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METHOD OF DRIVING ORGANIC LIGHT
EMITTING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2016-0012874,
filed on Feb. 2, 2016, and entitled, “Method of Driving
Organic Light Emitting Display Device,” is incorporated by
reference herein in its entirety.

BACKGROUND

[0002] 1. Field

[0003] One or more embodiments described herein relate
to a method for driving an organic light emitting display
device.

[0004] 2. Description of the Related Art

[0005] A variety of displays have been developed.
Examples include liquid crystal displays and organic light
emitting displays. An organic light emitting display gener-
ates images based on light emitted from organic light
emitting diodes. The light is emitted based on a recombi-
nation of electrons and holes in an organic active layer of
each diode.

[0006] In an organic light emitting display, each pixel
charges a voltage corresponding to a data signal in at least
one capacitor. Current corresponding to the charged voltage
is then supplied from a first power source to a second power
source, via an organic light emitting diode, using a driving
transistor. The load of the display may change based on an
emission ratio of red, green, and blue pixels. This change
may degrade the luminance characteristics of the display.

SUMMARY

[0007] In accordance with one or more embodiments, a
method for driving an organic light emitting display device
includes measuring a characteristic of a panel; storing a
measured loading correction value in a first look-up table,
the measured loading correction value including loading
information of red pixels, green pixels, and blue pixels that
correspond to predetermined gray scale values based on the
characteristic of the panel; storing a first gamma value of the
red pixels corresponding to the characteristic of the panel, a
second gamma value of the green pixels corresponding to
the characteristic of the panel, and a third gamma value of
the blue pixels corresponding to the characteristic of the
panel in a second lookup table; and obtaining a calculated
loading correction value based on pre-stored equations, the
first lookup table, and the second lookup table, the calcu-
lated loading correction value including loading information
corresponding to gray scale values different from the pre-
determined gray scale values.

[0008] The measured loading correction value and the
calculated loading correction value may include difference
information between a loading value when all of the red
pixels, the green pixels, and the blue pixels emit light and a
loading value when each of the red pixels, the green pixels,
and the blue pixels emits light.

[0009] Difference information between a first current
flowing when all of the red pixels, the green pixels, and the
blue pixels emit light and second currents flowing when
each of the red pixels, the green pixels, and the blue pixels
emits light may correspond to the measured loading correc-
tion value.
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[0010] The first gamma value may be generated based on
ameasurement curve of a current change that corresponds to
a gray scale value change of the red pixels when gray scale
values of the green pixels and the blue pixels are fixed. The
second gamma value may be generated based on a measure-
ment curve of a current change that corresponds to a gray
scale value change of the green pixels when gray scale
values of the red pixels and the blue pixels are fixed. The
third gamma value may be generated based on a measure-
ment curve of a current change that corresponds to a gray
scale value change of the blue pixels when grays of the red
pixels and the green pixels are fixed.

[0011] The first lookup table may include a first measured
loading correction value when the red pixels, the green
pixels, and the blue pixels emit light of a first gray scale
value, and second measured loading correction values when
any one of the red pixels, the green pixels, or the blue pixels
emit light of a second gray scale value and remaining ones
of the pixels emit light of the first gray scale value. The first
gray scale value may be set with a highest gray value and the
second gray scale value may be set with a gray scale value
between an intermediate gray value and a lowest gray value.
When maximum gray scale value is 255, the first gray scale
value may cotrespond to 255 and the second gray scale value
may be between 20 to 50.

[0012] The calculated loading correction value may be
based on the following equations:

Call=(Ldiff,, o g—-Ldiff,,;0p)%

Reamma

(GrayR-Gray,,;,)/(GI8Y 5~ G18Y 15))

Ldiff,

minR

where Ldiff,,, . corresponds to a first measured loading
correction value of the red pixels, Ldiff ,  corresponds to
a second measured loading correction value of the red
pixels, GrayR corresponds to a gray value of data currently
input into the red pixels, Gray,,,, corresponds to the second
gray value, Gray,,, means the first gray value, and Rgamma

means the first gamma value,

Cal2~(Call-Liff, ,, ox(Call Ldif, , 2))x
((GrayG-Gray,;,(Gray, .~ Cray,,,.) B+

(AL, 3y (CalL/LdIE, )

where Ldiff, . corresponds to a second measured loading
correction value of the green pixels, GrayG corresponds to
a gray value of data currently input into the green pixels, and
Ggamma corresponds to the second gamma value.

Cal3(LAiff(C)=(Cal2-Ldiff,, x(Cal2/Call Y)x
((GrayB-GIaY ., ) (GIaY o= GIaY, ) P54

(Ldiff,,, px(Cal2/Call))

where Ldiff , , corresponds to a second measured loading
correction value of the blue pixels, GrayB corresponds to a
gray value of data currently input into the blue pixels, and
Bgamma corresponds to the third gamma value.

[0013] The method may include generating second data by
changing a bit of first data supplied from an external source
based on the calculated loading correction value. The
method may include calculating a current, in which a
loading effect is excluded, from a current supplied from the
pixels based on the calculated loading correction value.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0015] FIG. 1 illustrates an example of current values
corresponding to loading of a panel when red pixels, green
pixels, and blue pixels implement the same gray value;
[0016] FIG. 2 illustrates an example of current values
corresponding to loading of a panel when red and blue pixels
implement the same gray value and green pixels implement
a different gray value;

[0017] FIG. 3 illustrates an embodiment of current values
corresponding to loading of a panel when red pixels imple-
ment 150 gray scale values, blue pixels implement 255 gray
scale values, and green pixels have different gray scale
values;

[0018] FIG. 4 illustrates an example of current change
values when gray scale values of green and blue pixels are
fixed and gray scale values of red pixels are different;
[0019] FIG. 5 illustrates an example of current change
values when gray scale values of red and blue pixels are
fixed and gray scale values of green pixels are different;
[0020] FIG. 6 illustrates an example of current change
values when gray scale values of red and green pixels are
fixed and gray scale values of blue pixels are different;
[0021] FIG. 7 illustrates an embodiment corresponding to
an equation extracted from FIGS. 4 to 6;

[0022] FIG. 8 illustrates an example of a difference
between a measured loading correction value and a calcu-
lated loading correction value when gray scale values of red
and blue pixels are fixed and gray scale values of green
pixels are different;

[0023] FIG. 9 illustrates another example of a difference
between a measured loading correction value and a calcu-
lated loading correction value when gray scale values of red
and blue pixels are fixed and gray scale values of green
pixels are different;

[0024] FIG. 10 illustrates an embodiment t of an organic
light emitting display device;

[0025] FIG. 11 illustrates another embodiment of organic
light emitting display device; and

[0026] FIG. 12 illustrates an embodiment of a method for
driving an organic light emitting display device.

DETAILED DESCRIPTION

[0027] Example embodiments will be described with ref-
erence to the accompanying drawings; however, they may
be embodied in different forms and should not be construed
as 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 exemplary
implementations to those skilled in the art. The embodi-
ments (or portions thereof) may be combined to form
additional embodiments.

[0028] In the drawings, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred
to as being “on” another layer or substrate, it can be directly
on the other layer or substrate, or intervening layers may
also be present. Further, it will be understood that when a
layer 1s referred to as being “under” another layer, it can be
directly under, and one or more intervening layers may also
be present. In addition, it will also be understood that when
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a layer is referred to as being “between” two layers, it can
be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0029] When an element is referred to as being “con-
nected” or “coupled” to another element, it can be directly
connected or coupled to the another element or be indirectly
connected or coupled to the another element with one or
more intervening elements interposed therebetween. In addi-
tion, when an element is referred to as “including” a
component, this indicates that the element may further
include another component instead of excluding another
component unless there is different disclosure.

[0030] FIG. 1 illustrates an example of current values
corresponding to loading of a panel when red, green, and
blue pixels implement the same gray scale value. Referring
to FIG. 1, current in a self-emitting display (e.g., an organic
light emitting display device) is proportional to luminance,
and loading of the panel may be represented by current.
[0031] In FIG. 1, the term “gray” corresponds to a gray
scale value of data, Wsc corresponds to current values when
the red, green, and blue pixels emit light of corresponding
gray scale values, Rw corresponds to current values when
red pixels emit light of corresponding gray scale values, Gw
corresponds to current values when green pixels emit light
of corresponding gray scale values, Bw corresponds to
current values when blue pixels emit light of corresponding
gray scale values, Wsum corresponds to current values
obtained by adding Rw, Gw, and Bw for each corresponding
gray scale value, and Wdifl' represents a different ratio of
Wsc and Wsum.

[0032] When the red, green, and blue pixels emit light
corresponding to a 255 gray scale value, the current Wsc
flowing in the panel may be set with 101.3598 nA. When the
red pixels emit light corresponding to a 255 gray scale value,
a current Rw flowing in the panel is set with 23.6698 nA.
When the green pixels emit light corresponding to a 255
gray scale value, a current Gw flowing in the panel is set
with 31.9698 nA. When the blue pixels emit light corre-
sponding to a 255 gray scale value, a current Bw flowing in
the panel is set with 57.7698 nA.

[0033] When the pixels emit light corresponding to a 255
gray scale value, the sum Wsum of the current Rw flowing
in the red pixels, the current Gw flowing in the green pixels,
and the current Bw flowing in the blue pixels is set to
113.4094 nA.

[0034] TIdeally, the values of Wsc and Wsum correspond-
ing to a 255 gray scale value are to be identically set.
However, Wsc and Wsum may be set with different values
when a loading change occurs in the panel based on the
emission ratio of the pixels. For example, the loading of the
panel when each of the red pixels, the green pixels, and the
blue pixels emits light is differently set from the loading of
the panel when all of the red pixels, the green pixels, and the
blue pixels emit light. Thus, Wsum and Wsc are set with
different current values. When Wsc is set with 100% for the
255 gray scale value, the ratio of Wsum (e.g., Wdiff) is set
with 111.8769.

[0035] Using the aforementioned method, it is possible to
extract a value of Wdiff corresponding to each of the gray
scale values (250, 230, 210, 190, 170, . . . ). For example,
Wdiff may be set with 110.2657 corresponding to the 250
gray scale value, 109.3324 corresponding to the 230 gray
scale value, 107.5952 corresponding to the 210 gray scale
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value, 106.4875 corresponding to the 190 gray scale value,
105.9222 corresponding to the 170 gray scale value, 104.
2950 corresponding to the 150 gray scale value, 103.8740
corresponding to the 130 gray scale value, 101.6333 corre-
sponding to the 110 gray scale value, 99.8935 corresponding
to the 90 gray scale value, 97.9630 corresponding to the 70
gray scale value, 106.1503 corresponding to the 50 gray
scale value, and 65.8209 corresponding to the 30 gray scale
value.

[0036] When the panel is driven with a low gray scale
value (e.g., a gray scale value of 10 or lower), the current
value flowing in the panel decreases. When the current value
flowing in the panel is small (e.g., as described above),
current sensing accuracy of the measurement equipment
may diminish. As a result, it may be difficult to accurately
measure current values.

[0037] In FIG. 1, extracted Wdiff represents a loading
difference of the panel when all or each of the red pixels, the
green pixels, and the blue pixels emits light in for corre-
sponding gray scale values.

[0038] FIG. 2 illustrates an example of a current values
corresponding to loading of the panel when the gray scale
values of the red and blue pixels are the same and the gray
scale values of the green pixels are different.

[0039] Referring to FIG. 2, the red pixels R and the blue
pixels B emit light corresponding to a gray scale value of
255 and the green pixels G emit light corresponding to gray
scale values that gradually decrease from 255 to 10. When
the red pixels R, the green pixels G, and the blue pixels B
emit light corresponding to the gray scale value of 255,
Wsum may be set with 113.409 nA, Rw may be set with
23.6698 nA, Gw may be set with 31.9698 nA, Bw may be
set with 57.7698 nA, and Wsc may be set with 101.3698 nA.
[0040] The value of current Gw flowing when the green
pixels G emit light changes based on the gray scale value to
be expressed. For example, the current Gw flowing when the
green pixels G emit light corresponding to a gray scale value
of 250 is set with 30.5698 nA, the current Gw flowing when
the green pixels G emit light corresponding to a gray scale
value of 230 is set with 24.3198 nA, and the current Gw
flowing when the green pixels G emit light corresponding to
a gray scale value of 30 is set with 0.1698 nA.

[0041] The current Gw flowing to the green pixels G
changes with gray scale value. As a result, the current values
of Wsum and Wsc also change when the gray scale value to
be expressed in the green pixels G changes. An example of
changed gray scale values are illustrated in FIG. 2.

[0042] Inoneembodiment, a gamma value may be applied
to data signals that correspond to gray scale values for the
red pixel R, the green pixel G, and the blue pixel B. For
example, white in the panel may be implemented by adjust-
ing the emission ratio of the red pixels R, the green pixels
G, and the blue pixels B using gamma values.

[0043] Accordingly, when Rw is divided by Wsum, self
efficiency of the red pixels R and a current ratio RofW of the
red pixels corresponding to the gamma may be recognized.
Further, when Gw is divided by Wsum, self efficiency of the
green pixels G and a current ratio GofW of the green pixels
corresponding to the gamma may be recognized. Similarly,
when Bw is divided by Wsum, self efficiency of the blue
pixels B and a current ratio BofW of the blue pixels
corresponding to the gamma may be recognized.

[0044] For example, when all of the red pixels R, the green
pixels G, and the blue pixels B emit light corresponding to
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a gray scale value of 255, RofW is set with 0.2087, GofW
is set with 0.2819, and BofW is set with 0.5094. When the
red pixels R and the blue pixels B emit light corresponding
to a gray scale value of 255 and the green pixels G emit light
corresponding to a gray scale value of 250, RofW is set with
0.2113, GofW is set with 0.2729, and BofW is set with
0.5158. Examples of the values of RofW, GofW, and BofW
corresponding to changes of the gray scale values of the
green pixels G are illustrated in FIG. 2.

[0045] When RofW is multiplied by Wsc, it is possible to
obtain an ideal current Rws, except for a loading effect,
when only the red pixels R emit light. When GofW is
multiplied by Wse, it is possible to obtain an ideal current
Gws, except for a loading effect, when only the green pixels
G emit light. When BofW is multiplied by Wsc, it is possible
to obtain an ideal current Bws, except for a loading effect,
when only the blue pixels B emit light.

[0046] Forexample, when all of the red pixels R, the green
pixels G, and the blue pixels B emit light corresponding to
a gray scale value of 255, Rws is set with 21.1570 nA, Gws
is set with 28.5759 nA, and Bws is set with 51.6369 nA.
When the red pixels R and the blue pixels B emit light
corresponding to a gray scale value of 255 and the green
pixels G emit light corresponding to a gray scale value of
250, Rws is set with 21.1467 nA, Gws is set with 27.3112
nA, and Bws is set with 51.6118 nA. An example of values
corresponding to changes in gray scale values for the green
pixels G are illustrated in FIG. 2.

[0047] When Rws is set with 100%, the ratio of Rw may
be represented with Rdiff (R difference ratio). When Gws is
set with 100%, a ratio of Gw may be represented with Gdiff
(G difference ratio). When Bws is set with 100%, a ratio of
Bw may be represented with Bdiff (B difference ratio).

[0048] When all of the red pixels R, the green pixels G,
and the blue pixels B emit light corresponding to a gray scale
value of 255, Rdiff, Gdiff, and Bdiff are set with 111.88.
Further, when the red pixels R and the green pixels G emit
light corresponding to a gray scale value of 255 and the blue
pixels B emit light corresponding to a gray scale value of
250, Rdiff, Gdiff, and Bdiff are set with 111.93. When the red
pixels R and the green pixels G emit light corresponding to
a gray scale value of 255 and the blue pixels B emit light
corresponding to a gray scale value of 150, Rdiff, Gdiff, and
Bdiff are set with 107.75.

[0049] In one embodiment. Rdiff, Gdiff, and Bdiff are
equally set for remaining gray scale values, except for a gray
scale value of 10 for the green pixels G where the current
sensing accuracy of measurement equipment may be dimin-
ished. When Rdiff, Gdiff, and Bdiff are equally set for
corresponding gray scale values, Rdiff, Gdiff, and Bdiff may
be expressed with one value to be applied.

[0050] When Rdiff, Gdiff, and Bdiff are obtained for each
gray scale value, it is possible to obtain a pure current value
to flow in the pixels R, G, and B, except for the loading effect
of the panel. For example, Rdiff, Gdiff, and Bdiff for each
gray scale value of each of the red pixels R, the green pixels
G, and the blue pixels B may be stored in a lookup table, and
the gray scale value of data (e.g., received from an external
source) may be changed based on the stored lookup table.
[0051] In one embodiment, the gray scale value of data
may be changed using Rdiff, Gdiff, and Bdiff, so that a pure
current, except for the loading effect, may flow. Further, it is
possible to exclude the loading effect from current supplied
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as deviation information from external compensation, to
thereby improve the accuracy of compensation.

[0052] However, when Rdiff, Gdiff, and Bdiff for each
gray scale value each of the red pixels R, the green pixels G,
and the blue pixels B are stored in the lookup table, memory
capacity and an associated mounting area increase. Accord-
ingly, a method for obtaining Rdiff, Gdiff, and Bdiff in the
form of an equation, instead of a lookup table, may be
provided in accordance with one or more embodiments.

[0053] FIG. 3 illustrates an example of current values
corresponding to loading of the panel when the gray scale
value of red pixels correspond to 150, the gray scale value
of blue pixels correspond to 255, and the gray scale values
of the green pixel change.

[0054] Referring to FIG. 3, the red pixels R emit light
corresponding to a gray scale value of 150, and the blue
pixels B emit light corresponding to a gray scale value of
255, and the green pixels G emit light with gray scale values
that gradually decrease from 255 to 10.

[0055] When the red pixels R emit light corresponding to
a gray scale value of 150, the blue pixels B emit light
corresponding to a gray scale value of 255, and the green
pixels G emit light corresponding to a gray scale value of
255, Wsum is set with 95.8094 nA, Rw is set with 6.0698
nA, Gw is set with 31.9698 nA, Bw is set with 57.7698 nA,
and Wsc is set with 87.7698 nA. The values of the current
Gw flowing when the green pixels G emit light change for
different gray scale values. For example, the current Gw
flowing when the green pixels G emit light corresponding to
a gray scale value of 250 is set with 30.5698 nA, the current
Gw flowing when the green pixels G emit light correspond-
ing to a gray scale value of 230 is set with 24.3198 nA, and
the current Gw flowing when the green pixels G emit light
corresponding to a gray scale value of 30 is 0.1698 nA.

[0056] Because the current Gw flowing to the green pixels
G changes based on gray scale value, the current values of
Wsum and Wsc change based on the gray scale values to be
expressed by the green pixels G. An example of the changed
values are illustrated in FIG. 3.

[0057] When the red pixels R emit light corresponding to
a gray scale value of 150, the blue pixels B emit light
corresponding to a gray scale value of 255, and the green
pixels G emit light corresponding to a gray scale value of
255, RofW is set with 0.0634, GofW is set with 0.3337, and
BofW is set with 0.6030. When the red pixels R and the blue
pixels B emit light with the aforementioned gray scale
values maintained and the green pixels G emit light corre-
sponding to a gray scale value of 250, RofW is set with
0.0643, GofW is set with 0.3238, and BofW is set with
0.6119. An example of the values of RofW, GofW, and
BofW that correspond to changes in the gray scale values of
the green pixels G are illustrated in FIG. 3.

[0058] When the red pixels R emit light corresponding to
a gray scale value of 150, the blue pixels B emit light
corresponding to a gray scale value of 255, and the green
pixels G emit light corresponding to a gray scale value of
255, Rws 1s set with 5.5605 nA, Gws is set with 29.2871 nA,
and Bws is set with 52.9222 nA. When the red pixels R and
the blue pixels B emit light with the aforementioned gray
scale values maintained and the green pixels G emit light
corresponding to a gray scale value of 250, Rws 1s set with
5.5465 nA, Gws is set with 27.9342 nA, and Bws is set with
52.7891 nA. Examples of the values of Rws, Gws, and Bws
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corresponding to the changed gray scale values of the green
pixels G are illustrated in FIG. 3.

[0059] When Rws is set with 100%, the ratio of Rw may
be represented with Rdiff. Similarly, when Gws is set with
100%, the ratio of Gw may be represented with Gdiff, and
when Bws is set with 100%, the ratio of Bw may be
represented with Bdiff.

[0060] When the red pixels R emit light corresponding to
a gray scale value of 150, the blue pixels B emit light
corresponding to a gray scale value of 255, and the green
pixels G emit light corresponding to a gray scale value of
255, Rdiff, Gdiff, and Bdiff are set with 109.16. When the
red pixels R and the blue pixels B emit light with the
aforementioned gray scale values maintained and the green
pixels G emit light corresponding to a gray scale value of
250, Rdiff, Gdiff, and Bdiff are set with 109.44. When the
red pixels R and the blue pixels B emit light with the
aforementioned gray scale values maintained and the green
pixels G emit light corresponding to a gray scale value of
150, Rdiff, Gdiff, and Bdiff are set with 105.25.

[0061] Thus, compared to FIG. 2, it can be seen that even
though the gray scale values of the red pixels R change,
Rdiff, Gdiff, and Bdiff may be equally set for each gray scale
value (except for a gray scale value of 10 for the green pixels
Q).

[0062] Moreover, based on a comparison of FIGS. 2 and
3, it can be seen that the difference ratio changes for gray
scale values implemented in the red pixels R, the green
pixels G, and the blue pixels B. This means that loading
curves are different between a case where the red pixels R,
the green pixels G, and the blue pixels B are changed to the
same gray scale values and a case where the red pixels R, the
green pixels G, and the blue pixels B are changed to different
gray scale values.

[0063] For example, changes in current flowing when the
red pixels R, green pixels G, and blue pixels B are changed
from gray scale values of 200, 200, 200 to gray scale values
of 100, 100, 100 may correspond to a first loading curve. In
contrast, changes in current flowing when the red pixels R,
green pixels G, and blue pixels B are changed from the gray
scale values of 100, 200, 190 to gray scale values of 200,
150, 130 may correspond to a second loading curve different
from the first loading curve.

[0064] As a result, considering current efficiency of each
of the red pixels R, the green pixels G, and the blue pixels
B, one loading ratio current expressed as Rdiff=Gdiff=Bdiff
may be calculated. For example, a current change curve of
each of the red pixels R, the green pixels G, and the blue
pixels B may be calculated for a fixed load.

[0065] In one embodiment, Rdiff, Gdiff, and Bdiff are
equally set for a specific gray scale value. Thus, Rdiff, Gdiff,
and Bdiff may correspond to a loading correction value
Ldiff. The loading correction value Ldiff may be expressed
based on a difference value of loading between a case where
each of the red pixels R, the green pixels G, and the blue
pixels B emits light and a case where all of the red pixels R,
the green pixels G, and the blue pixels B emit light.
Accordingly, when a loading correction value Ldiff is cal-
culated for each gray scale value, it is possible to obtain a
current value that is to flow in the pixels R, G, B, excluding
differences based on loading effects.

[0066] FIG. 4 illustrating an example of current change
values when gray scale values of green pixels and blue
pixels are fixed and gray scale values of red pixels change.
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[0067] Referring to FIG. 4, when the gray scale values of
the green pixels G and the blue pixels B are set to 255 and
the gray scale value of the red pixels R change to 255, 250,
230, . . ., and 10, changes in the current values of
corresponding gray scale values may be expressed in the
form of a quadratic equation. In this case, a gamma value of
the red pixels R may be obtained based on a current change
curve of the red pixels R (for example, an exponential value
of a quadratic equation). In FIG. 4, a gamma value of 1.7 for
the red pixels R is given as an example.

[0068] The loading correction value Ldiff in FIG. 4 is
obtained based on the values of a specific panel illustrated in
FIGS. 2 and 3. Here, a calculated loading correction value
Ldiff(C) may corresponding to a value calculated based an
equation that takes the gamma value of 1.7 of the red pixels
R into consideration. The measured loading correction value
Ldiff and the calculated loading correction value Ldiff(C)
may be equally or similarly set (e.g., to within a predeter-
mined tolerance or deviation). For example, a measured
curve (e.g., a curve actually measured for the panel) and a
calculated curve to which the gamma value of 1.7 is applied
may have similar forms. An example of equation for calcu-
lating the calculated loading correction value Ldiff(C) will
be described in detail below.

[0069] In the meantime, in accordance with the present
embodiment, gamma values of the red pixels R may be
calculated at least one time before the panel is released, for
example, as illustrated in FIG. 4. The gamma values of the
red pixels R may provide an indication of a process devia-
tion.

[0070] FIG. 5 illustrates an example of current change
values when the gray scale values of red and blue pixels are
fixed and the gray scale values of green pixels change.

[0071] Referring to FIG. 5, when the gray scale values of
the red pixels R and blue pixels B are set to a gray scale
value of 255, and the gray scale values of the green pixels
G change to 255, 250, 230, . . ., and 10, the change in current
values for corresponding ones of the gray scale values may
be expressed in the form of a quadratic equation.

[0072] In this case, a gamma value of the green pixels G
may be obtained based on a current change curve of the
green pixels G (e.g., an exponential value of a quadratic
equation). In FIG. 5, the gamma value of the green pixels G
may be, for example, 1.5.

[0073] The loading correction value Ldiff in FIG. 5 may
be obtained based on measurements for a specific panel as
illustrated in FIGS. 2 and 3. A calculated loading correction
value Ldiff(C) may correspond to a value calculated, for
example, based on an equation that takes into consideration
the gamma value of 1.5 for the green pixels G. The measured
loading correction value Ldiff and the calculated loading
correction value Ldiff{C) may be equally or similarly set,
e.g., set to within a predetermined tolerance or deviation. In
one embodiment, a measured curve (e.g., a curve that is
actually measured in the panel) and a calculated curve to
which the gamma value of 1.5 is applied may have similar
forms. An example of an equation for calculating the cal-
culated loading correction value Ldiff(C) will be described
in detail below.

[0074] In the meantime, in the present embodiment a
gamma value for the green pixels G may be calculated at
least one time before the panel is released, for example, as
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illustrated in FIG. 5. It is therefore possible to obtain a
gamma value for the green pixels G that is indicative of a
process deviation.

[0075] FIG. 6 illustrates an example of current change
values when gray scale values of red pixels and green pixels
are fixed and the grays scale values of the blue pixels
change.

[0076] Referring to FIG. 6, when the gray scale values of
the red pixels R and the green pixels G are set to 255 and the
gray scale values of the blue pixels B change to 255, 250,
230, . . ., and 10, the change in current values for
corresponding ones of the grays may be expressed in the
form of a quadratic equation.

[0077] In this case, a gamma value of the blue pixels B
may be obtained using a current change curve of the blue
pixels B (e.g., an exponential value of a quadratic equation).
In FIG. 6, a gamma value of the blue pixels B may be set,
for example, to 1.

[0078] The loading correction value Ldiff in FIG. 6 is
obtained by measuring a specific panel as illustrated in
FIGS. 2 and 3. A calculated loading correction value Ldiff
(C) may correspond, for example, to a value calculated by an
equation which takes into consideration the gamma value of
1 for the blue pixels B. The measured loading correction
value Ldiff and the calculated loading correction value
Ldiff(C) may be equally or similarly set, e.g., to within a
predetermined deviation or tolerance. For example, a mea-
sured curve (e.g., a curve actually measured in the panel)
and a calculated curve to which the gamma value of 1 is
applied may have the similar forms. An example of an
equation for calculating the calculated loading correction
value Ldiff(C) will be described in detail below.

[0079] In the meantime, a gamma value of the blue pixels
B is calculated at least one time before the panel is released,
for example, as illustrated in FIG. 6. Then, it is possible to
obtain a gamma value for the blue pixels B that is indicative
of a process deviation.

[0080] In order to obtain the loading correction value
using the gamma value of each of the pixels R. G, and B
obtained by FIGS. 4 to 6, a multi-order equation of a three
or more order equation may be used. In some cases, it may
be difficult to implement a multi-order equation (e.g., a three
or more order equation) with hardware. Also, the mounting
area for such hardware may also be increased in order to
implement such an equation. In the present embodiment, the
loading correction value Ldiff is obtained using three simple
equations.

[0081] FIG. 7 illustrates information which may be used to
express an equation for obtaining a locating correction value
using a gamma value, extracted from FIGS. 4 to 6. A lookup
table of FIG. 7 may be stored in a memory of an organic light
emitting display device and the like.

[0082] Referring to FIG. 7, a loading correction value
Ldiff when the red pixels R, the green pixels G, and the blue
pixels B emit light of a first gray scale value, and a loading
correction value Ldiff when any one of the red pixels R, the
green pixels G, or the blue pixels B emits light of a second
gray scale value, and the remaining pixels (two of R, G, or
B) emit light in the first gray scale value are stored in a
memory. The lookup table that stores loading correction
values Ldiff based on gray scale values may be referred to
as a first lookup table.

[0083] The first gray scale value may be set with the
highest gray scale value implementable in the pixels R, G,



US 2017/0221408 Al

and B. The second gray may be set with any one gray scale
value between an intermediate gray scale value and the
lowest gray scale value implementable in the pixels R, G,
and B. For example, the first gray scale value may be 255
and the second gray scale value may between gray scale
values of 20 and 50 (e.g., a gray scale value of 30), taking
the current sensing accuracy of measurement equipment into
consideration.

[0084] When the second gray scale value is set with the
lowest gray value (e.g., 0), the current sensing accuracy of
measurement equipment may be degraded. Consequently,
the accuracy of the calculated loading correction value
Ldiff(C) may be degraded. Accordingly, in the present
embodiment, the second gray scale value is set between an
intermediate gray value and the lowest gray value. As a
result, it is possible to improve the accuracy of the calculated
loading correction value Ldiff(C).

[0085] The gamma values of the red pixels R, the green
pixels G, and the blue pixels B set in FIGS. 4 to 6 may also
be stored in the memory. A lookup table storing the gamma
values may be referred to as a second lookup table.

[0086] The organic light emitting display device may
calculate a calculated loading correction value Ldiff(C) for
each gray scale value using the first lookup table and the
second lookup table. For example, a processor, controller, or
logic of the organic light emitting display device may
calculate a loading correction value Ldiff for each gray scale
value of the pixels using Equations 1 to 3.

Call=(Ldiff

maxR

~Ldiff,; 2%

{(GrayR-Gray,;,)/(Gray,,..—Gray,, ,) ema

Ldiff,;.z 68}
Cal2=(Call-Ldiff,,;,ex(Call/Ldiff,, ..2))x

(Gray G-Grag,p,) (GraY =Gy, 7™

(LAiff ,, ox(Call/Ldiff,  2)) @
Cal3(Ldiff(C))=(Cal2-Ldiff,,;, zx(Cal2/Call ))x
((GrayB-Gray 5,0/ (Gray, = Gray,)  Peamma+

(Ldiff,, ;5% (Cal2/Call)) 3)

[0087] In Equation 1, Ldiff, . corresponds to a loading
correction value Ldiff when the red pixel R has the first gray
scale value, Ldiff,, . corresponds to a loading correction
value Ldiff when the red pixel R has the second gray scale
value, GrayR corresponds to a gray value of data currently
input into the red pixel R, Gray,,,,, corresponds to a second
gray scale value, GraY,,,, corresponds to a first gray scale
value, and Rgamma corresponds to a gamma value of the red
pixel R.

[0088] In Equation 2, Ldiff ,, corresponds to a loading
correction value Ldiff when the green pixel G has the second
gray scale value, GrayG corresponds to a gray scale value of
data currently input into the green pixel G, and Ggamma
corresponds to a gamma value of the green pixel G.

[0089] In Equation 3, Ldiff,, , corresponds to a loading
correction value Ldiff when the blue pixel B is in the second
gray scale value, GrayB corresponds to a gray value of data
currently input into the blue pixel B, and Bgamma corre-
sponds to a gamma value of the blue pixel B.
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[0090] FIG. 8 illustrates a difference between a measured
loading correction value and a calculated loading correction
value according to an embodiment when the gray scale
values of red and blue pixels are fixed and the gray scale
values of green pixels change.

[0091] Referring to FIG. 8, the red pixels R and blue pixels
B emit light corresponding to a gray scale value of 255 and
the gray scale values of the green pixels G gradually
decrease from 255 to 10. In this case, a loading correction
value Ldiff(C) may be calculated using Equation 1 (Call) to
Bquation 3 (Cal3).

[0092] When the gray scale values of the red pixels R, the
green pixels G, and the blue pixels B are 255, Equation 1 is
calculated as (111.877-107.575)x4255-30)/(255-30)) 1.7+
107.576, and thus is set with 111.88.

[0093] When the gray scale values of the red pixels R, the
green pixels G, and the blue pixels B are 255, Equation 2 is
calculated as (111.88-104.802)x(111.88/111.88)x((255-
30)/(255-30))"1.5+(104.802x(111.88/111.88)), and thus is
set with 111.88.

[0094] When gray scale values of the red pixels R, the
green pixels G, and the blue pixels B are 255, Equation 3 is
calculated as ((111.88-106.695)x(111.88/111.88)x((255-
30)/(255-30))"1+(106.695x(111.88/111.88)), and thus is set
with 111.88.

[0095] When the gray scale values of the red pixels R and
blue pixels B are 255 grays and the gray scale value of the
green pixels G is 250, Equation 2 is calculated as (111.88-
(104.802x111.88/111.88))x((250-30)/(255-30))"1.5+(104.
802x111.88/111.88), and thus is set with 111.64.

[0096] When the gray scale values of the red pixels R and
the blue pixels B are 255 grays and the gray scale value of
the green pixels G is 250, Equation 3 is calculated as
(111.64-106.695x(111.64/111.88))x((255-30)/255-30))"1+
(106.695%(111.64/111.88)), and thus is set with 111.64.
[0097] Thus, the calculated loading correction value Ldiff
(C) is calculated as illustrated in FIG. 8 by Equations 1 to 3.
When the calculated loading correction value Ldiff(C) cal-
culated by Equations 1 to 3 is compared with the measured
loading correction value Ldiff, there is an error within about
1%.

[0098] As described above, when the calculated loading
correction value Ldiff(C) is obtained, it is possible to remove
a loading effect of the panel using the calculated loading
correction value Ldiff{C). For example, Rws, Gws, and Bws
may be obtained from Rw, Gw, and Bw using the calculated
loading correction value Ldiff(C). Accordingly, when the
present embodiment is applied, the accuracy of compensa-
tion may be improved by removing the loading effect from
the external compensation. Further, when the present
embodiment is applied, data may be compensated so that a
desired current may flow in the pixels by removing the
loading effect of the panel.

[0099] FIG. 9 illustrates another exemplary embodiment
corresponding to a difference between a measured loading
correction value and a calculated loading correction value
when the gray scale values of red and blue pixels are fixed
and the gray scale values of green pixels change.

[0100] Referring to FIG. 9, the red pixels R emit with a
gray scale value of 255, the blue pixels B emit light with a
gray scale value of 170, and the gray scale values of the
green pixels G decrease from 255 to 10. In this case, a
calculated loading correction value Ldiff(C) is obtained by
Equations 1 to 3. When the calculated loading correction
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value Ldiff(C) calculated by Equations 1 to 3 is compared
with the actually measured loading correction value Ldiff,
there is an error within about 1%.

[0101] FIG. 10 illustrates an embodiment of an organic
light emitting display device which includes a pixel unit 130
including pixels 140 in regions divided by scan lines S1 to
Sn and data lines D1 to Dm, a scan driver 110 for driving the
scan lines S1 to Sn, a data driver for driving data lines D1
to Dm, a timing controller 150 for controlling the scan driver
110 and the data driver 120, and a memory 160.

[0102] The scan driver 110 supplies a scan signal to the
scan lines S1 to Sn based on a gate control signal GCS. For
example, the scan driver 110 may sequentially supply a scan
signal to the scan lines S1 to Sn.

[0103] The data driver 120 supplies a data signal to the
data lines D1 to Dm based on a data control signal DCS. The
data signal supplied to the data lines D1 to Dm is supplied
to the selected pixels 140 by the scan signal.

[0104] The pixel unit 130 includes the pixels 140 in the
regions divided by the scan lines S1 to Sn and the data line
D1 to Dm. The pixels 140 are selected when the scan signal
is supplied and stores the data signal from the data lines D1
to Dm. The pixels 140 storing the data signal generates light
with predetermined luminance while controlling the amount
of current flowing from a first power source ELVDD to a
second power source ELVSS, via an organic light emitting
diode, based on the data signal.

[0105] The memory 160 stores the first lookup table and
the second lookup table in FIG. 7 and Equations 1 to 3.
[0106] The timing controller 150 generates a gate control
signal GCS and a data control signal DCS based on syn-
chronization signals received from an external source. Fur-
ther, the timing controller 150 may change first data Datal
based on the information stored in the memory 160 and
generate second data Data2.

[0107] For example, the timing controller 150 calculates a
calculated loading correction value Ldiff(C) using gray scale
information (gray scale information of data to be supplied to
the red, green, and blue pixels) of the first data Datal and the
information stored in the memory 160. The timing controller
150, obtains the calculated loading correction value Ldiff
(C), changes the first data Datal so that a loading effect is
removed, and generates the second data Data2. In this case,
a desired current may flow in the pixel unit 130 regardless
of the loading effect, thereby improving display quality.
[0108] FIG. 11 illustrates another embodiment of an
organic light emitting display device which includes a
sensing unit 170. The sensing unit 170 extracts at least one
of degradation information of an organic light emitting
diode in each of the pixels 140 or threshold voltage deviation
information of a driving transistor in each of the pixels 140.
For example, the sensing unit 170 may extract at least one
of the degradation information or the deviation information
in the form of a current.

[0109] A timing controller 150" may extract pure informa-
tion, in which a loading effect is excluded, from the degra-
dation information and/or the deviation information sup-
plied from the sensing unit 170. For example, the data signal
having a gray scale value of 255 is supplied to the red pixels,
and a current flowing in the red pixel based on the gray scale
value of 255 may be supplied to the sensing unit 170 as the
deviation information.

[0110] The timing controller 150 calculates a calculated
loading correction value Ldiff{C) using the gray scale infor-
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mation of the red pixel and the information stored in the
memory 160, and thus may exclude the loading effect from
the current of the deviation information. In this case, it is
possible to improve accuracy during an external compensa-
tion, thereby improving compensation performance.

[0111] FIG. 12 illustrates an embodiment of a method for
driving an organic light emitting display device.

Measure a Characteristic of a Panel: S1200

[0112] First, a characteristic of the panel is measured
before the panel is released. For example, as illustrated in
FIGS. 2 and 3, current values (e.g., Wsum and Wsc)
corresponding to the characteristic of the panel may be
measured. Thus, a measured loading correction value Ldiff
(as illustrated in FIGS. 4 to 6) may be measured.

Set a Gamma Value: S1202

[0113] After the measured loading correction value Ldiff
is measured, a gamma value of each of the red pixels R, the
green pixels G, and the blue pixels B is set as illustrated, for
example, in FIGS. 410 6. The gamma values set in operation
S1202 are values reflecting a process error of the panel.
Thus, the gamma values may be differently set for each
panel.

Store Lookup Tables: S1204

[0114] After the gamma value of each of the red pixels R,
the green pixels G, and the blue pixels B is set, a first lookup
table and a second lookup table (e.g., as in FIG. 7) are stored
in the memory 160. Further, first to third equations are stored
in the memory 160.

Calculate a Calculated Loading Correction Value:
51206

[0115] Then, the timing controller 150 and 150' calculates
the calculated loading correction value Ldiff(C) using gray
scale values of data, for example, supplied from an external
source or gray scale values of data used in an external
compensation.

Compensate for a Loading Effect: S1208

[0116] After the calculated loading correction value Ldiff
(C) is obtained, the timing controller 150 and 150' may
generate second data Data2 by correcting first data Datal, or
may remove a loading effect from a current supplied as
deviation information during the external compensation.
Additionally, the second data Data2 generated in operation
S1208 is set so that a current, in which the loading effect is
removed, may flow in the pixels R, G, and B.

[0117] The methods, processes, and/or operations
described herein may be performed by code or instructions
to be executed by a computer, processor, controller, or other
signal processing device. The computer, processor, control-
ler, or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods
(or operations of the computer, processor, controller, or other
signal processing device) are described in detail, the code or
instructions for implementing the operations of the method
embodiments may transform the computer, processor, con-
troller, or other signal processing device into a special-
purpose processor for performing the methods herein.
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[0118] The controllers, processors, calculators, equation
generators, and other processing features of the embodi-
ments disclosed herein may be implemented in logic which,
for example, may include hardware, software, or both. When
implemented at least partially in hardware, the controllers,
processors, calculators, equation generators, and other pro-
cessing features may be, for example, any one of a variety
of integrated circuits including but not limited to an appli-
cation-specific integrated circuit, a field-programmable gate
array, a combination of logic gates, a system-on-chip, a
microprocessor, or another type of processing or control
circuit.

[0119] When implemented in at least partially in software,
the controllers, processors, calculators, equation generators,
and other processing features may include, for example, a
memory or other storage device for storing code or instruc-
tions to be executed, for example, by a computer, processor,
microprocessor, controller, or other signal processing
device. The computer, processor, microprocessor, controller,
or other signal processing device may be those described
herein or one in addition to the elements described herein.
Because the algorithms that form the basis of the methods
(or operations of the computer, processor, microprocessor,
controller, or other signal processing device) are described
in detail, the code or instructions for implementing the
operations of the method embodiments may transform the
computer, processot, controller, or other signal processing
device into a special-purpose processor for performing the
methods described herein.

[0120] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise indicated.
Accordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the spirit and scope of the present
invention as set forth in the following claims.

What is claimed is:

1. A method for driving an organic light emitting display
device, comprising:

measuring a characteristic of a panel;

storing a measured loading correction value in a first
lookup table, the measured loading correction value
including loading information of red pixels, green
pixels, and blue pixels that correspond to predeter-
mined gray scale values based on the characteristic of
the panel,

storing a first gamma value of the red pixels correspond-
ing to the characteristic of the panel, a second gamma
value of the green pixels corresponding to the charac-
teristic of the panel, and a third gamma value of the
blue pixels corresponding to the characteristic of the
panel in a second lookup table; and

obtaining a calculated loading correction value based on
pre-stored equations, the first lookup table, and the
second lookup table, the calculated loading correction
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value including loading information corresponding to
gray scale values different from the predetermined gray
scale values.

2. The method as claimed in claim 1, wherein the mea-
sured loading correction value and the calculated loading
correction value include difference information between a
loading value when all of the red pixels, the green pixels,
and the blue pixels emit light and a loading value when each
of the red pixels, the green pixels, and the blue pixels emits
light.

3. The method as claimed in claim 2, wherein difference
information between a first current flowing when all of the
red pixels, the green pixels, and the blue pixels emit light
and second currents flowing when each of the red pixels, the
green pixels, and the blue pixels emits light corresponds to
the measured loading correction value.

4. The method as claimed in claim 1, wherein the first
gamma value is generated based on a measurement curve of
a current change that corresponds to a gray scale value
change of the red pixels when gray scale values of the green
pixels and the blue pixels are fixed.

5. The method as claimed in claim 1, wherein the second
gamma value is generated based on a measurement curve of
a current change that corresponds to a gray scale value
change of the green pixels when gray scale values of the red
pixels and the blue pixels are fixed.

6. The method as claimed in claim 1, wherein the third
gamma value is generated based on a measurement curve of
a current change that corresponds to a gray scale value
change of the blue pixels when grays of the red pixels and
the green pixels are fixed.

7. The method as claimed in claim 1, wherein the first
lookup table includes:

a first measured loading correction value when the red
pixels, the green pixels, and the blue pixels emit light
of a first gray scale value, and

second measured loading correction values when any one
of the red pixels, the green pixels, or the blue pixels
emit light of a second gray scale value and remaining
ones of the pixels emit light of the first gray scale value.

8. The method as claimed in claim 7, wherein:

the first gray scale value is set with a highest gray value,
and

the second gray scale value is set with a gray scale value
between an intermediate gray value and a lowest gray
value.

9. The method as claimed in claim 8, wherein when a

maximum gray scale value is 255:

the first gray scale value corresponds to 255, and

the second gray scale value is between 20 to 50.

10. The method as claimed in claim 7, wherein the
calculated loading correction value is based on the following
equations:

Call=(Ldiff,,, pLdiff, , z)x
((GrayR—GraY 1) (GraY s =Gray i) ET ™+

Ldiff,

minR

where Ldiff . corresponds to a first measured loading
correction value of the red pixels, Ldiff,, 5 corresponds to
a second measured loading correction value of the red
pixels, GrayR corresponds to a gray value of data currently

input into the red pixels, Gray,,,,, corresponds to the second
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gray value, Gray,,,. corresponds to the first gray value, and
Rgamma corresponds to the first gamma value,

Cal2=(Call-Ldiff,, x(Call/LdifE,,, p)x
{(Gray G-Gra ;) (Gray g, Gray ) 5+
(LdifE, ,, x (Call/LdifT,, 2))

where Ldiff,, ; corresponds to a second measured loading
correction value of the green pixels, GrayG corresponds to
a gray value of data currently input into the green pixels, and

Ggamma corresponds to the second gamma value,

Cal3(LAiHf(C))=(Cal2-Ldiff, , x(Cal2/Call ))x

Bgamma_

((GrayB=Gray ;,5,) (G18Y = Gray, )
(Ldiff, ;= (Cal2/Call))

where Ldiff , . corresponds to a second measured loading
correction value of the blue pixels, GrayB corresponds to a
gray value of data currently input into the blue pixels, and
Bgamma corresponds to the third gamma value.
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11. The method as claimed in claim 1, further comprising:

generating second data by changing a bit of first data
supplied from an external source based on the calcu-
lated loading correction value.

12. The method as claimed in claim 1, further comprising:

calculating a current, in which a loading effect is
excluded, from a current supplied from the pixels based
on the calculated loading correction value.

13. A method for driving a display, comprising:

measuring a first loading correction value corresponding
predetermined gray scale values of pixels;

obtaining gamma values for the pixels;

calculating a second loading correction value correspond-
ing to gray scale values different from the predeter-
mined gray scale values; and

generating current for emitting light from the pixels based
on the second loading correction value, wherein the
second loading correction value is calculated based on
the first loading correction value and the gamma values
and wherein the current excludes a component corre-
sponding to a loading effect.

L S T T
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