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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR DRIVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2016-0159278, filed on
Nov. 28, 2016 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference into
the present application.

BACKGROUND

1. Technical Field

[0002] The present invention relates to an organic light
emitting display device and a method for driving the same,
and, more particularly, to an organic light emitting display
device which can compensate for difference in degree of
deterioration between pixels, and a method for driving the
samie.

2. Description of the Related Art

[0003] Flat displays are applied to various electronic
devices such as TVs, mobile phones, laptops, and tablets.
For this purpose, research has been conducted to develop a
thinner, lighter, and lower power consumption display.
[0004] Typical examples of flat displays include a liquid
crystal display (LLCD), a plasma display panel (PDP), a field
emission display (FED), an electroluminescent display
(ELD), an electro wetting display (EWD), and an organic
light emitting diode (OLED) display.

[0005] Particularly, an organic light emitting display
device displays an image using an organic light emitting
diode corresponding to each sub-pixel. In addition, the
organic light emitting display device includes a plurality of
unit pixels each including two or more sub-pixels corre-
sponding to different colors to display a color image.
[0006] Such an organic light emitting diode is gradually
deteriorated with increasing usage. In other words, lumi-
nance values of sub-pixels are different depending upon the
usage of each sub-pixel. As a result, uniformity in luminance
of the sub-pixels and reliability of the sub-pixels can be
deteriorated, causing deterioration in image quality.

[0007] For an organic light emitting display device dis-
playing color images, each of two or more sub-pixels
included in each unit pixel includes an organic light emitting
diode emitting white light and color filters corresponding to
different colors.

[0008] Generally, the organic light emitting diode emitting
white light includes a first organic light emitting layer
corresponding to yellow light, which is a mixture of red light
and green light, and a second organic light emitting layer
corresponding to blue light.

[0009] Here, the first and second organic light emitting
layers are different in degree of temperature-induced dete-
rioration. As a result, the color temperature of white light
emitted from an organic light emitting diode of each sub-
pixel can be changed depending upon temperature around
the organic light emitting diode and a period of time for
which the temperature is maintained, thereby causing dete-
rioration in image quality.
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BRIEF SUMMARY

[0010] Itisan object of the present invention to provide an
organic light emitting display device which can compensate
for variation in color temperature of white light depending
upon temperature around an organic light emitting diode,
and a method for driving the same.

[0011] The present invention is not limited to the above
object and other objects and advantages of the present
invention will become apparent from the following descrip-
tion of embodiments of the present invention. Furthermore,
it can be easily understood that the objects and advantages
of the present invention can be realized by features and
combinations thereof disclosed in the claims.

[0012] In accordance with one aspect of the present inven-
tion, an organic light emitting display device includes a
display panel including a plurality of unit pixels arranged in
matrix form in a display area and each including at least
three sub-pixels corresponding to different colors and an
organic light emitting diode corresponding to each of the
sub-pixels; and a deterioration compensation unit generating
deterioration estimation data of each of the sub-pixels based
on cumulative data of each of the sub-pixels, generating first
and second temperature deterioration data based on display
temperature data corresponding to temperature of the
organic light emitting display device, calculating an indi-
vidual compensation gain corresponding to each of the
sub-pixels based on the deterioration estimation data and the
first and second temperature deterioration data, and correct-
ing input data of each of the sub-pixels based on the
individual compensation gain of each of the sub-pixels.
[0013] The deterioration compensation unit may include a
deterioration estimation data generation unit generating
deterioration estimation data of each of the sub-pixels based
on the cumulative data of each of the sub-pixels; a tempera-
ture deterioration data generation unit generating the first
and second temperature deterioration data based on the
display temperature data corresponding to the temperature
of the organic light emitting display device; an individual
compensation gain calculation unit calculating the indi-
vidual compensation gain of each of the sub-pixels based on
the deterioration estimation data, the first and second tem-
perature deterioration data; and an individual compensation
unit correcting the input data of each of the sub-pixels
according to the individual compensation gain of each of the
sub-pixels to generate input correction data of each of the
sub-pixels.

[0014] The temperature deterioration data generation unit
may accumulate first stress data when the display tempera-
ture data is higher than or equal to a predetermined threshold
temperature in a predetermined measurement cycle, accu-
mulate second stress data when the display temperature data
is less than the threshold temperature in the predetermined
measurement cycle, generate the first temperature deterio-
ration data based on the accumulated first stress data, and
generate the second temperature deterioration data based on
the accumulated second stress data.

[0015] In accordance with another aspect of the present
invention, there is provided a method for driving an organic
light emitting display device including a plurality of unit
pixels arranged in matrix form in a display area and each
including at least three sub-pixels corresponding to different
colors and an organic light emitting diode corresponding to
each of the sub-pixels. The method includes generating
deterioration estimation data of each of the sub-pixels based
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on cumulative data of each of the sub-pixels; accumulating
first stress data when display temperature data correspond-
ing to a temperature of the organic light emitting display
device is higher than or equal to a predetermined threshold
temperature in a predetermined measurement cycle; accu-
mulating second stress data when the display temperature
data is less than the threshold temperature in the predeter-
mined measurement cycle; generating first temperature dete-
rioration data based on the accumulated first stress data;
generating second temperature deterioration data based on
the accumulated second stress data; calculating an individual
compensation gain of each of the sub-pixels based on the
deterioration estimation data of each of the sub-pixels and
the first and second temperature deterioration data; and
generating input correction data of each of the sub-pixels by
correcting input data of each of the sub-pixels according to
the individual compensation gain of each of the sub-pixels.
[0016] The organic light emitting display device accord-
ing to the present invention can estimate degrees of dete-
rioration of first and second organic light emitting layers
according to temperature around an organic light emitting
diode to generate first and second temperature deterioration
data. In addition, the organic light emitting display device
can calculate an individual compensation gain of each
sub-pixel based on deterioration estimation data of each
sub-pixel and the first and second temperature deterioration
data.

[0017] Thus, even when there is a difference in degree of
deterioration between the first and second organic light
emitting layers of a sub-pixel emitting white light depending
upon ambient temperature, the color temperature of white
light can be kept constant. As a result, it is possible to
prevent usage-dependent deterioration in image quality and
reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other aspects, features, and advan-
tages of the present invention will become apparent from the
detailed description of the following embodiments in con-
junction with the accompanying drawings, in which:
[0019] FIG. 1 is a schematic diagram of an organic light
emitting display device according to one embodiment of the
present invention;

[0020] FIG. 2 is an equivalent circuit diagram correspond-
ing to each sub-pixel of FIG. 1;

[0021] FIG. 3is a diagram of a deterioration compensation
unit of FIG. 1;
[0022] FIG. 4 is a flowchart illustrating a method for

driving an organic light emitting display device according to
one embodiment of the present invention;

[0023] FIG. 51is a graph showing difference in luminance
change according to ambient temperature;

[0024] FIG. 6 is a graph showing difference in change of
color temperature according to ambient temperature;
[0025] FIG. 7is a diagram showing direction of change of
color temperature according to ambient temperature in a
color coordinate system;

[0026] FIG. 8 is a schematic view showing luminances of
a sub-pixel corresponding to a red or green color and a
sub-pixel corresponding to a white color, as measured
immediately after the sub-pixels are fabricated, after the
sub-pixels are deteriorated, after compensation according to
the deterioration estimation data, and after compensation
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according to the deterioration estimation data and the first
temperature deterioration data;

[0027] FIG. 9 is a schematic view showing luminances of
a sub-pixel corresponding to a blue color and a sub-pixel
corresponding to a white color, as measured immediately
after the sub-pixels are fabricated, after the sub-pixels are
deteriorated, after compensation according to the deteriora-
tion estimation data, and after compensation according to
the deterioration estimation data and the second temperature
deterioration data; and

[0028] FIG. 10 is a graph showing luminance of a sub-
pixel, as measured after compensation according to the
individual compensation gain and after compensation
according to the individual compensation gain and the
global compensation gain.

DETAILED DESCRIPTION

[0029] Hereinafter, an organic light emitting display
device according to one or more embodiments of the present
invention and a method for driving the same according to
one or more embodiments of the present invention will be
described in detail with reference to the accompanying
drawings. All components of the organic light emitting
display device according to all embodiments of the present
invention are operatively coupled and configured.

[0030] First, an organic light emitting display device
according to one embodiment of the present invention will
be described with reference to FIGS. 1 and 2.

[0031] More specifically, FIG. 1 is a schematic diagram of
an organic light emitting display device according to one
embodiment of the present invention. FIG. 2 is an equivalent
circuit diagram corresponding to each sub-pixel of FIG. 1.
[0032] Referring to FIG. 1, the organic light emitting
display device according to this embodiment includes a
display panel 100, a deterioration compensation unit 200, a
gate driver 310, a data driver 320, a timing controller 330,
a first memory 410, and a second memory 420.

[0033] The display panel 100 includes a plurality of unit
pixels arranged in matrix form in a display area where an
image is displayed. Each of the unit pixels includes three or
more sub-pixels SP corresponding to different colors.
[0034] Each of the sub-pixels SPis disposed in a pixel area
defined by a gate line GL and a data line DL crossing each
other. Each of the sub-pixels SP includes an organic light
emitting diode OLED and a pixel circuit PC driving the
organic light emitting diode.

[0035] 1In addition, the display panel 100 further includes:
a gate line GL and a second power line PL.2 both disposed
in a first direction (the horizontal direction in FIG. 1); and
a data line DL and a first power line PL1 both disposed in
a second direction (the vertical direction in FIG. 1).
[0036] The gate line GL serves to apply a gate signal GS
to each of the sub-pixels SP and the data line DL serves to
apply a data signal Vdata to each of the sub-pixels SP. The
first power line PL1 serves to apply a first drive power to
each of the sub-pixels SP and the second power line PL2
serves to apply a second drive power to each of the sub-
pixels SP.

[0037] The organic light emitting diode OLED of each of
two or more sub-pixels SP included in each unit pixel may
be a white light emitting diode.

[0038] Further, the organic light emitting diode OLED
may include a first organic light emitting layer correspond-
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ing to yellow light, which is a mixture of red light and green
light, and a second organic light emitting layer correspond-
ing to blue light.

[0039] In this structure, the two or more sub-pixels SP
further include color filters corresponding to different colors,
respectively. For example, the two or more sub-pixels SP
included in each unit pixel may include first, second, third,
and fourth sub-pixels corresponding to red, green, blue, and
white colors, respectively.

[0040] The first sub-pixel corresponding to a red color
includes an organic light emitting diode OLED emitting
white light and a first color filter corresponding to a red light.
The first color filter transmits a red light component of white
light but filters out other components. The second sub-pixel
corresponding to a green color includes an organic light
emitting diode OLED emitting white light and a second
color filter corresponding to green light. The second color
filter transmits a green light component of white light but
filters out other components. The third sub-pixel corre-
sponding to a blue color includes an organic light emitting
diode OLED emitting white light and a third color filter
corresponding to a blue light. The third color filter transmits
a blue light component of white light but filters out other
components. The fourth sub-pixel corresponding to a white
color includes an organic light emitting diode OLED emit-
ting white light and a fourth color filter transmitting white
light.

[0041] Referring to FIG. 2, the pixel circuit of each of the
sub-pixels SP includes a switching transistor Tsw, a driving
transistor Tdr, and a storage capacitor Cst.

[0042] The switching transistor Tsw is connected to the
gate line GL, the data line DL and the driving transistor Tdr.
The switching transistor Tsw transmits the data signal Vdata
of the data line DL to the driving transistor Tdr and the
storage capacitor Cst when turned on based on the gate
signal GS of the gate line GL.

[0043] The storage capacitor Cst is connected between a
gate terminal and a source terminal of the driving transistor
Tdr and is charged in response to the data signal Vdata
supplied from the turned-on switching transistor Tsw.
[0044] The driving transistor Tdr is turned on in response
to the data signal Vdata and a charging voltage of the storage
capacitor Cst. A current path between first and second drive
power supplies VDD, VSS is created by the turned-on
driving transistor Tdr to allow a driving current loled to be
supplied to the organic light emitting diode OLED.

[0045] Returning to FIG. 1, the deterioration compensa-
tion unit 200 corrects input data of each of the sub-pixels SP
according to a degree of deterioration of each of the sub-
pixels SP to generate input modulation data Mdata of each
of the sub-pixels SP.

[0046] Specifically, the deterioration compensation unit
200 generates deterioration estimation data of each of the
sub-pixels SP based on cumulative data of each of the
sub-pixels SP. The deterioration compensation unit 200
generates first and second temperature deterioration data
based on display temperature data corresponding to tem-
perature of the organic light emitting display device. The
deterioration compensation unit 200 calculates an individual
compensation gain corresponding to each of the sub-pixels
SP based on the deterioration estimation data and the first
and second temperature deterioration data. The deterioration
compensation unit 200 corrects the input data Idata of each
of the sub-pixels SP according to the individual compensa-
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tion gain of each of the sub-pixels SP to generate input
correction data of each of the sub-pixels SP. The deteriora-
tion compensation unit 200 calculates a global compensation
gain based on the cumulative data of all of the sub-pixels SP
and generates the input modulation data Mdata of each of the
sub-pixels SP based on the global compensation gain.
Details of the deterioration compensation unit 200 will be
described further below.

[0047] The gate driver 310 supplies the gate signal GS to
each of the sub-pixels SP through the gate line GL. In other
words, the gate driver 310 supplies the gate signal GS to
each of the sub-pixels SP based on a gate control signal GCS
from the timing controller 330.

[0048] The data driver 320 supplies the data signal Vdata
to the plurality of sub-pixels SP through the data line DL.
Here, the data signal Vdata corresponds to an output value
of the deterioration compensation unit 200. In other words,
the data driver 320 generates the data signal Vdata of each
of the sub-pixels SP corresponding to the input modulation
data Mdata of each of the sub-pixels SP output from the
deterioration compensation unit 200.

[0049] The data driver 320 supplies the data signal Vdata
to each of the sub-pixels SP based on pixel data DATA and
the data control signal DCS from the timing controller 330.
For example, the data driver 320 may convert the pixel data
DATA into an analog-type data signal Vdata using a plurality
of reference gamma voltages according to a data control
signal DCS and supply the data signal Vdata to each of the
sub-pixels SP.

[0050] The timing controller 330 controls driving of the
gate driver 310 and the data driver 320.

[0051] For example, the timing controller 330 generates
the gate control signal GCS and the data control signal DCS
based on a timing synchronization signal TSS input from the
outside. The gate control signal GCS serves to control
driving of the gate driver 310 and the data control signal
DCS serves to control driving of the data driver 320. Here,
the timing synchronization signal TSS may include a verti-
cal synchronization signal, a horizontal synchronization
signal, a data enable signal, a dot clock, and the like.
[0052] The timing controller 330 aligns the input modu-
lation data Mdata output from the deterioration compensa-
tion unit 200 with pixel arrangement of the display panel
100. The timing controller 330 supplies the aligned pixel
data DATA to the data driver 320.

[0053] The deterioration compensation unit 200 may be a
component of the timing controller 330. In other words, the
deterioration compensation unit 200 may be a program or
logic embedded in the timing controller 330.

[0054] The first memory 410 stores the cumulative data
Adata of each of the sub-pixels SP generated by the dete-
rioration compensation unit 200.

[0055] The second memory 420 stores first and second
stress data TDdata accumulated by the deterioration com-
pensation unit 200.

[0056] Next, a deterioration compensation unit according
to one embodiment of the present invention and a method for
driving an organic light emitting display device including
the same will be described with reference to FIGS. 3 and 4.
[0057] FIG. 3 is a diagram of the deterioration compen-
sation unit of FIG. 1. FIG. 4 is a flowchart illustrating a
method for driving an organic light emitting display device
according to one embodiment of the present invention.
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[0058] Referring to FIG. 3, the deterioration compensation
unit 200 according to this embodiment includes: a deterio-
ration estimation data generation unit 210, a temperature
deterioration data generation unit 220, an individval com-
pensation gain calculation unit 230, an individual compen-
sation unit 240, a global compensation gain calculation unit
250, a global compensation unit 260, and a data accumula-
tion unit 270.

[0059] The deterioration estimation data generation unit
210 generates deterioration estimation data of each of the
sub-pixels based on the cumulative data Adata of each of the
sub-pixels. Here, the deterioration estimation data may be
generated by estimating a degree of deterioration of the
sub-pixel corresponding to the cumulative data using data
modeling of a degree of usage-dependent deterioration of
the organic light emitting diode.

[0060] The temperature deterioration data generation unit
220 generates the first and second temperature deterioration
data based on display temperature data corresponding to the
temperature inside or outside the organic light emitting
display device. Here, the first and second temperature dete-
rioration data may be generated by estimating a degree of
deterioration of each of the first and second organic light
emitting layers using data modeling of the degree of dete-
rioration of each of the first and second organic light
emitting layers according to temperature around the organic
light emitting diode and usage of the organic light emitting
diode, wherein the degree of deterioration corresponds to the
display temperature data and a period of time for which the
display temperature data is maintained.

[0061] For example, the temperature deterioration data
generation unit 220 accumulates the first stress data stored in
the second memory 420 when the display temperature data
is higher than or equal to a predetermined threshold tem-
perature in a predetermined measurement cycle, and accu-
mulates the second stress data stored in the second memory
420 when the display temperature data is less than the
predetermined threshold temperature in the predetermined
measurement cycle.

[0062] Here, the first stress data is provided to count usage
of the first organic light emitting layer of the organic light
emitting diode emitting white light at a temperature higher
than or equal to the threshold temperature TH_T, in which
the first organic light emitting layer corresponds to yellow
light.

[0063] The second stress data is provided to count usage
of the second organic light emitting layer of the organic light
emitting diode emitting white light at a temperature less than
the threshold temperature TH_T, in which the second
organic light emitting layer corresponds to blue light.
[0064] Here, the first organic light emitting layer corre-
sponds to yellow light, which is a mixture of red light and
green light, and the second organic light emitting layer
corresponds to blue light.

[0065] The threshold temperature may be set to a tem-
perature at which the first organic light emitting layer is
more deteriorated than the second organic light emitting
layer, as determined through experimentation. For example,
the threshold temperature may be about 60° C.

[0066] The temperature deterioration data generation unit
220 generates the first temperature deterioration data corre-
sponding to the accumulated first stress data and the second
temperature deterioration data corresponding to the accu-
mulated second stress data.
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[0067] Here, the first and second temperature deterioration
data may be generated using a predetermined lookup table
created through data modeling for estimating degrees of
deterioration of the first and second organic light emitting
layers corresponding to the first and second stress data.
[0068] The individual compensation gain calculation unit
230 calculates the individual compensation gain PCG of
each of the sub-pixels based on the deterioration estimation
data of each of the sub-pixels and the first and second
temperature deterioration data.

[0069] That is, the individual compensation gain calcula-
tion unit 230 calculates the individual compensation gain of
each of the sub-pixels based on the deterioration estimation
data of each of the sub-pixels. In addition, the individual
compensation gain calculation unit 230 calculates the indi-
vidual compensation gain of at least one of the first and
second sub-pixels which emit red light and green light,
respectively, based on the first temperature deterioration
data. Further, the individual compensation gain calculation
unit 230 calculates the individual compensation gain of the
third sub-pixel that emits blue light, based on the second
temperature deterioration data. Moreover, the individual
compensation gain calculation unit 230 calculates the indi-
vidual compensation gain of the fourth sub-pixel that emits
white light, based on the deterioration estimation data of the
fourth sub-pixel.

[0070] For example, the individual compensation gain of
the first sub-pixel may be calculated based on the deterio-
ration estimation data of the first sub-pixel and the first
temperature deterioration data, and the individual compen-
sation gain of the second sub-pixel may be calculated based
on the deterioration estimation data of the second sub-pixel
and the first temperature deterioration data. In addition, the
individual compensation gain of the third sub-pixel may be
calculated based on the deterioration estimation data of the
third sub-pixel and the second temperature deterioration
data, and the individual compensation gain of the fourth
sub-pixel may be calculated based on the deterioration
estimation data of the fourth sub-pixel.

[0071] In this way, it is possible to compensate for differ-
ence in degree of deterioration between the first and second
organic light emitting layers of the organic light emitting
diode emitting white light depending upon the ambient
temperature.

[0072] That is, according to this embodiment, when the
first organic light emitting layer emitting yellow light is
more deteriorated than the second organic light emitting
layer at a high temperature higher than or equal to the
threshold temperature, the individual compensation gain of
at least one of the first and second sub-pixels that correspond
to red light and green light, respectively, is increased. In
contrast, when the second organic light emitting layer emit-
ting blue light is more deteriorated than the first organic light
emitting layer at a temperature less than the threshold
temperature, the individual compensation gain of the third
sub-pixel corresponding to a blue color is increased.
[0073] Since the data signal supplied to each of the
sub-pixels corresponds to the individual compensation gain
of each of the sub-pixels, the data signal supplied to each of
the sub-pixels can be adjusted according to the first and
second temperature deterioration data respectively corre-
sponding to the degrees of deterioration of the first and
second organic light emitting layers. Thus, it is possible to
compensate for difference in degree of deterioration between
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the first and second organic light emitting layers by adjusting
luminance of the first and second sub-pixels or by adjusting
luminance of the third sub-pixel. As a result, the color
temperature of white light can be kept constant.

[0074] In addition, the individual compensation gain of
each of the sub-pixels calculated by the individual compen-
sation gain calculation unit 230 may be a real number greater
than or equal to 1.

[0075] The individual compensation unit 240 corrects the
input data Idata of each of the sub-pixels according to the
individual compensation gain PCG of each of the sub-pixels
to generate input correction data Idata' of each of the
sub-pixels.

[0076] For example, the input correction data Idata' gen-
erated by the individual compensation unit 240 may be a
product of the input data Idata and the individual compen-
sation gain PCG. However, it should be understood that this
has been presented by way of example only and operation of
correcting the input data Idata based on the individual
compensation gain PCG may vary indifferent situations.

[0077] The global compensation gain calculation unit 250
calculates the global compensation gain GCG cortesponding
to all of the sub-pixels based on any one of maximum
cumulative data, average cumulative data, and minimum
cumulative data corresponding to the cumulative data of all
of the sub-pixels. Here, the global compensation gain GCG
is provided for collectively adjusting data signals of all of
the sub-pixels and may be a real number greater than or
equal to 0 and less than 1.

[0078] For example, the global compensation gain calcu-
lation unit 250 detects the maximum cumulative data, which
is a maximum value of the cumulative data of all of the
sub-pixels. Then, the global compensation gain calculation
unit 250 may calculate the global compensation gain GCG
based on the maximum cumulative data. In this case, lumi-
nances of all of the sub-pixels are reduced corresponding to
the global compensation gain GCG based on the maximum
cumulative data, whereby a deterioration rate of the organic
light emitting diode of the sub-pixel corresponding to the
maximum cumulative data can be decreased.

[0079] Alternatively, the global compensation gain calcu-
lation unit 250 detects the average cumulative data, which is
an average value of the cumulative data of all of the
sub-pixels. Then, the global compensation gain calculation
unit 250 may calculate the global compensation gain GCG
based on the average cumulative data. Alternatively, the
global compensation gain calculation unit 250 may detect
the minimum cumulative data, which is a minimum value of
the cumulative data of all of the sub-pixels. Then, the global
compensation gain calculation unit 250 may calculate the
global compensation gain GCG based on the minimum
cumulative data.

[0080] The global compensation unit 260 modulates the
input correction data Idata' of each of the sub-pixels accord-
ing to the global compensation gain GCG to generate the
input modulation data Mdata of each of the sub-pixels. For
example, the input modulation data Mdata generated by the
global compensation unit 260 may be a product of the input
correction data Idata' and the global compensation gain
GCG. However, it should be understood that this has been
presented by way of example only and operation of modu-
lating the input correction data Idata' based on the global
compensation gain GCG may vary indifferent situations.
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[0081] The data accumulation unit 270 sums the input
correction data Mdata output from the global compensation
unit 260 and updates the cumulative data Adata of each of
the sub-pixels stored in the first memory 410.

[0082] Referring to FIG. 4, a method for driving an
organic light emitting display device according to one
embodiment of the invention includes: generating cumula-
tive data of each sub-pixel (S11); generating deterioration
estimation data of each sub-pixel based on the cumulative
data of each sub-pixel (S12); accumulating first stress data
corresponding to a degree of deterioration of a first organic
light emitting layer included in an organic light emitting
diode of a sub-pixel corresponding to a white color (S23)
when display temperature data corresponding to a tempera-
ture of the organic light emitting display device is higher
than or equal to a predetermined threshold temperature
(S22) in a predetermined measurement cycle (S21); accu-
mulating second stress data corresponding to a degree of
deterioration of a second organic light emitting layer
included in the organic light emitting diode of the sub-pixel
corresponding to the white color (S24) when the display
temperature data is less than the predetermined threshold
temperature (S22) in the predetermined measurement cycle
(S21); generating first temperature deterioration data based
on the accumulated first stress data (S25); generating second
temperature deterioration data based on the accumulated
second stress data (S26); calculating an individual compen-
sation gain of each sub-pixel based on the deterioration
estimation data of each sub-pixel and the first and second
temperature deterioration data (S30); generating input cor-
rection data of each sub-pixel by correcting input data of
each sub-pixel according to the individual compensation
gain of each sub-pixel (S40); calculating a global compen-
sation gain corresponding to all of the sub-pixels based on
the cumulative data of all of the sub-pixels (S50); and
generating input modulation data of each sub-pixel by
modulating the input data of each sub-pixel according to the
global compensation gain (S60).

[0083] Specifically, a data accumulation unit 270 accumu-
lates the input modulation data Mdata of each sub-pixel
supplied to a timing controller 200 to generate the cumula-
tive data Adata of each sub-pixel and then supplies the
cumulative data to a first memory 410 (S11). That is, the first
memory 410 stores the cumulative data Adata of each
sub-pixel.

[0084] A deterioration estimation data generation unit 210
generates the deterioration estimation data of each sub-pixel
based on the cumulative data Adata of each sub-pixel stored
in the first memory 410 (S12). Here, the deterioration
estimation data is an estimate of a degree of usage-depen-
dent deterioration of an organic light emitting diode of each
sub-pixel.

[0085] A temperature deterioration data generation unit
220 includes a timer for counting a measurement cycle MC.
If the timer does not indicate the measurement cycle MC
(S21), the temperature deterioration data generation unit 220
activates the timer (S211). If the timer indicates the mea-
surement cycle MC (S21), the temperature deterioration data
generation unit 220 resets the timer (S212) and compares the
display temperature data with the predetermined threshold
temperature TH_T (S22).

[0086] The temperature deterioration data generation unit
220 accumulates the first stress data stored in a second
memory 420 when the display temperature data is higher
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than or equal to the threshold temperature TH_T in the
predetermined measurement cycle MC (S23). On the other
hand, the temperature deterioration data generation unit 220
accumulates the second stress data stored in the second
memory 420 when the display temperature data is less than
the threshold temperature TH_T in the predetermined mea-
surement cycle MC (S24).

[0087] Here, the first stress data is provided to count usage
of a first organic light emitting layer of an organic light
emitting diode emitting white light at a temperature higher
than or equal to the threshold temperature TH_T, in which
the first organic light emitting layer corresponds to yellow
light.

[0088] The second stress data is provided to count usage
of a second organic light emitting layer of the organic light
emitting diode emitting white light at a temperature less than
the threshold temperature TH_T, in which the second
organic light emitting layer corresponds to blue light.
[0089] The threshold temperature is set to a temperature at
which the first organic light emitting layer is more deterio-
rated than the second organic light emitting layer. For
example, the threshold temperature may be about 60° C.
[0090] The second memory 420 stores the accumulated
first and second stress data.

[0091] The temperature deterioration data generation unit
220 generates the first temperature deterioration data corre-
sponding to the first stress data (S25) and the second
temperature deterioration data corresponding to the second
stress data (S26). Here, the first temperature deterioration
data corresponds to an estimate of a degree of deterioration
of the first organic light emitting layer, and the second
temperature deterioration data corresponds to an estimate of
a degree of deterioration of the second organic light emitting
layer.

[0092] An individual compensation gain calculation unit
230 calculates the individual compensation gain PCG of
each sub-pixel based on the deterioration estimation data of
each sub-pixel and the first and second temperature deterio-
ration data (S30).

[0093] Here, the individual compensation gain PCG of at
least one of a first sub-pixel and a second sub-pixel respec-
tively corresponding to red light and green light among two
or more sub-pixels included in each unit pixel is calculated
based on the deterioration estimation data of each of the first
and second sub-pixels and the first temperature deterioration
data.

[0094] In addition, the individual compensation gain PCG
of a third sub-pixel corresponding to a blue color is calcu-
lated based on the deterioration estimation data of the third
sub-pixel and the second temperature deterioration data.
[0095] An individual compensation unit 240 generates the
input correction data Idata' of each sub-pixel by correcting
the input data Idata of each sub-pixel according to the
individual compensation gain PCG of each sub-pixel (S40).
[0096] A global compensation gain calculation unit 250
calculates the global compensation gain corresponding to all
of the sub-pixels based on the cumulative data Adata of each
sub-pixel (S50).

[0097] For example, the global compensation gain may be
calculated based on any one of the maximum value, the
average value, and the minimum value among the cumula-
tive data of all of the sub-pixels.

[0098] A global compensation unit 260 modulates the
input correction data of each sub-pixel according to the
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global compensation gain to generate the input modulation
data Mdata of each sub-pixel (S60).

[0099] As described above, the deterioration compensa-
tion unit 200 of the organic light emitting display device
according to one embodiment of the invention estimates the
degrees of deterioration of the first and second organic light
emitting layers according to temperature around the organic
light emitting diode to generate the first and second tem-
perature deterioration data. In addition, the deterioration
compensation unit calculates the individual compensation
gain of at least one of the first and second sub-pixels
respectively emitting red light and green light, based on both
the deterioration estimation data of each of the first and
second sub-pixels and the first temperature deterioration
data corresponding to the degree of deterioration of the first
organic light emitting layer corresponding to yellow light.
Further, the deterioration compensation unit calculates the
individual compensation gain of the third sub-pixel emitting
blue light, based on the deterioration estimation data of the
third sub-pixel and the second temperature deterioration data
corresponding to the degree of deterioration of the second
organic light emitting layer corresponding to blue light.
[0100] In this way, in the organic light emitting diode
emitting white light, when the first organic light emitting
layer emitting yellow light is more deteriorated than the
second organic light emitting layer emitting blue light due to
ambient temperature higher than or equal to the threshold
temperature, the individual compensation gain of at least
one of the first and second sub-pixels that emit red light and
green light, respectively, is adjusted to increase luminance of
at least one of the first and second sub-pixels, thereby
preventing white light from having a color temperature
biased to a blue color.

[0101] In addition, in the organic light emitting diode
emitting white light, when the second organic light emitting
layer emitting blue light is more deteriorated than the first
organic light emitting layer due to ambient temperature less
than the threshold temperature, the individual compensation
gain of the third sub-pixel that emits blue light is adjusted to
increase luminance of the third sub-pixel, thereby prevent-
ing white light from having a color temperature biased to a
yellow color.

[0102] In this way, difference in degree of deterioration
between the first and second organic light emitting layers
due to the ambient temperature can be compensated, thereby
preventing change in color temperature of white light.
[0103] This effect will be described in more detail with
reference to FIGS. 5 to 9.

[0104] FIG. 5 is a graph showing difference in luminance
change according to ambient temperature. FIG. 6 is a graph
showing difference in change of color temperature according
to ambient temperature. FIG. 7 is a diagram showing direc-
tion of change of color temperature according to ambient
temperature in a color coordinate system. FIG. 8 is a
schematic view showing luminances of a sub-pixel corre-
sponding to a red or green color and a sub-pixel correspond-
ing to a white color, as measured immediately after the
sub-pixels are fabricated, after the sub-pixels are deterio-
rated, after compensation according to the deterioration
estimation data, and after compensation according to the
deterioration estimation data and the first temperature dete-
rioration data. FIG. 9 is a schematic view showing lumi-
nances of a sub-pixel corresponding to a blue color and a
sub-pixel corresponding to a white color, as measured
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immediately after the sub-pixels are fabricated, after the
sub-pixels are deteriorated, after compensation according to
the deterioration estimation data, and after compensation
according to the deterioration estimation data and the second
temperature deterioration data.

[0105] Referring to FIG. 5, the organic light emitting
diode deteriorates and luminance of the organic light emit-
ting diode is gradually decreased over time. In addition, it
can be seen that the luminance of the organic light emitting
diode is more sharply decreased at an ambient temperature
of 60° C. or higher than at an ambient temperature of about
33° C. In FIG. 5, the horizontal axis represents cumulative
operation time and the vertical axis represents a ratio of
luminance of the deteriorated organic light emitting diode to
initial luminance of the organic light emitting diode.
[0106] Referring to FIG. 6, it can be seen that the color
temperature of the organic light emitting diode gradually
increases with increasing cumulative operation time when
the ambient temperature is higher than or equal to 60° C,,
whereas the color temperature gradually decreases with
increasing cumulative operation time when the ambient
temperature is about 33° C. Here, the increase in color
temperature means that the color temperature of white light
becomes closer to blue light, and the decrease in color
temperature means that the color temperature of white light
becomes closer to a red or green color.

[0107] That is, as shown in FIG. 7, when the ambient
temperature is higher than or equal to 60° C., the color
temperature of white light is changed in Direction A, i.e.,
becomes closer to blue light. On the other hand, when the
ambient temperature is a temperature of about 33° C., the
color temperature of white light is changed in Direction B,
i.e., becomes closer to a yellow color between red and green
colors.

[0108] According to this embodiment, the color tempera-
ture of white light can be kept constant by changing lumi-
nances of the first, second and third sub-pixels of each unit
pixel, which correspond to red, green and blue colors,
respectively, to compensate for change in color temperature
of white light depending upon the ambient temperature.
[0109] For example, for a given data signal, luminance B
of blue light and luminance W of white light are decreased
below initial values (FIG. 8(a)) with increasing cumulative
operation time of the organic light emitting display device,
as shown in FIG. 8(5).

[0110] The luminance B of blue light and the luminance W
of white light can become similar to the initial values (FIG.
8(a)) by compensating for deterioration of the organic light
emitting diode with increasing cumulative operation time of
the organic light emitting display device, based on the
deterioration estimation data of each sub-pixel, as shown in
FIG. 8(c).

[0111] According to this embodiment, in the sub-pixel
emitting white light, the luminance B of blue light may be
increased above the initial value by compensating for dif-
ference in degree of deterioration between the second
organic light emitting layer corresponding to blue light and
the first organic light emitting layer corresponding to yellow
light due to the temperature of the organic light emitting
display device, based on the second temperature deteriora-
tion data. In this way, even when the second organic light
emitting layer is more deteriorated than the first organic light
emitting layer, the color temperature of white light can be
kept constant without being biased to yellow light.
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[0112] In addition, for a given data signal, luminance R of
red light and luminance W of white light are decreased
below the initial values (FIG. 9(a)) with increasing cumu-
lative operation time of the organic light emitting display
device, as shown in FIG. 9(b),

[0113] The luminance R of red light and the luminance W
of white light can become similar to the initial values (FIG.
9(a)) by compensating for deterioration of the organic light
emitting diode with increasing cumulative operation time of
the organic light emitting display device, based on the
deterioration estimation data of each sub-pixel, as shown in
FIG. 9(c).

[0114] Further, according to this embodiment, in the sub-
pixel emitting white light, the luminance R of red light may
be increased above the initial value by compensating for
difference in degree of deterioration between the first
organic light emitting layer corresponding to yellow light
and the second organic light emitting layer corresponding to
blue light due to the temperature of the organic light emitting
display device, based on the first temperature deterioration
data. In this way, even when the first organic light emitting
layer is more deteriorated than the second organic light
emitting layer, the color temperature of white light can be
kept constant without being biased to blue light.

[0115] According to this embodiment, the input modula-
tion data Mdata of each sub-pixel is generated based on the
global compensation gain.

[0116] For example, the global compensation gain calcu-
lation unit 250 may detect the maximum value among the
cumulative data Adata of all of the sub-pixels and calculate
the global compensation gain based on the maximum cumu-
lative data. According to the global compensation gain, the
input correction data Idata' of all of the sub-pixels may be
reduced.

[0117] FIG. 10 is a graph showing luminance of a sub-
pixel, as measured after compensation according to the
individual compensation gain and after compensation
according to the individual compensation gain and the
global compensation gain.

[0118] Referring to FIG. 10, when the global compensa-
tion gain is calculated based on the maximum cumulative
data, the luminance B of the sub-pixel after compensation
according to both the individual compensation gain and the
global compensation gain is lower than the luminance A
after compensation according to the individual compensa-
tion gain.

[0119] In this way, a rate of deterioration of an organic
light emitting diode can be advantageously reduced. If a
sub-pixel corresponding to the maximum cumulative data is
operated to exhibit relatively high luminance according to a
relatively large individual compensation gain, the sub-pixel
can deteriorate more quickly than other sub-pixels, thereby
causing failure of the display. According to this embodi-
ment, the luminances of all of the sub-pixels may be
adjusted according to the global compensation gain corre-
sponding to all of the sub-pixels, whereby the deterioration
rates of all of the sub-pixels can be relatively uniformly
regulated, and thereby increasing lifespan of the display.
[0120] Although some embodiments have been described
herein, it should be understood that these embodiments are
provided for illustration only and are not to be construed in
any way as limiting the present invention, and that various
modifications, changes, alterations, and equivalent embodi-
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ments can be made by those skilled in the art without
departing from the spirit and scope of the invention.

What is claimed is:

1. An organic light emitting display device, comprising:

a display panel comprising a plurality of unit pixels
arranged in matrix form in a display area, each unit
pixel comprising at least three sub-pixels correspond-
ing to different colors and an organic light emitting
diode corresponding to each of the sub-pixels;

a deterioration compensation unit configured to generate
deterioration estimation data of each of the sub-pixels
based on cumulative data of each of the sub-pixels,
generate first and second temperature deterioration data
based on display temperature data corresponding to
temperature of the organic light emitting diode display,
calculate an individual compensation gain correspond-
ing to each of the sub-pixels based on the deterioration
estimation data and the first and second temperature
deterioration data, and correct input data of each of the
sub-pixels based on the individual compensation gain
of each of the sub-pixels;

a gate driver configured to supply a scan signal to each of
the sub-pixels;

a data driver configured to supply a data signal corre-
sponding to an output value of the deterioration com-
pensation unit to each of the sub-pixels; and

a timing controller configured to control driving of each
of the gate driver and the data driver.

2. The organic light emitting display device according to
claim 1, wherein the deterioration compensation unit com-
prises:

a deterioration estimation data generation unit configured
to generate deterioration estimation data of each of the
sub-pixels based on the cumulative data of each of the
sub-pixels;

a temperature deterioration data generation unit config-
ured to generate the first and second temperature dete-
rioration data based on the display temperature data
corresponding to the temperature of the organic light
emitting display device;

an individual compensation gain calculation unit config-
ured to calculate the individual compensation gain of
each of the sub-pixels based on the deterioration esti-
mation data and the first and second temperature dete-
rioration data; and

an individual compensation unit configured to correct the
input data of each of the sub-pixels according to the
individual compensation gain of each of the sub-pixels
to generate input correction data of each of the sub-
pixels.

3. The organic light emitting display device according to
claim 2, wherein the temperature deterioration data genera-
tion unit accumulates first stress data when the display
temperature data is higher than or equal to a predetermined
threshold temperature in a predetermined measurement
cycle, accumulates second stress data when the display
temperature data is less than the threshold temperature in the
predetermined measurement cycle, generates the first tem-
perature deterioration data based on the accumulated first
stress data, and generates the second temperature deteriora-
tion data based on the accumulated second stress data,

wherein the first temperature deterioration data corre-
sponds to a degree of deterioration of a first organic
light emitting layer included in the organic light emit-
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ting diode, the second temperature deterioration data
corresponds to a degree of deterioration of a second
organic light emitting layer included in the organic light
emitting diode, and

wherein the first organic light emitting layer corresponds
to mixture light of red and green light, and the second
organic light emitting layer corresponds to blue light.

4. The organic light emitting display device according to
claim 3, wherein each of the unit pixels comprises first,
second, third, and fourth sub-pixels corresponding to red,
green, blue, and white colors, respectively, and

wherein the individual compensation gain calculation unit
calculates the individual compensation gain of each of
the sub-pixels based on the deterioration estimation
data of each of the sub-pixels, calculates the individual
compensation gain of at least one of the first and second
sub-pixels based on the first temperature deterioration
data, and calculates the individual compensation gain
of the third sub-pixel based on the second temperature
deterioration data.

5. The organic light emitting display device according to
claim 2, wherein the deterioration compensation unit further
comprises:

a global compensation gain calculation unit configured to
calculate a global compensation gain corresponding to
all of the sub-pixels based on any one of maximum
cumulative data, average cumulative data, and mini-
mum cumulative data corresponding to the cumulative
data of all of the sub-pixels; and

a global compensation unit configured to modulate the
input correction data of each of the sub-pixels accord-
ing to the global compensation gain to generate input
modulation data of each of the sub-pixels.

6. The organic light emitting display device according to

claim 5, further comprising:

a data accumulation unit configured to generate the cumu-
lative data of each of the sub-pixels by counting the
input modulation data of each of the sub-pixels;

a first memory configured to store the cumulative data of
each of the sub-pixels; and

a second memory configured to store the accumulated first
and second stress data.

7. A method for driving an organic light emitting display
device, the organic light emitting display device comprising
aplurality of unit pixels arranged in matrix form in a display
area and each unit pixel comprising at least three sub-pixels
corresponding to different colors and an organic light emit-
ting diode corresponding to each of the sub-pixels, the
method comprising:

generating deterioration estimation data of each of the
sub-pixels based on cumulative data of each of the
sub-pixels;

accumulating first stress data when display temperature
data corresponding to a temperature of the organic light
emitting display device is higher than or equal to a
predetermined threshold temperature in a predeter-
mined measurement cycle;

accumulating second stress data when the display tem-
perature data is less than the threshold temperature in
the predetermined measurement cycle;

generating first temperature deterioration data based on
the accumulated first stress data;

generating second temperature deterioration data based
on the accumulated second stress data;
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calculating an individual compensation gain of each of the
sub-pixels based on the deterioration estimation data of
each of the sub-pixels and the first and second tem-
perature deterioration data; and

generating input correction data of each of the sub-pixels

by correcting input data of each of the sub-pixels
according to the individual compensation gain of each
of the sub-pixels.

8. The method for driving an organic light emitting
display device according to claim 7, wherein the first stress
data corresponds to cumulative usage of a first organic light
emitting layer at a temperature higher than or equal to the
threshold temperature, and the second stress data corre-
sponds to cumulative usage of a second organic light emit-
ting layer at a temperature less than the threshold tempera-
ture, the first organic light emitting layer corresponding to
mixture light of red and green light, and the second organic
light emitting layer corresponding to blue light.

9. The method for driving an organic light emitting
display device according to claim 8, wherein each of the unit
pixels comprises first, second, third, and fourth sub-pixels
corresponding to red, green, blue, and white colors, respec-
tively,

wherein the individual compensation gain of the first

sub-pixel is calculated based on the deterioration esti-
mation data of the first sub-pixel and the first tempera-
ture deterioration data,
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wherein the individual compensation gain of the second
sub-pixel is calculated based on the detetioration esti-
mation data of the second sub-pixel and the first
temperature deterioration data, and

wherein the individual compensation gain of the third
sub-pixel is calculated based on the deterioration esti-
mation data of the third sub-pixel and the second
temperature deterioration data.

10. The method for driving an organic light emitting
display device according to claim 7, further comprising:

calculating a global compensation gain corresponding to
all of the sub-pixels based on any one of maximum
cumulative data, average cumulative data, and mini-
mum cumulative data corresponding to the cumulative
data of all of the sub-pixels; and

generating input modulation data of each of the sub-pixels
by modulating input correction data of each of the
sub-pixels according to the global compensation gain.

11. The method for driving an organic light emitting

display device according to claim 7, further comptrising:

generating the cumulative data of each of the sub-pixels
by counting the input modulation data of each of the
sub-pixels.
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