-
erate second compensation data based at least in part on
the measured current; and

a compensation data combining unit configured to: 1) com-
bine the first and second compensation data based at
least in part on a gray scale of data supplied to a corre-
sponding pixel and ii) output the combined data as the
compensation data.
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