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(57) ABSTRACT

A degradation compensation device and an organic light
emitting display device including the same are provided.
The degradation compensation device includes a degrada-
tion rate acquisition unit acquiring estimated degradation
rates, estimated with respect to a plurality of respective
pixels, based on panel usage information, a digital compen-
sation unit performing digital compensation to lower a
digital gradation of each pixel, based on a luminance of a
pixel having a maximum degradation rate, among the esti-
mated degradation rates, and an analog compensation unit
performing analog compensation to increase luminance of
the plurality of pixels by changing an analog voltage sup-
plied to a panel, after performing the digital compensation.
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DEGRADATION COMPENSATION DEVICE
AND ORGANIC LIGHT EMITTING DISPLAY
DEVICE INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims benefit of priority to
Korean Patent Application No. 10-2018-0094677 filed on
Aug. 14, 2018 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Field

[0002] The present inventive concept relates to a degra-
dation compensation device and an organic light emitting
display device including the same. More particularly, the
present inventive concept relates to a degradation compen-
sation device, and for performing digital compensation and
analog compensation.

2. Description of Related Art

[0003] In organic light emitting diodes (OLEDs), the
degree of luminance may be lowered depending on a driving
period and the amount of driving current, a main cause of
deteriorating quality in OLED displays.

[0004] The deterioration of a device may appear as a
decrease in luminescence or brightness, and uneven dete-
rioration occurs between a channel and a device depending
on usage time. As a result, the quality of an image deterio-
rates due to the degradation in luminance, color shift and
degradation in uniformity.

SUMMARY

[0005] An aspect of the present inventive concept is to
provide a degradation compensation device, capable of
preventing afterimage and maintaining image quality, by
maintaining starting luminance and chromaticity in a state
before deterioration of an OLED device occurs, for as long
as possible, and an organic light emitting display device
including the same.

[0006] According to an aspect of the present inventive
concept, a degradation compensation device includes a
degradation rate acquisition unit acquiring estimated degra-
dation rates, estimated with respect to a plurality of respec-
tive pixels, based on panel usage information; a digital
compensation unit performing digital compensation to lower
a digital gradation of each pixel, based on a luminance of a
pixel having a maximum degradation rate, among the esti-
mated degradation rates; and an analog compensation unit
performing analog compensation to increase luminance of
the plurality of pixels by changing an analog voltage sup-
plied 10 a panel, after performing the digital compensation.
[0007] According to an aspect of the present inventive
concept, an organic light emitting display device includes a
panel; and a degradation compensation device. The degra-
dation compensation device includes a degradation rate
acquisition unit acquiring estimated degradation rates, esti-
mated with respect to a plurality of respective pixels, using
a stretched exponential decay model generated using cumu-
lative degradation amount information obtained by accumu-
lating a degradation amount, based on usage information
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with respect to the panel; a digital compensation unit pet-
forming digital compensation, using the degradation rates
with respect to the plurality of respective pixels; and an
analog compensation unit performing analog compensation
by changing an analog voltage supplied to the panel, after
performing the digital compensation.

[0008] According to an aspect of the present inventive
concept, an organic light emitting display device includes a
panel; and a degradation compensation device estimating
degradation rates with respect to a plurality of respective
pixels by passing cumulative degradation amount informa-
tion through a stretched exponential decay model defined by
a degradation rate function over time, using voltage infor-
mation for actual pixel output based on the panel, the
degradation compensation device calculating a compensa-
tion voltage for each pixel, based on a luminance of a pixel
having a maximum degradation rate among the degradation
rates estimated by the degradation compensation device, to
supply the compensation voltage to the plurality of pixels,
and calculating a gamma tap voltage supplied to the panel to
change an analog voltage of a source driver.

BRIEF DESCRIPTION OF DRAWINGS

[0009] The above and other aspects, features, and advan-
tages of the present disclosure will be more clearly under-
stood from the following detailed description, taken in
conjunction with the accompanying drawings, in which:
[0010] FIG. 1 is a graph illustrating a decrease in lumi-
nance for each channel over driving time of an organic light
emitting display device;

[0011] FIG. 2 is a block diagram illustrating a degradation
compensation device according to exemplary embodiments
of the present inventive concept;

[0012] FIG. 3 is a block diagram of a degradation rate
estimator according to exemplary embodiments of the pres-
ent inventive concept;

[0013] FIG. 4 is a graph illustrating a result of measuring
luminance data over time for each channel by capturing an
image according to a degradation progression according to
exemplary embodiments of the present inventive concept;
[0014] FIG. 5 is a graph illustrating a process of modeling
a stretched exponential decay model using the graph of
measured results according to exemplary embodiments of
the present inventive concept;

[0015] FIG. 6 illustrates a table summarizing measure-
ment data with respect to a relationship between a voltage
and time according to exemplary embodiments of the pres-
ent inventive concept;

[0016] FIG. 7 is a graph illustrating a curve illustrating
actual measurement data and a curve for a stretched expo-
nential decay model result extracted based on the actual
measurement data according to exemplary embodiments of
the present inventive concept;

[0017] FIG. 8 is a block diagram illustrating the digital
compensation unit according to exemplary embodiments of
the present inventive concept;

[0018] FIG. 9 is a schematic diagram illustrating a digital
compensation process according to exemplary embodiments
of the present inventive concept;

[0019] FIG. 10 is a block diagram of an analog compen-
sation unit according to exemplary embodiments of the
present inventive concept;
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[0020] FIG. 11 illustrates an I-V curve applied to calculate
an analog adjustment voltage in an analog adjustment volt-
age calculator according to exemplary embodiments of the
present inventive concept;

[0021] FIG. 12 is a graph illustrating a change in a gamma
tap voltage value during digital compensation and analog
compensation according to exemplary embodiments of the
present inventive concept;

[0022] FIG. 13 is a diagram illustrating the effect of use of
a degradation compensation device according to exemplary
embodiments of the present inventive concept; and

[0023] FIG. 14 is a diagram illustrating an overall opera-
tion of a degradation compensation device according to
exemplary embodiments of the present inventive concept.

DETAILED DESCRIPTION

[0024] Hereinafter, exemplary embodiments of'the present
inventive concept will be described with reference to the
accompanying drawings.

[0025] The advantages and features of the present inven-
tive concept and the manner of achieving them will become
apparent with reference to the embodiments described in
detail below with reference to the accompanying drawings.
The present inventive concept may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of
the invention to those skilled in the art. The invention is only
defined by the scope of the claims. Like reference numerals
refer to like elements throughout the specification.

[0026] The terms ‘unit’, ‘module’, ‘table’, etc. used in the
present embodiment mean software and hardware compo-
nent elements such as a field programmable gate array
(FPGA) or an Application Specific Integrated Circuit
(ASIC), and ‘module’ performs certain functions. However,
modules are not meant to be limited to software or hardware.
A module may be configured to reside on an addressable
storage medium and configured to play one or more pro-
cessors. Thus, by way of example, a module may include
components such as software components, object-oriented
software components, class components and task compo-
nents, and processes, functions, attributes, procedures, sub-
routines, Microcode, circuitry, data, databases, data struc-
tures, tables, arrays, and variables, as will be appreciated by
those skilled in the art. The functions provided in the
components and modules may be combined into a smaller
number of components and modules or further separated
into additional components and modules. In addition, com-
ponents and modules may be implemented to reproduce one
or more central processing units (CPUs) in the device.
[0027] FIG. 1 is a graph illustrating a decrease in lumi-
nance for each channel over driving time of an organic light
emitting display device. In the case of an organic light
emitting diode (OLED) device of an organic light emitting
display, nonuniform degradation may occur, depending on
an operating period of time, such that afterimages may
appear. Alternatively, as illustrated in FIG. 1, a color shift
phenomenon may occur due to a difference in the degrada-
tion progress speed of R, G and B elements, as illustrated in
FIG. 1, resulting in deterioration of quality.

[0028] Thus, the deterioration of a device may appear as
a decrease in luminescence or brightness, and uneven dete-
rioration occurs between a channel and a device depending
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on usage time. As a result, the quality of an image deterio-
rates due to the degradation in luminance, color shift and
degradation in uniformity.

[0029] FIG. 2 is a block diagram illustrating a degradation
compensation device according to exemplary embodiments
of the present inventive concept. As illustrated in FIG. 2, a
device 10 for compensating for degradation according to
exemplary embodiments may include a degradation rate
estimation unit 100, a digital compensation unit 200, and an
analog compensation unit 300. A degradation estimation umit
100 may also be referred to as a degradation rate acquisition
unit.

[0030] The degradation rate estimation unit 100 may
obtain estimated degradation rates with respect to a plurality
of respective pixels based on panel usage information. The
panel usage information may indicate information regarding
a voltage used for actual pixel output based on a display
driver stage of the panel. The degradation rate estimation
unit 100 may correspond the degradation rate estimation unit
100 described with reference to FIG. 3.

[0031] The digital compensation unit 200 may perform
digital compensation based on the estimated degradation
rates obtained by the degradation rate estimation unit 100.
The digital compensation unit 200 may correspond to the
digital compensation unit 200 described with reference to
FIG. 7.

[0032] The analog compensation unit 300 may perform
analog compensation based on the estimated degradation
rates obtained by the degradation rate estimation unit 100.
The analog compensation unit 300 may correspond to the
analog compensation unit 300 described with reference to
FIG. 10.

[0033] Thus, the degradation compensation device may
determine voltage information for a plurality of pixels of a
display panel, estimate a degradation amount for each of the
plurality of pixels based on the corresponding voltage infor-
mation, calculate a compensation voltage for each of the
plurality of pixels based at least in part on the corresponding
degradation amount, and supply the compensation voltage
the carresponding pixel.

[0034] FIG. 3 is a block diagram illustrating the degrada-
tion rate estimation unit 100 according to exemplary
embodiments. As illustrated in FIG. 3, the degradation rate
estimation unit 100 may include a degradation amount
acquisitor 110 and a degradation rate estimator 120.
[0035] The degradation amount acquisitor 110 may accu-
mulate a degradation amount, based on a voltage for actual
pixel output, where the voltage is based on a panel in the
display driver stage.

[0036] As described above, the degradation compensation
device according to exemplary embodiments may not accu-
mulate the degradation amount based on image data (digital
gradation), but rather measures the voltage for actual pixel
output according to the characteristics of each panel in the
display driver stage. The degradation of the pixel will be
affected by the cumulative through-current since the voltage
for the actual pixel output on the display driver stage is
directly related to the through-current. According to exem-
plary embodiments, a relatively large amount of accurate
cumulative degradation information may be obtained by
applying the method considering the characteristics of the
panel. For example, the voltage information of each grada-
tion determined in a gamma voltage generator may be used
as a voltage for actual pixel output.
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[0037] The degradation rate estimator 120 may utilize a
stretched exponential decay model in which the cumulative
degradation amount information is defined by a degradation
rate function over time, to estimate degradation rates for a
plurality of respective pixels. The degradation rate may
indicate a ratio of luminance after a decrease in luminance
due to degradation, relative to starting luminance.

[0038] FIG. 4 is a graph illustrating a result of measuring
luminance data over time for each channel by capturing an
image according to a degradation progression according to
exemplary embodiments of the present inventive concept.
[0039] A degradation test may be performed to measure an
output state, for example, a luminance degradation degree
depending on a driving voltage, and to extract a stretched
exponential decay model. In this case, reliable measurement
of the luminance degradation degree should be performed,
and the output state, for example, a driving voltage, should
be precisely defined. To conduct the degradation test, vari-
ous driving voltages may be input to a panel for respective
channels. In some cases, a degradation pattern for modeling
may be used. For example, a pattern including 16 data points
per channel (i.e., R/G/B/W channels) may be used.

[0040] Various driving voltages for each channel (R/G/B/
W) may be input to perform a degradation progression, and
then images may be captured using radiant equipment
depending on the degradation progression, thereby measur-
ing luminance reduction over time.

[0041] The stretched exponential decay model may have,
for example, the form of a stretched exponential decay
model as illustrated in Equation 1. Thus, the degradation test
may be used to extract the parameters of Equation 1.

£t ]

[0042] In Equation 1, L represents luminance and I,
indicates a starting luminance. The parameter t is a time
variable, and T is a decay time constant, time taken for
degradation to reach a predetermined reference level, as
compared with starting luminance. For example, when a
preset reference is set to 63.2%, T may indicate a period of
time taken for degradation to reach 63.2% (L/L0=0.368) of
a starting luminance.

[0043] The parameter § may be related to degradation
type, and indicates a constant value (i.e., a stretch factor
describing initial drop sharpness) determined for each chan-
nel, irrespective of gradation. After determining the § and ©
parameters using data obtained by measuring the luminance,
a pp value having a smallest error is selected for each channel,
and an appropriate value of T for each piece of data is
determined.

[0044] FIG. 5 is a graph illustrating a process of modeling
a stretched exponential decay model using the graph of
measured results according to exemplary embodiments of
the present inventive concept.

[0045] FIG. 6 is a table summarizing actual measurement
data on the relationship between voltage and lifetime (t)
according to exemplary embodiments of the present inven-
tive concept. OLED lifetime degradation may be related to
a cumulative current having passed, since a driving voltage
is directly related to through-current. Thus, in an exemplary
embodiment of the present inventive concept, a relationship
between a driving voltage and the lifetime (i.e., the time 1)
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may be measured, rather than a relationship between a
cumulative current having passed and the lifetime. These
measurements may then be used to construct a model. That
is, as a result of the modeling, a stretched exponential decay
model may be generated and used.

[0046] FIG. 7 is a graph illustrating a curve illustrating
actual measurement data and a curve for a resulting
stretched exponential decay model extracted based on the
actual measurement data according to exemplary embodi-
ments of the present inventive concept.

[0047] Based on the above-described voltage-t (time)
relationship, when a specific voltage is input, a degradation
amount may be accumulated by 1/t (in unites of stress per
unit time). As luminance increases, the lifetime (t) may
decrease, and thus, a relatively larger amount of degradation
may be accumulated. The parameter T may be converted into
the unit of a frame, such that a normalized unit is accumu-
lated when a highest luminance voltage is applied in a single
frame, and a relative value (<=1) may be accumulated when
a lesser voltage is applied. The cumulative degradation
amount may be converted into a degradation rate by passing
through a stretched exponential decay model (SED) function
previously determined through a degradation experiment.
[0048] In the present inventive concept, the degradation
amount may indicate the reverse of the time taken until the
luminance decreases to a predetermined ratio by continu-
ously applying a predetermined voltage with respect to a
starting luminance. The degradation rate may indicate a ratio
of luminance after the decrease (i.e., due to degradation) to
a starting luminance.

[0049] FIG. 8 is a block diagram illustrating the digital
compensation unit 200 according to exemplary embodi-
ments, and FIG. 9 is a schematic diagram illustrating a
digital compensation process according to exemplary
embodiments.

[0050] The digital compensation unit 200 may perform
digital compensation to lower the digital gradation of each
pixel based on a luminance of a pixel in which a maximum
degradation rate has been generated among estimated deg-
radation rates. As illustrated in FIG. 8 the digital compen-
sation unit 200 may, according to exemplary embodiments,
include a digital adjustment luminance calculator 210, a
digital adjustment voltage calculator 220, and a digital
voltage adjuster 230. The digital compensation unit 200 may
further include an adjustment gradation calculator 240.
[0051] Digital compensation may be performed to reduce
a degradation in uniformity occurring due to a difference in
a degradation rate between a pixel and a channel. However,
if a decrease in luminance occurs, the luminance may not be
increased without a rising digital gradation margin. Thus, a
method of improving uniformity by lowering a digital
gradation may be used, based on the luminance of the pixel
in which a maximum degradation rate occurs among the
pixels of all channels.

[0052] To this end, the digital adjustment luminance cal-
culator 210 may multiply an adjustment ratio (i.e., the ratio
between the degradation rate of the pixel having the highest
degradation rate and the degradation rate of the pixel to be
compensated) by the luminance of the pixel to be compen-
sated to calculate a digital adjustment luminance value.
[0053] Referring to FIG. 9, in one example it may be
assumed that a starting luminance and an input gradation, as
illustrated in the upper left of FIG. 9, are progressively
degraded, to provide a luminance as illustrated in the upper
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right of FIG. 9. A pixel having a luminance value of 350 after
degradation, among pixels illustrated in the upper right of
FIG. 9, is a pixel having the highest degradation rate of 0.7
(i.e,, 350/500) among the pixels illustrated in the upper right
of FIG. 9. For example, if the degradation rate of a pixel to
be compensated is 0.9, the digital adjustment luminance
value may be 350 (obtained by multiplying the luminance of
the pixel, 450, by an adjustment ratio, 7/9). The adjustment
ratio (e.g., 7/9) may be obtained by dividing the degradation
rate of the pixel having the highest degradation rate by the
degradation rate of the pixel to be compensated.

[0054] Next, the digital adjustment voltage calculator 220
may calculate a voltage value to be applied to the pixel to be
compensated from the digital adjustment luminance value.
The voltage value may be calculated using the relationship
between the luminance and the voltage, which may depend
on panel characteristics. For example, the digital adjustment
voltage calculator 220 may calculate a voltage value to be
applied to the pixel, such that the luminance of the pixel to
be compensated may be reduced from 450 to 350. This value
may be the a digital adjustment luminance value.

[0055] In this case, a predetermined voltage-luminance
relationship (i.e., an I-V curve) may be used according to
characteristics of a panel. For example, as illustrated in FIG.
9, the adjustment voltage to be applied to a pixel having a
degradation rate of 1 may be calculated to be 3.7 V; the
adjustment voltage to be applied to a pixel having a degra-
dation ratio of 0.9 may be calculated to be 3.5 V; and the
adjustment voltage to be applied to a pixel having a degra-
dation rate of 0.8 may be calculated as 3.2 V. The voltage-
luminance relationship (the I-V curve) may be determined
by measuring the normalized luminance as a function on the
input voltage.

[0056] The digital voltage adjuster 230 may apply an
adjustment voltage value, (i.e., the value calculated by the
digital adjustment voltage calculator 220) to the pixel to be
compensated in order to lower the digital gradation.

[0057] According to exemplary embodiments, the adjust-
ment gradation calculator 240 may calculate an adjustment
gradation of the pixel to be compensated from the adjust-
ment voltage value calculated by the digital adjustment
voltage calculator 220. The adjustment gradation may be
calculated using a degradation corresponding to a panel
characteristic and a voltage. This adjustment gradation may
be obtained from a gamma curve indicating the relationship
(i.e, a P-V curve) between the gradation and the driving
voltage. The lower left of FIG. 9 shows an adjustment
gradation calculated by the adjustment gradation calculator
240. The gamma curve may be determined according to the
panel characteristics, and may change as the display lumi-
nance is adjusted.

[0058] According to an exemplary embodiment, the
adjustment gradation calculator 240 may also simplify a
relationship (i.e., the I-V curve) between the voltage and the
luminance and a relationship (i.e., the P-V curve) between
the gradation and the voltage, to a relationship (i.e., an I-P
curve) between the luminance and the gradation. Then,
adjustment gradation calculator 240 may calculate the
adjustment gradation of a pixel to be compensated from the
digital adjustment luminance value. The hardware complex-
ity of a device may be reduced by simplifying the relation-
ship between the luminance and voltage and gradation to a
direct relationship of the luminance and gradation.

Feb. 20, 2020

[0059] Using the relationship between the luminance-
voltage-gradation for the gradation for changing to a specific
luminance ratio (which may be based on panel characteris-
tics) may improve the accuracy of the gradation calculation.
In addition, color distortion, regional afterimage and the like
(e.g., due to a difference in a degradation speed between
pixels or channels) may be reduced through the digital
compensation. For example, an afterimage due to high
luminance output may occur in a fingerprint sensing region
of fingerprint-on-display (FoD), and such an afterimage may
be prevented by digital compensation.

[0060] FIG. 10 is a block diagram of an analog compen-
sation unit according to exemplary embodiments, FI1G. 11
illustrates an I-V curve applied to calculate an analog
adjustment voltage in an analog adjustment voltage calcu-
lator according to exemplary embodiments, and FIG. 12 is
a graph illustrating a change in a gamma tap voltage value
during digital compensation and analog compensation
according to exemplary embodiments.

[0061] The analog compensation unit 300 may perform
analog compensation to increase the luminance of a plurality
of pixels by changing the analog voltage supplied to a panel
after performing the digital compensation. The analog com-
pensation unit 300, according to exemplary embodiments,
may include an analog adjustment luminance calculator 310
and an analog adjustment voltage calculator 320.

[0062] The analog adjustment luminance calculator 310
may calculate an analog adjustment luminance value by
multiplying the inverse of an adjustment ratio (specifically,
the ratio between the degradation rate of a pixel having the
highest degradation rate and the degradation rate of the pixel
to be compensated) by the luminance of the pixel to be
compensated. For example, the the adjustment ratio may be
7/9, and the inverse of the ratio, 9/7, may be multiplied by
the luminance of the pixel to be compensated (which may
have already been digitally compensated) to calculate the
adjusted analog adjustment luminance value.

[0063] The analog adjustment voltage calculator 320 may
calculate a gamma tap voltage value (to be applied to the
pixel to be compensated) from the analog adjustment lumi-
nance value calculated by the analog adjustment luminance
calculator 310. The gamma tap voltage value may be cal-
culated using the relationship between the luminance and the
voltage, which may depend on panel characteristics. The
analog adjustment voltage calculator 320 may then add the
gamma tap voltage value to the pixel to be compensated.

[0064] The gamma tap voltage value may be calculated
using the voltage-luminance relationship (i.e., the I-V curve)
as illustrated in FIG. 11. The value of the voltage to be
adjusted may also be determined and used to increase the
luminance to an analog adjustment luminance value calcu-
lated by the analog adjustment luminance calculator 310.
The value of the voltage to be adjusted may depend on a
difference in the luminance values to be changed. For
example, to increase the luminance by a magnitude corre-
sponding to the size of the arrow in the graph of FIG. 11
illustrating the voltage-luminance relationship, the voltage
may be changed from point 2 (about 4 volts) to a value
corresponding to an x coordinate value of point 3 on the -V
curve (i.e., about 3.4 volts). The x coordinate value at point
3 may correspond to a gamma tap voltage value calculated
by the analog adjustment voltage calculator 320. The analog
adjustment voltage calculator 320 may add the calculated
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gamma tap voltage value to the pixel to be compensated to
adjust the luminance of the pixel.

[0065] As illustrated in FIG. 12, according to exemplary
embodiments, the change in the gamma tap voltage during
the process of digital compensation may correspond to
moving from point 1 to point 2 on the upper curve. Then, the
change in voltage during the process of performing analog
compensation may correspond to moving from point 2 on
the upper curve to point 3 on the lower curve.

[0066] In an exemplary embodiment of the present inven-
tive concept, if the compensation is performed for each
gamma tap based on a preset gamma curve, it may be
performed without gamma distortion. For example, a high
luminance output may be required in a fingerprint region to
perform fingerprint sensing in an FoD, and a decrease in
luminance due to degradation may cause degradation in
fingerprint recognition performance. However, the decrease
in recognition performance may be prevented by luminance
compensation by compensating for degradation according to
exemplary embodiments of the present inventive concept.

[0067] FIG. 13 is a diagram illustrating the effect of using
a degradation compensation device according to exemplary
embodiments. Specifically, FIG. 13 illustrates an example in
which only the right panel of a device with multipole panels
has been degraded. In the lower graph of FIG. 13, a rapid
decreases in a boundary portion of degradation curve may be
caused by a decrease in the luminance of the right panel due
to degradation (and minimal or no degradation in the left
panel).

[0068] When a uniform (full white) image is input, color
distortion may also occur due to a decrease in the luminance
of a specific channel (i.e., a blue channel), and a boundary
may appear in the form of an afterimage.

[0069] According to exemplary embodiments, if modula-
tion is performed then, after digital compensation, the lumi-
nance can be made more smooth as indicated by the low-
ermost curve in the lower graph of FIG. 13. That is, using the
method of lowering a digital gradation, uniformity may be
improved to the level equivalent to that of the luminance of
the region that has not been degraded. In addition, color
distortion may be reduced by applying the same degradation
rate between channels.

[0070] After the digital compensation, the luminance may
be restored to the starting luminance (i.e., the luminance
before degradation) through analog compensation. In the
lower graph of FIG. 13, there is an upper curve having a
shape similar to the lowermost curve over a measured
luminance of about 110, which represents the luminance
value after being restored by analog compensation.

[0071] FIG. 14 is a diagram illustrating the overall opera-
tion of a degradation compensation device according to
exemplary embodiments. When non-uniform degradation
occurs during the use of an OLED display device, the
degradation compensation device may accurately calculate
and predict the amount of degradation based on the driving
voltage information available from a panel. For example,
degradation compensation device generate a stretched expo-
nential decay model based on the voltage information sup-
plied from the source block stage to the OLED panel. The
cumulative degradation amount may be predicted through
the stretched exponential decay model, and the degradation
may be mitigated using digital and analog compensation
processes.
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[0072] As illustrated in FIG. 14, the digital compensation
may improve the image quality uniformity through the
relationship (i.e., an I-V curve) between voltage and current
(or luminance) and the relationship (i.e., a gamma curve)
between gradation and voltage. In the analog compensation
process, a gamma tap voltage for compensation may be
calculated by referring to the relationship between the
voltage and the luminance. The gamma tap voltage for
degradation compensation may be reflected in a source
block supplying a voltage to the panel as indicated by arrows
at the bottom of FIG. 14, so that the gamma tap voltage may
be applied to the OLED panel and analog compensation may
be performed.

[0073] A gamma register set to correspond to the gamma
tap voltage may be calculated to update the previous gamma
register set. Thus, analog compensation may be performed
for each gamma tap, based on a gamma curve.

[0074] As set forth above, according to exemplary
embodiments, digital compensation and analog compensa-
tion may be performed using a degradation rate predicted
based on a voltage for actual pixel output, depending on
panel characteristics. The digital compensation and analog
compensation may generate accurate compensation data
corresponding to the physical characteristics of a panel in
order to maintain a starting luminance.

[0075] While exemplary embodiments have been shown
and described above, it will be apparent to those skilled in
the art that modifications and variations could be made
without departing from the scope of the present inventive
concept as defined by the appended claims.

What is claimed is:
1. A degradation compensation device, comprising:

a degradation rate acquisition unit configured to acquire
estimated degradation rates for a plurality of pixels
based on panel usage information;

a digital compensation unit configured to perform digital
compensation to lower a digital gradation of each of the
plurality of pixels based on a luminance of a pixel
having a maximum degradation rate among the esti-
mated degradation rates; and

an analog compensation unit configured to perform ana-
log compensation to increase luminance of the plurality
of pixels by changing an analog voltage supplied to a
panel after performing the digital compensation.

2. The degradation compensation device of claim 1,
wherein the degradation rate acquisition unit comprises a
degradation amount acquisitor configured to obtain cumu-
lative degradation amount information by accumulating a
degradation amount based on a voltage for actual pixel
output for a panel on a display driver stage.

3. The degradation compensation device of claim 2,
wherein the degradation rate acquisition unit further com-
prises a degradation rate estimator configured to estimate a
degradation rate for each of the plurality of pixels by passing
the cumulative degradation amount information through a
stretched exponential decay model defined by a degradation
rate function over time,

wherein the stretched exponential decay model is repre-
sented by
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where L is a luminance, t is a time variable, T is a time
taken for degradation to reach a predetermined refer-
ence level with respect to a starting luminance, f3
denotes a parameter related to a degradation type
determined for each channel irrespective of a gradation,
and L, is the starting luminance.

4. The degradation compensation device of claim 1,
wherein the digital compensation unit comprises a digital
adjustment luminance calculator configured to calculate a
digital adjustment luminance value by multiplying a lumi-
nance of a pixel to be compensated by a ratio between the
maximum degradation rate and a degradation rate of the
pixel to be compensated.

5. The degradation compensation device of claim 4,
wherein the digital compensation unit further comprises:

a digital adjustment voltage calculator configured to cal-
culate a voltage value to be applied to the pixel to be
compensated based on the digital adjustment lumi-
nance value, using a relationship between luminance
and voltage corresponding to panel characteristics; and

a digital voltage adjuster configured to apply the voltage
value calculated by the digital adjustment voltage cal-
culator to the pixel to be compensated.

6. The degradation compensation device of claim 5,
wherein the digital compensation unit further comprises an
adjustment gradation calculator configured to calculate an
adjustment gradation of the pixel to be compensated based
on the voltage value using a relationship between gradation
and voltage corresponding to panel characteristics.

7. The degradation compensation device of claim 5,
wherein the digital compensation unit further comprises an
adjustment gradation calculator configured to calculate an
adjustment gradation of the pixel to be compensated based
on the digital adjustment luminance value using a simplified
relationship between luminance and gradation, wherein the
simplified relationship is based on the relationship between
luminance and voltage and a relationship between gradation
and voltage corresponding to the panel characteristics.

8. The degradation compensation device of claim 1,
wherein the analog compensation unit comprises an analog
adjustment luminance calculator configured to calculate an
analog adjustment luminance value by multiplying a lumi-
nance of a pixel to be compensated by an inverse of a ratio
between the maximum degradation rate and a degradation
rate of the pixel to be compensated.

9. The degradation compensation device of claim 8,
wherein the analog compensation unit further comprises an
analog adjustment voltage calculator configured to calculate
a gamma tap voltage value to be applied to the pixel to be
compensated based on the analog adjustment luminance
value using a relationship between luminance and voltage
corresponding to panel characteristics, and to apply the
gamma tap voltage value to the pixel to be compensated.

10. The degradation compensation device of claim 2,
wherein the degradation amount is a based on a time taken
for luminance to decrease from a starting luminance to a
predetermined ratio of the starting luminance by continu-
ously applying a constant voltage.
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11. An organic light emitting display device comprising:

a panel; and

a degradation compensation device,

wherein the degradation compensation device includes:

a degradation rate acquisition unit configured to acquire
estimated degradation rates for a plurality of pixels
using a stretched exponential decay model generated
using cumulative degradation amount information
obtained by accumulating a degradation amount based
on usage information of the panel,

a digital compensation unit configured to perform digital
compensation on the plurality of pixels using the esti-
mated degradation rates; and

an analog compensation unit configured to perform ana-
log compensation after the digital compensation by
changing an analog voltage supplied to the panel.

12. The organic light emitting display device of claim 11,
wherein the usage information with respect to the panel is
voltage information for actual pixel output based on a
display driver stage of the panel.

13. The organic light emitting display device of claim 11,
wherein the stretched exponential decay model is repre-
sented by

where L is a luminance, t is a time variable, T is a time
taken for degradation to reach a predetermined refer-
ence level with respect to a starting luminance, f3
denotes a parameter related to a degradation type and a
value determined for each channel irrespective of a
gradation, and L, is the starting luminance.

14. The organic light emitting display device of claim 11,
wherein the digital compensation unit comprises a digital
adjustment luminance calculator configured to calculate a
digital adjustment luminance value by multiplying a lumi-
nance of a pixel to be compensated by a ratio between a
degradation rate of a pixel having a highest degradation rate
and a degradation rate of the pixel to be compensated.

15. The organic light emitting display device of claim 14,
wherein the digital compensation unit further comprises:

a digital adjustment voltage calculator configured to cal-
culate a voltage value to be applied to the pixel to be
compensated based on the digital adjustment lumi-
nance value using a relationship between luminance
and voltage corresponding to characteristics of the
panel, and to apply the voltage value calculated by the
digital adjustment voltage calculator to the pixel to be
compensated; and

an adjustment gradation calculator configured to calculate
an adjustment gradation of the pixel to be compensated
from the voltage value using a relationship between
voltage and gradation corresponding to the character-
istics of the panel.

16. The organic light emitting display device of claim 15,
wherein the adjustment gradation calculator is configured to
calculate an adjustment gradation of the pixel to be com-
pensated based on the digital adjustment luminance value
using a simplified relationship between luminance and gra-
dation, wherein the simplified relationship is based on the
relationship between voltage and luminance and the rela-
tionship between gradation and voltage.

17. The organic light emitting display device of claim 11,
wherein the analog compensation unit comprises an analog
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adjustment luminance calculator configured to calculate an
analog adjustment luminance value by multiplying a lumi-
nance of the pixel to be compensated by an inverse of a ratio
between a degradation rate of a pixel having a highest
degradation rate and a degradation rate of the pixel to be
compensated.

18. The organic light emitting display device of claim 17,
wherein the analog compensation unit comprises an analog
adjustment voltage calculator configured to calculate a
gamma tap voltage value to be applied to the pixel to be
compensated based on the analog adjustment luminance
value using a relationship between luminance and voltage
corresponding to characteristics of the panel, and to apply
the gamma tap voltage value to the pixel to be compensated.

19. The organic light emitting display device of claim 11,
wherein the degradation amount is based on a time taken for
luminance to decrease from a starting luminance to a pre-
determined ratio of the starting luminance by continuously
applying a constant voltage.
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20. An organic light emitting display (OLED) device
comptrising:
a panel; and
a degradation compensation device configured to:
estimate degradation rates with respect to a plurality of
pixels by passing cumulative degradation amount
information through a stretched exponential decay
model defined by a degradation rate function over
time, using voltage information for actual pixel
output based on the panel,
calculate a compensation voltage for each of the plu-
rality of pixels based on a luminance of a pixel
having a maximum degradation rate among the esti-
mated degradation rates,
supply the compensation voltage to the plurality of
pixels, and
calculate a gamma tap voltage supplied to the panel to
change an analog voltage of a source driver.
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