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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims the priority benefit
of Korean Patent Application No. 10-2018-0108186 filed in
Republic of Korea on Sep. 11, 2018, which are hereby
incorporated by reference in its entirety for all purposes as
if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light
emitting display device.

Description of the Related Art

[0003] Recently, flat display devices having excellent
advantages of thin profile, light weight, low power con-
sumption and the like have been developed and applied to
various technical fields.

[0004] Among the flat display devices, an organic light
emitting display device displays a picture using a light
emitting diode as a self-luminescent element.

[0005] To reduce a power consumption of the organic light
emitting display device, a peak luminance control (PLC)
driving method is suggested. The PLC driving method
controls a peak luminance of a picture according to an
average picture level (or average peak luminance) (APL)
which is an average brightness of the picture. In the PLC
driving method, a bright picture, which has a high APL and
thus has a great power consumption, decreases in a peak
luminance, and thus a power consumption is reduced.
[0006] However, since the related art PLC driving method
controls a peak luminance according to an APL, a power is
consumed unnecessarily and efficiency is reduced.

BRIEF SUMMARY

[0007] Accordingly, the present disclosure is directed to
an organic light emitting display device that substantially
obviates one or more of the problems due to limitations and
disadvantages of the related art.

[0008] An advantage of the present disclosure is to pro-
vide an organic light emitting display device which can
reduce a power consumption and achieve an effective PLC
driving method.

[0009] Additional features and advantages of the disclo-
sure will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the disclosure. These and other
advantages of the disclosure will be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.
[0010] To achieve these and other advantages in accor-
dance with the present disclosure, as embodied and broadly
described herein, an organic light emitting display device
includes: a display panel includes a plurality of sub-pixels
arranged in a plurality of column lines and a power line,
wherein each of the plurality of sub-pixels is supplied with
a first power voltage and a second power voltages and
includes a light emitting diode, wherein the power line
extends along a column line direction and transfers the first
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power voltage; and a peak luminance control portion which
derives a compensation value that is adjusted according to a
maximum IR variation amount of IR variation amounts in
the column line direction for a picture input thereto, which
applies the compensation value to an average picture level of
the picture to derive a compensated average picture level,
and which controls a peak luminance of the picture accord-
ing to the compensated average picture level, wherein the IR
variation amount includes IR drop amount for the first power
voltage and an IR rise amount for the second power voltage.
[0011] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0012] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain the principles of the disclo-
sure. In the drawings:

[0013] FIG. 1 is a view schematically illustrating an
organic light emitting display device according to an
embodiment of the present invention;

[0014] FIG. 2 is a circuit diagram of an example of a
sub-pixel of an organic light emitting display device accord-
ing to an embodiment of the present invention;

[0015] FIG. 3 is a view illustrating a relation of an average
picture level and a peak luminance according to an embodi-
ment of the present invention;

[0016] FIG. 4 is a view schematically illustrating configu-
ration of a peak luminance control portion according to an
embodiment of the present invention;

[0017] FIGS. 5 and 6 are views illustrating a first picture
and a second picture, respectively, displayed in an organic
light emitting display device according to an embodiment of
the present invention;

[0018] FIG. 7 is a view illustrating examples deriving an
IR variation amount according to an embodiment of the
present invention;

[0019] FIGS. 8 to 10 are views illustrating examples of a
relation of a maximum IR variation amount and a compen-
sation value according to an embodiment of the present
invention;

[0020] FIG. 11 is a view illustrating an example of a
relation of a CAPL and a peak luminance according to an
embodiment of the present invention;

[0021] FIG. 12 is a view illustrating graphs of a driving
voltage to a luminance ratio when peak luminances are
100% and 80% in an organic light emitting display device
according to an embodiment of the present invention;
[0022] FIG. 13 is a view illustrating IR variation amounts
for standard pictures displayed generally in an organic light
emitting display device; and

[0023] FIG. 14 is a view illustrating an example of an
organic light emitting display device according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0024] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
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accompanying drawings. The same reference numbers may
be used throughout the drawings to refer to the same or like
parts.

[0025] FIG. 1 is a view schematically illustrating an
organic light emitting display device according to an
embodiment of the present disclosure, and FIG. 2 is a circuit
diagram of an example of a sub-pixel of an organic light
emitting display device according to an embodiment of the
present disclosure.

[0026] Referring to FIG. 1, the organic light emitting
display device 10 of this embodiment may include a display
panel 100, a panel driving circuit driving the display panel
100.

[0027] The panel driving circuit may include a timing
control circuit 110, a data driving circuit 120, a gate driving
circuit 130, a gamma voltage circuit 140 and a peak lumi-
nance control (PLC) circuit 200 (which may be referred to
herein as a peak luminance control portion 200). The PLC
portion 200 may include any electrical circuitry, features,
components, an assembly of electronic components or the
like configured to perform the various operations of the peak
luminance control features as described herein. In some
embodiments, the PLC portion 200 may be included in or
otherwise implemented by processing circuitry such as a
microprocessor, microcontroller, integrated circuit, chip,
microchip or the like.

[0028] In the display panel 100, a plurality of sub-pixels
SP may be arranged in a matrix form (or an array) along a
plurality of row lines and a plurality of column lines.
[0029] Sub-pixels emitting different colors, for example,
R, G and B sub-pixels SP1, SP2 and SP3 respectively
emitting red, green and blue colors may be arranged alter-
nately and repeatedly in each line along a direction, for
example, in each row line along a row direction, and the
neighboring R, G and B sub-pixels SP1, SP2 and SP3 may
form a pixel P as a unit to display a color picture.

[0030] In the display panel 100, a plurality of gate lines
GL may be arranged in respective row lines to transfer gate
signals, and a plurality of data lines DL may be arranged in
respective column lines to transfer data signals. The gate line
GL and the data line DL may be connected to a correspond-
ing sub-pixel SP.

[0031] In the display panel 100, a plurality of power lines
PWL may be formed to transfer a first power voltage VDD
as a high-potential power voltage, which may be input at a
side end, for example, a top end of the display panel 100, to
the sub-pixels SP in the display panel 100. This power line
PWL may be referred to as a first power line PWL.

[0032] The first power line PWL may extend in a stripe
form along a direction, for example, along a column direc-
tion.

[0033] Each first power line PWL may be formed per at
least one column line. For the purpose of explanations, each
first power line PWL being formed per a column line and
connected to sub-pixels SP located in the corresponding
column line is described by way of example.

[0034] Inanother example, each first power line PWL may
be configured to be formed per two or more column lines
and to be connected to sub-pixels SP located in the corre-
sponding two or more column lines.

[0035] Even though not shown in the drawings, in the
display panel 100, a second power line(s) may be formed to
transfer a second power voltage VSS as a low-potential
power voltage (e.g., a ground voltage) to the sub-pixels SP.
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The second power line may be formed to extend in a stripe
form along a row direction or column direction, or to have
a mesh form along row and column directions.

[0036] The sub-pixel SP of the display panel 100 may be
connected to the corresponding gate line GL, data line DL,
first power line PWL and second power line and be supplied
with corresponding signals.

[0037] In each sub-pixel SP, a light emitting diode as a
light emitting element and a sub-pixel driving circuit includ-
ing a plurality of transistors to drive the light emitting diode
may be formed.

[0038] An example of the sub-pixel SP may refer to FIG.
2. The sub-pixel SP may include a light emitting diode OD,
a switching transistor Ts, a driving transistor Td, and a
storage capacitor Cst. The sub-pixel SP may further include
other type of transistor(s) as needed.

[0039] A gate electrode of the switching transistor Ts may
be connected to the gate line GL, and a drain electrode of the
switching transistor Ts may be connected to the data line DL.
[0040] A gate electrode of the driving transistor Td may be
connected to a source electrode of the switching transistor
Ts, and a drain electrode of the driving transistor Td may be
connected to the first power line PWL applied with the first
power voltage VDD.

[0041] A first electrode, for example, an anode of the light
emitting diode OD may be connected to a source electrode
of the driving transistor Td, and a second electrode, for
example, a cathode of the light emitting diode OD may be
connected to the second power line applied with the second
power voltage VSS.

[0042] The storage capacitor Cst may be connected
between the gate electrode and the source electrode of the
driving transistor Td.

[0043] A picture display operation of the sub-pixel SP may
be as follows. The switching transistor Ts may be turned on
according to a gate signal as a scan signal of a turn-on level
(e.g., a high level) supplied through the gate line GL. In
synchronization with this, a data signal applied to the data
line DL may be supplied to the gate electrode of the driving
transistor Td through the switching transistor Ts.

[0044] Accordingly, the driving transistor Td may be
turned on by the data signal, and may control a driving
current (or light emission current) Id supplied to the light
emitting diode OD.

[0045] The light emitting diode OD may be supplied with
the driving current Id generated by the driving transistor Td
and may emit a light of a luminance based on the driving
current Id.

[0046] For the first power voltage VDD actually applied to
the sub-pixel SP to drive the sub-pixel SP, an IR drop may
be produced by a resistance component Rd on a high-
potential side such as the first power line PWL located on a
transfer path of the first power voltage VDD. Thus, the first
power voltage VDD may decrease by an IR drop amount and
be then applied to the sub-pixel SP.

[0047] Similarly, for the second power voltage VSS actu-
ally applied to the sub-pixel SP, an IR rise may be produced
by a resistance component Rs on a low-potential side such
as the second power line located on a transfer path of the
second power voltage VSS. Thus, the second power voltage
VSS may increase by an IR rise amount and then be applied
to the sub-pixel SP.

[0048] Accordingly, in some embodiments, a difference
(VDD-VSS) between the first power voltage VDD and the
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second power voltage VSS as a driving voltage (ELV) to
drive the sub-pixel SP of the display panel 100 is set with a
margin for the driving voltage (ELV) reflecting (or includ-
ing) at least an IR drop amount for the first power voltage
VDD and an IR rise amount for the second power voltage
VSS.

[0049] In this regard, it may be preferable that the driving
voltage (ELV) is set to be equal to or greater than a sum of
a light emitting diode voltage (Vod) applied to the light
emitting diode OD, a driving transistor voltage (Vtft)
applied to the driving transistor Td, an IR drop amount
(VDD_d) and an IR rise amount (VSS_r). In other words,
ELV=(VDD_d+Vtft+Vod+VSS_r).

[0050] When the driving voltage ELV is set as above, an
1-V property may be secured, and the driving current Id may
exists in a saturation section and thus a luminance property
may be secured.

[0051] Referring to FIG. 1, the timing control circuit 110
may be supplied with a plurality of timing signals, for
example, a vertical synchronization signal Vsync, a hori-
zontal synchronization signal Hsync, a dot clock signal
DCLK and a data enable signal DE, from an external system
such as television (TV) system or graphic card. Using the
timing signals, the timing control circuit 110 may generate
a data control signal DCS to control an operation timing of
the data driving circuit 120, and a gate control signal GCS
to control an operation timing of the gate driving circuit 130.
Further, the timing control circuit 110 may rearrange picture
data RGB from the external system suitably to the display
panel 100, and supply the picture data RGB to the data
driving circuit 120.

[0052] The data driving circuit 120 may be supplied with
a plurality of gamma voltages GMA from the gamma
voltage circuit 140, and may be supplied with the picture
data RGB from the timing control circuit 110. According to
the data control signal DCS, the data driving circuit 120 may
convert digital picture data RGB into analog data signal
using the gamma voltages GMA and supply the data signals
to the data line DL. The data driving circuit 120 may be
configured to include at least one data IC.

[0053] The gate driving circuit 130 may generate gate
signals according to the gate control signal GCS, and may
sequentially output the gate signals to the gate lines GL by
a row line. The gate driving circuit 130 may be configured
in a gate-in-panel (GIP) type to be formed directly on a
non-display region of the display panel 100.

[0054] The gamma voltage circuit 140 may generate the
plurality of gamma voltages GMA respectively correspond-
ing to a plurality of gray levels which the picture data RGB
can realize, and may supply the plurality of gamma voltages
GMA to the data driving circuit 120. For example, in a case
that the picture data RGB is a 8-bit data, 07 to 255" gamma
voltages GMA respectively corresponding to 0% to 255%
gray levels may be generated. The gamma voltage circuit
140 may be configured to be included in the data driving
circuit 120.

[0055] The gamma voltage circuit 140 may include, for
example, a string of resistors. In this case, a high-potential
gamma source voltage VREG and a low-potential gamma
source voltage (e.g., a ground voltage) may be applied to
both ends of the resistor string, and thus the plurality of
gamma voltages GMA may be output at respective nodes
between neighboring resistors of the resistor strings.
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[0056] Levels of the gamma voltages GMA may be pro-
portional to a level of the high-potential gamma source
voltage VREG, and the gamma voltages GMA may be
adjusted as the high-potential gamma source voltage VREG
may be adjusted. Accordingly, by adjusting the high-poten-
tial gamma source voltage VREG, a level of a highest
gamma voltage, which corresponds to a white gray level as
a highest gray level (e.g., 2557 gray level) that the picture
data RGB can realize, may be adjusted.

[0057] The panel driving circuit of the organic light emit-
ting display device 10 may include the PLC portion 200,
which may be configured to control a peak luminance
according to an IR variation amount, which is an IR drop
amount and an IR rise amount for power voltages in the
display panel 100 in displaying a picture, and thus to reduce
a power consumption and achieve more effective PLC
driving.

[0058] In this regard, in the related art PLC driving, an
average picture level (APL), which is an average brightness
of picture data (RGB) for a picture of, for example, one
frame, is calculated. The average picture level (APL) may be
calculated, for example, by a following formula (1).

ZMax(R, G, B)/255 Formula 1

APL (%) = S 100

[0059] As indicated by the formula (1), a sum of each
maximum gray level in each of all pixels P divided by a
highest gray level for picture data (RGB), for example, 255,
is divided by a number N of all pixels P and multiplied by
100 to calculate an APL in percentage. In other words, a
maximum gray level out of gray levels of R, G and B
sub-pixels SP1, SP2 and SP3 in each pixel P is divided by
the highest gray level for picture data (RGB), for example,
255, and all maximum gray levels divided by the highest
gray level is averaged by the number N of all pixels P to
calculate the APL in percentage.

[0060] According to the APL obtained as above, a peak
luminance applied for the picture data RGB, e.g., a peak
luminance for a white gray level as a highest gray level may
be set.

[0061] This may refer to, for example, a peak luminance
control graph (or curve) of FIG. 3. When an APL is equal to
or less than a threshold value APL_th, for example, 25%, a
peak luminance PL may be set as a maximum peak lumi-
nance PL max, 100% (e.g., 400 nit; 400 cd/m?) permissible
to be output by the display panel 100. The threshold value
APIL_th may be adjusted by a performance or the like of the
display device. For example, the threshold value APL_th
may be set as 50% or less.

[0062] When an APL is greater than the threshold value
APL _th, a peak luminance PL may be set to be reduced in
inverse proportion to an APL. For example, as shown in
FIG. 3, a peak luminance PL and an APL may be set by a
function of a first order linear relation which has a slope of
-1, and in this case, a peak luminance PL may become a
minimum peak luminance PL_min, for example, 25% (e.g.,
100 nit) when an APL is 100%. Alternatively, a peak
luminance PL, may be set to be reduced according to a
fanction of a non-linear relation.

[0063] As described above, in the related art, a peak
luminance PL is set according to an APL.
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[0064] In this embodiment, a peak luminance PL may be
set to reflect not only an APL but also IR drop amount and
IR rise amount. Accordingly, a power consumption may be
further reduced.

[0065] This is explained further with reference to FIG. 4
which is a view schematically illustrating configuration of
the peak luminance control portion 200 of this embodiment.

[0066] The peak luminance control portion 200 may
include an APL calculation circuit 210 (which may be
referred to herein as a APL calculation portion 210), a
compensation value calculation circuit 220 (which may be
referred to herein as a compensation value calculation
portion 220), an APL compensation circuit 230 (which may
be referred to herein as an APL compensation portion 230),
a peak luminance calculation circuit 240 (which may be
referred to herein as a peak luminance calculation portion
240), and a gamma source voltage generation circuit 250
(which may be referred to herein as a gamma source voltage
generation portion 250). The APL calculation circuit 210, a
compensation value calculation circuit 220, an APL com-
pensation circuit 230, a peak luminance calculation circuit
240, and a gamma source voltage generation circuit 250 may
include any electrical circuitry, features, components, an
assembly of electronic components or the like configured to
perform the various operations of the APL calculation circuit
210, a compensation value calculation circuit 220, an APL
compensation circuit 230, a peak luminance calculation
circuit 240, and a gamma source voltage generation circuit
250 as described herein. In some embodiments, one or more
of APL calculation circuit 210, compensation value calcu-
lation circuit 220, APL compensation circuit 230, peak
luminance calculation circuit 240, and gamma source volt-
age generation circuit 250 may be included in or otherwise
implemented by processing circuitry such as a microproces-
sor, microcontroller, integrated circuit, chip, microchip or
the like. The peak luminance control portion 200 may be
configured in various manners. For example, at least portion
of the components in the peak luminance control portion 200
may be located in the timing control circuit 110 or the data
driving circuit 120.

[0067] The APL calculation portion 210 may calculate an
APL as an average brightness of a picture using the above
formula (1).

[0068] In other words, according to the formula,
ZMaX(R, G, B)/255
APL(%) = = 100,

an APL may be obtained.

[0069] The compensation value calculation portion 220
may calculate a compensation value (or gain) for an APL.
[0070] The compensation value calculation portion 220
may include an IR variation amount derivation portion 221
and a compensation value derivation portion 225.

[0071] The IR variation amount derivation portion 221
may derive an IR variation amount (e.g., an IR drop amount
and an IR rise amount) in a column direction, which is an
extension direction of the first power line PWL to transfer
the first power voltage VDD, as a direction along which the
IR variation amount is produced in displaying a picture.

[0072] This refers to FIGS. 5 and 6.
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[0073] FIG. 5is a view illustrating a first picture displayed
in the organic light emitting display device according to the
embodiment of the present disclosure, and FIG. 6 is a view
illustrating a second picture displayed in the organic light
emitting display device according to the embodiment of the
present disclosure.

[0074] The first picture of FIG. 5 has a type that a white
pattern WP1, e.g., a first white pattern WP1 extends along a
horizontal direction, e.g., a row direction and other region
displays black. The second picture of FIG. 6 has a type that
a white pattern WP2, e.g., a second white pattern WP2
extends along a vertical direction, e.g.. a column direction
and other region displays black. The first picture and the
second picture have the same APL.

[0075] The first white pattern WP1 of the first picture has
a relative less number of sub-pixels SP which are located in
each column line to display the first white pattern WP1 while
the second white pattern WP2 of the second picture has a
relative greater number of sub-pixels SP which are located
in each column line to display the second white pattern WP2.
[0076] Accordingly, a total driving current Itotall which is
a sum of driving currents Id to display the first white pattern
WP1 is less than a total driving current Itotal2 which is a
sum of driving currents Id to display the second white
pattern WP2. Further, resistance components Rd and Rs of
lines which the driving currents Id pass through to display
the first white pattern WP1 are less than resistance compo-
nents Rd and Rs of lines which the driving currents Id pass
through to display the second white pattern WP2.

[0077] Accordingly, the second picture having the second
white pattern WP2 has an IR drop amount for the first power
voltage VDD and an IR rise amount for the second power
voltage VSS greater than those of the first picture having the
first white pattern WP1, and thus the second picture having
the second white pattern WP2 has a power consumption
greater than that of the first picture having the first white
pattern WP1.

[0078] As such, pictures having the same APL may differ
in power consumption because of the difference in IR
variation amount among pictures. Accordingly, the problem
of some pictures having a great power consumption due to
the increase of IR variation amount which increases the
margin for a driving voltage can be addressed by reducing
a peak luminance by a selected level for the pictures
showing great power consumption. By reducing the peak
luminance by a selected level, unnecessary power consump-
tion in the pictures may be reduced.

[0079] Thus, in this embodiment, an IR variation amount
in a column line direction, along which a driving voltage Id
is transferred, may be derived for a picture to be displayed,
and based on this, an APL may be compensated and a peak
luminance PL may be adjusted.

[0080] To do this, the IR variation amount derivation
portion 221 may derive an IR variation amount for a column
line direction of the display panel 100.

[0081] For example, with a column line formed as a
derivation unit, the IR variation amount derivation portion
221 may derive an IR variation amount for each column line.
This is applied to a structure that each first power line PWL
is formed in each column line.

[0082] Alternatively, in some embodiments, with two or
more neighboring (or consecutive) column lines forming a
derivation unit, the IR variation amount derivation portion
221 may derive an IR variation amount for each derivation
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unit. In other words, two or more neighboring (or consecu-
tive) column lines may be formed as a column line block,
and an IR variation amount may be calculated for each
column line block. In this case, by dividing the calculated IR
variation amount by a number of column lines included in
the column line block, an IR variation amount for each
column line in the column line block may be derived.
Regarding the column line block, in a case that at least two
neighboring column lines are connected to one first power
line PWL, such the neighboring column lines connected to
the one first power line PWL may be formed as a column
line block.

[0083] Alternatively, in a case that the data driving circuit
120 is configured with a plurality of driving ICs, column
lines driven by each driving IC may be formed as a column
line block, and an IR variation amount for such the column
line block may be derived.

[0084] The above cases may refer to FIG. 7, which is a
view illustrating examples deriving an IR variation amount
according to the embodiment of the present disclosure.
[0085] InFIG. 7, a first graph IRv1 is a graph showing IR
variations at positions of a column line in a case that an IR
variation amount for each column is derived individually. A
second graph Irv2 is a graph showing IR variations at
positions of a column line in a case that column lines
connected to each first power line are formed as a column
line block. A third graph Irv3 is a graph showing IR
variations at positions of a column line in a case that column
lines corresponding to each driving IC are formed as a
column line block.

[0086] The compensation value derivation portion 225
may receive IR variation amounts in a column line direction
derived by the IR variation amount derivation portion 221,
and may detect a maximum IR variation amount out of the
received IR variation amounts. The compensation value
derivation portion 225 may derive a compensation value a
based on the maximum IR variation amount.

[0087] In this regard, referring to FIGS. 5 and 6, in a case
of a picture of FIG. 5, a column line(s) at which the first
white pattern WP1 is located may have a maximum IR
variation amount, and based on such the column line(s), a
corresponding compensation value a may be derived. In a
case of a picture of FIG. 6, a column line(s) at which the
second white pattern WP2 is located may have a maximum
IR variation amount, and based on such the column line(s),
a corresponding compensation value a may be derived.
[0088] A compensation value a may be configured such
that a compensated average picture level (CAPL) has an
increasing trend according to an IR variation amount. To do
this, for example, a compensation value a may be set to have
a decreasing trend according to an IR variation amount.
[0089] For example, referring to FIG. 8, a compensation
value a may be set to decrease in a first order linear form
according to a magnitude of a maximum IR variation
amount IRv_m.

[0090] In this case, a range of the compensation value a
may be set by a following formula (2).

b=asl.

[0091] As indicated by the formula (2), the compensation
value a may be set such that an upper limit for a lowest value
of the maximum IR variation amount IRv_m s 1 and a lower
limit for a highest value of the maximum IR variation
amount IRv_m is b which is less than 1.

Formula (2):
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[0092] The lower limit, b may be adjusted and set by a
manufacturer in a range to secure a minimum display quality
according to a characteristic, a use and the like of the display
panel 100. For example, the lower limit, b may be equal to
or greater than about 0.5 and less than about 1, and prefer-
ably, may be equal to or greater than about 0.8 and less than
about 1. In this embodiment, the lower limit, b is about 0.8
by way of example.
[0093] The compensation value a may substantially cor-
respond to a gain for a peak luminance PL of a correspond-
ing picture. A case of the compensation value a being 1 may
mean that a peak luminance PL is not adjusted but is
maintained. A case of the compensation value a being less
than 1 may mean that a peak luminance PL is reduced. In
other words, as a maximum IR variation amount IRv_m may
increase, a peak luminance PL. may decrease.
[0094] By reducing a peak luminance PL, when a maxi-
mum IR variation amount IRv_m is great, an IR variation
amount, e.g., a margin for a driving voltage for a corre-
sponding picture may be reduced and thus unnecessary
power consumption may be reduced. Accordingly, a power
consumption for a picture which consumes a great power
may be reduced.
[0095] A relation between a compensation value a and a
maximum IR variation amount IRv_m may be made differ-
ent from the relation shown in FIG. 8. For example, the
relation may be made as shown in FIG. 9 or 10.
[0096] FIG. 9 shows a case that a compensation value a
has a decreasing trend according to a maximum IR variation
amount IRv_m, wherein the compensation value a is main-
tained at 1 up to a predetermined magnitude of a maximum
IR variation amount IRv_m and then decreases along a
parabola of a upwardly convex shape. This setting of the
compensation value a may be applied effectively to a case of
displaying a more dynamic picture or a case of a display
panel having a relatively high performance (or efficiency).
[0097] FIG. 10 shows a case that a compensation value a
has a decreasing trend according to a maximum IR variation
amount [Rv_m, wherein the compensation value a decreases
along a parabola of a downwardly convex shape up to a
predetermined magnitude of a maximum IR variation
amount IRv_m and then is saturated to a lower limit, b. This
setting of the compensation value a may be applied effec-
tively to a case of displaying a more static picture or a case
of a display panel having a relatively low performance (or
efficiency).
[0098] A compensation value a derived as above may be
input along with an APL to the APL compensation portion
230.
[0099] The APL compensation portion 230 may conduct a
compensation by applying the compensation value a to the
APL thus calculate a compensated APL (CAPL).
[0100] In this regard, for example, a CAPL may be set by
a following formula (3).

CAPL~{(APL=APL_th)/o(when 0sAPL<APL_th);

APL/a(when APL_th<APL)}(when

CAPL>100%,CAPL=100%). Formula (3):

[0101] As indicated by the formula (3), when an APL is
equal to or less than an APL_th, the APL becomes the
APL _th and is divided by a to calculate a CAPL.

[0102] When an APL is over an APL_th, the APL is
divided by a to calculate a CAPL.

[0103] In the formula (3), when a CAPL is over 100%, the
CAPL becomes 100%.
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[0104] The APL compensation portion 230 may compen-
sate an APL using a compensation value a to calculate a
CAPL.

[0105] A CAPL may be input to the peak luminance
calculation portion 240, and the peak luminance calculation
portion 240 may calculate a peak luminance PL according to
an CAPL. For example, based on the peak luminance control
graph of FIG. 3, a peak luminance PL according to a CAPL
may be calculated.

[0106] This may refer to FIG. 11, which is a view illus-
trating an example of a relation of a CAPL and a peak
luminance PL.

[0107] The peak luminance control graph of FIG. 11 may
be based on the peak Iuminance control graph of FIG. 3. In
FIG. 11, an example is shown that as a CAPL increases, a
peak luminance PL decreases in a first order linear relation
with a slope of -1.

[0108] Referring to FIG. 11, as in the formula (3), a CAPL
may have a minimum value which is a threshold value
APL_th, 25% of an APL, and at this minimum value of a
CAPL, a maximum peak luminance PL, max may be set.
Between the minimum value, 25% and a maximum value,
100% of a CAPL, a graph of FIG. 11 may be equal to a graph
of FIG. 3.

[0109] Accordingly, for pictures having the same APL, a
peak luminance PL may decrease as an IR variation amount
may increase. Thus, power consumption may be effectively
reduced.

[0110] This may further refer to FIGS. 5 and 6. The second
picture having the second white pattern WP2 has a maxi-
mum IR variation amount IRv_m greater than that of the first
picture having the first white pattern WP1.

[0111] Inthis regard, a compensation value a of the second
picture having a greater maximum IR variation amount
IRv_m may be set to be, for example, 0.8, and a compen-
sation value a of the first picture having a less maximum IR
variation amount IRv_m may be set to be, for example, 0.9
greater than 0.8 of the compensation value a of the second
picture.

[0112] Inthis case, when the first and second pictures have
the same APL of 25%, a CAPL of the first picture may be
adjusted to a point C1 of FIG. 11, 25%/0.9, and a CAPL of
the second picture may be adjusted to a point C2 of FIG. 11,
25%7/0.8.

[0113] Accordingly, a peak luminance of the first picture
may be set to be 90%, and a peak luminance of the second
picture may be set to be 80%.

[0114] As such, a peak luminance PL. may decrease as an
IR variation amount may increase, and thus a driving current
to display a picture may decrease. This may result in a
reduction of an IR variation amount, e.g., a reduction of a
margin for a driving voltage, and thus a power consumption
may be reduced.

[0115] As described above, in this embodiment, for an
input picture, an APL of the picture may be compensated
according to an IR variation amount of the picture, and a
peak luminance PL of the picture may be controlled based
on a CAPL.

[0116] Accordingly, for a picture in which an IR variation
amount is great and thus a power consumption is great, a
CAPL may become high thus a peak luminance may be
reduced and thus a power consumption may be reduced.
[0117] The gamma source voltage generation portion 250
may receive a peak luminance PL output from the peak
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luminance calculation portion 240, and may generate and
output a high-potential gamma source voltage VREG cor-
responding to the peak luminance PL using the peak lumi-
nance PL.

[0118] Accordingly, a gamma voltage, of a highest gray
level, corresponding to the peak luminance PL. may be
generated.

[0119] FIG. 12 is a view illustrating graphs of a driving
voltage to a luminance ratio when peak luminances are
100% and 80% in an organic light emitting display device
according to the embodiment of the present disclosure.
[0120] In FIG. 12, a luminance ratio shown in a y-axis
indicates a ratio of a luminance, which is expressed at a
driving voltage ELV, to a peak luminance in each graph.
[0121] First and second graphs GR_100 and GR_80 of
FIG. 12 respectively indicate relations of a driving voltage
to a luminance ratio when peak luminances are set as 100%
and 80% for a picture, similar to a picture of FIG. 6, in which
a white pattern extending entirely along a column line is
displayed thus a maximum IR variation amount has the
greatest value permissible in the display panel and which has
a peak luminance of 25%.

[0122] The first graph GR_100 is a graph relating to a PLC
driving based on an APL as in the related art, and a driving
voltage ELV required for this is about 15(V). When a second
power voltage is a ground voltage, a first power voltage of
about 15(V) is required.

[0123] The second graph GR_80 is a graph relating to a
PLC driving based on a CAPL as in this embodiment, and
in this case, a driving voltage ELV required for saturation of
a driving current is less than 15(V), for example, about
12.3(V). When a second power voltage is a ground voltage,
a first power voltage of about 12.8(V) is required.

[0124] As such, in the PLC driving based on a CAPL
according to this embodiment, a required driving voltage
ELV may be reduced by about 2.2(V) (e.g., about 15%),
compared with a required driving voltage in the PLC driving
based on an APL according to the related art. Since the
driving voltage ELV to drive the organic light emitting
display device is reduced, a power consumption can be
reduced accordingly.

[0125] FIG. 13 is a view illustrating IR variation amounts
(or margins for a driving voltage) for standard pictures
displayed generally in an organic light emitting display
device. In FIG. 13, magnitudes of IR variation amounts are
compared with respect to an IR variation amount of a full
white picture having a peak luminance of 100%.

[0126] Referring to FIG. 13, IR variation amounts IRv_S
of standard pictures which are mostly displayed in an
organic light emitting display device have peak luminances
of quite low levels compared with an IR variation amount
IRv_100 of a picture having a peak luminance of 100%, and
also have peak luminances of low levels compared with an
IR variation amount IRv_80 of a picture of a peak luminance
which is adjusted to be reduced from 100% to a lower level,
for example, 80% according to a PLC of this embodiment.
In other embodiments, the selected level for reducing the
peak luminance may vary and is not limited to the above
example level.

[0127] Thus, even when a driving voltage is reduced, a
luminance property in displaying a picture can be substan-
tially maintained and a display quality can be secured. Thus,
a power consumption can be reduced, and an eflicient PLC
driving can be realized.
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[0128] In one embodiment, the PLC driving according to
the present disclosure may be applied to an organic light
emitting display device including a light emitting diode that
is configured with a single stacked structure using a soluble
process and that is a top emission type diode in which a
second electrode as an upper electrode of the light emitting
diode has a transparent property. In other embodiments, the
PLC driving according to the present disclosure may be
applied to other light emitting device having various differ-
ent configurations. For example, the PLC driving method
can be applied to light emitting diodes having multi-stack
structure. Further, it may be used in other emission types
including bottom emission type diodes.

[0129] However, for explanation purposes, the PLC driv-
ing method will be explained in connection with an organic
light emitting display device including a light emitting diode
that is configured with a single stacked structure using a
soluble process and that is a top emission type diode in
which a second electrode as an upper electrode of the light
emitting diode has a transparent property. This organic light
emitting display device is explained with reference to FIG.
14. For the purpose of explanations, a light emitting diode is
mainly shown in FIG. 14.

[0130] Referring to FIG. 14, light emitting diodes OD
emitting, for example, red, green and blue lights may be
formed in respective sub-pixels SP on a substrate 300 of a
display panel 100.

[0131] Even though not shown in the drawings, a driving
transistor (Td of FIG. 2) electrically connected to the light
emitting diode OD may be formed between the light emit-
ting diode OD and the substrate 300.

[0132] The light emitting diode OD may include a first
electrode 301, an organic light emitting layer 303 located on
the first electrode and emitting a corresponding color light of
its sub-pixel SP, and a second electrode 305 on the organic
light emitting layer 303.

[0133] The first electrode 301 may be connected to a
source electrode of the driving transistor. A bank 307 may be
formed on edges of the first electrode 301 along a boundary
of the sub-pixel SP.

[0134] The organic light emitting layer 303 may be
formed in an opening between the bank 307 and an adjacent
bank 307 through a soluble process.

[0135] The first electrode 301 may serve as, for example,
an anode, and the second electrode 305 may serve as, for
example, a cathode.

[0136] To realize a top emission type, the first electrode
301 as a lower electrode may have a reflective property, and
the second electrode 305 as an upper electrode may have a
transparent property.

[0137] In the above configured organic light emitting
display device, since the organic light emitting layer 303 is
formed in a single stacked structure to display a color light
of its sub-pixel SP, a light emitting diode voltage is low, and
since the second electrode 305 is formed as a transparent
electrode that has high resistance, the IR rise amount
increases accordingly.

[0138] Thus, due to an IR variation, an unnecessary power
consumption increases. Accordingly, by applying the PL.C
driving of this embodiment, a power consumption can be
effectively reduced.
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[0139] The PLC driving of this embodiment may be
applied to all types of organic light emitting display devices
including the above configured organic light emitting dis-
play device.

[0140] In the above embodiment, a PLC driving is con-
ducted in which for a picture to be displayed, an APL is
compensated based on an IR variation amount, and a peak
luminance is controlled based on a compensated APL.
[0141] Accordingly, a luminance property in a PLC driv-
ing can be maintained, and thus a display quality of the same
level can be secured. A peak luminance can be adjusted
adaptively according to an IR variation amount, thus a
required driving voltage can be reduced, and thus an unnec-
essary power consumption can be reduced. Therefore, by
reducing a power consumption, an eflicient PLC driving can
be realized.

[0142] Further embodiments of the present disclosure are
provided below.

[0143] One embodiment of the present disclosure provides
a device including: a plurality of sub-pixels in a display
panel, wherein each of the plurality of sub-pixels is supplied
with a first power voltage and a second power voltage; and
a peak luminance control circuit.

[0144] Each of the plurality of sub-pixels include: a light
emitting element having a first terminal and a second
terminal; a first resistor, the first resistor connected to the
first terminal of the light emitting element; a second resistor,
the second resistor connected to the second terminal of the
light emitting element; a first power source connected to the
light emitting element via the first resistor, the first power
source supplying the first power voltage to the light emitting
element; a second power source connected to the light
emitting element via the second resistor, the second power
source supplying the second power voltage to the light
emitting element; and a power line connecting the first
power source to the light emitting element, the power line
arranged along a column direction of the display panel,
wherein the power line includes the first resistor and trans-
fers the first power voltage to the light emitting element via
the first resistor.

[0145] In one embodiment, the peak luminance control
circuit is configured to: derive a compensation value that is
adjusted according to a maximum IR variation amount of IR
variation amounts in the column direction for a picture input
thereto, wherein the IR variation amount includes an IR drop
amount of the first power voltage across the first resistor and
an IR rise amount of the second power voltage across the
second resistor; apply the compensation value to an average
picture level of the picture to derive a compensated average
picture level; and control a peak luminance of the picture
according to the compensated average picture level.

[0146] In one embodiment, the second power source is a
low-potential power voltage.

[0147] In one embodiment, the peak luminance control
circuit includes: an average picture level calculation portion
which calculates the average picture level of the picture; an
IR variation amount derivation portion which derives IR
variation amounts of the plurality of column direction for the
picture; a compensation value derivation portion which
derives the compensation value that is adjusted according to
the maximum IR variation amount of the IR variation
amounts of the plurality of column direction; an average
picture level compensation portion which applies the com-
pensation value to the average picture level to derive the
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compensated average picture level; and a peak luminance
calculation portion which calculates the peak luminance of
the picture according to the compensated average picture
level.
[0148] In one embodiment, the peak luminance control
circuit includes a gamma source voltage generation portion
which generates a high-potential gamma source voltage
corresponding to the peak luminance.
[0149] The device further includes: a gamma voltage
circuit which generates a plurality of gamma voltages cor-
responding to the high-potential gamma source voltage
using the high-potential gamma source voltage.
[0150] In one embodiment, the compensation value is set
such that the compensated average picture level has an
increasing trend as the maximum IR variation amount
increases.
[0151] In one embodiment, the compensation value is set
such that the compensation value have a decreasing trend as
the maximum IR variation amount increases.
[0152] In one embodiment, an upper limit of the compen-
sation value is 1, and a lower limit of the compensation value
is equal to or greater than 0.5 and less than 1.
[0153] In one embodiment, the compensated average pic-
ture level is derived using a following formula: CAPL={
(APL=APL _th)o. (when O<APL<APL_th); APL/a. (when
APL_th<APL)}(when CAPL>100%, CAPL=100%), where
CAPL is the compensated average picture level, APL is the
average picture level, APL_th is a threshold value of the
average picture level, and a is the compensation value.
[0154] In one embodiment, the peak luminance control
portion derives the IR variation amount for each column
direction to calculate the maximum IR variation amount, or
derives the IR variation amount for each column unit formed
with two or more neighboring columns to calculate the
maximum IR variation amount.
[0155] In one embodiment, the peak luminance of the
picture decreases as the compensated average picture level
increases.
[0156] In one embodiment, the light emitting element
includes: a first electrode having a reflective property; an
organic light emitting layer being on the first electrode; and
a second electrode being on the organic light emitting layer
and having a transparent property.
[0157] Tt will be apparent to those skilled in the art that
various modifications and variation can be made in the
present disclosure without departing from the spirit or scope
of the disclosure. Thus, it is intended that the present
disclosure cover the modifications and variations of this
disclosure provided they come within the scope of the
appended claims and their equivalents.
[0158] The various embodiments described above can be
combined to provide further embodiments. Further changes
can be made to the embodiments in light of the above-
detailed description. In general, in the following claims, the
terms used should not be construed to limit the claims to the
specific embodiments disclosed in the specification and the
claims, but should be construed to include all possible
embodiments along with the full scope of equivalents to
which such claims are entitled. Accordingly, the claims are
not limited by the disclosure.

1. An organic light emitting display device, comprising:

a display panel includes a plurality of sub-pixels arranged

in a plurality of column lines and a power line, wherein
each of the plurality of sub-pixels is supplied with a
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first power voltage and a second power voltage and
includes a light emitting diode, wherein the power line
extends along a column line direction and transfers the
first power voltage; and

a peak luminance control circuit which derives a com-
pensation value that is adjusted according to a maxi-
mum IR variation amount of IR variation amounts in
the column line direction for a picture input thereto,
which applies the compensation value to an average
picture level of the picture to derive a compensated
average picture level, and which controls a peak lumi-
nance of the picture according to the compensated
average picture level,

wherein the IR variation amount includes an IR reduction
amount for the first power voltage and an IR rise
amount for the second power voltage.

2. The display device of claim 1, wherein the peak

luminance control circuit includes:

an average picture level calculation portion which calcu-
lates the average picture level of the picture;

an IR variation amount derivation portion which derives
IR variation amounts of the plurality of column lines
for the picture;

a compensation value derivation portion which derives
the compensation value that is adjusted according to the
maximum IR variation amount of the IR variation
amounts of the plurality of column lines;

an average picture level compensation portion which
applies the compensation value to the average picture
level to derive the compensated average picture level,
and

a peak luminance calculation portion which calculates the
peak luminance of the picture according to the com-
pensated average picture level.

3. The display device of claim 1. wherein the peak
luminance control circuit includes a gamma source voltage
generation portion which generates a high-potential gamma
source voltage corresponding to the peak luminance;

the display device further comprising: a gamma voltage
circuit which generates a plurality of gamma voltages
corresponding to the high-potential gamma source volt-
age using the high-potential gamma source voltage.

4. The display device of claim 1, wherein the compensa-
tion value is set such that the compensated average picture
level has an increasing trend as the maximum IR variation
amount increases.

5. The display device of claim 1, wherein the compensa-
tion value is set such that the compensation value have a
decreasing trend as the maximum IR variation amount
increases,

wherein an upper limit of the compensation valueis 1, and
a lower limit of the compensation value is equal to or
greater than 0.5 and less than 1.

6. The display device of claim 5, wherein the compen-
sated average picture level is derived using a following
formula: CAPL={(APL=APL_th)/c. (when 0<APL=<APL_
th); APL/a (when APL_th<APL)}(when CAPIL>100%,
CAPL=100%),

where CAPL is the compensated average picture level,
APL is the average picture level, APL_th is a threshold
value of the average picture level, and a is the com-
pensation value.

7. The display device of claim 1, wherein the peak

luminance control circuit derives the IR variation amount for
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each column line to calculate the maximum IR variation
amount, or derives the IR variation amount for each column
unit formed with two or more neighboring column lines to
calculate the maximum IR variation amount.

8. The display device of claim 1, wherein the peak
luminance of the picture decreases as the compensated
average picture level increases.

9. The display device of claim 1, wherein the light
emitting diode includes:

a first electrode which is on a substrate and has a reflective

property;

an organic light emitting layer which is on the first
electrode and emits at least one of a red, green or blue
light output from its sub-pixel; and

a second electrode which is on the organic light emitting
layer and has a transparent propetty.

10. The display device of claim 9, wherein the organic
light emitting layer is configured to be formed using a
soluble process.

11. A device, comprising:

a plurality of sub-pixels in a display panel, wherein each
of the plurality of sub-pixels is supplied with a first
power voltage and a second power voltage, each of the
plurality of sub-pixels include:

a light emitting element having a first terminal and a
second terminal;

a first resistor, the first resistor connected to the first
terminal of the light emitting element;

a second resistor, the second resistor connected to the
second terminal of the light emitting element;

a first power source connected to the light emitting
element via the first resistor, the first power source
supplying the first power voltage to the light emitting
element;

a second power source connected to the light emitting
element via the second resistor, the second power
source supplying the second power voltage to the
light emitting element; and

a power line connecting the first power source to the
light emitting element, the power line arranged along
a column direction of the display panel, wherein the
power line includes the first resistor and transfers the
first power voltage to the light emitting element via
the first resistor; and

a peak luminance control circuit connected to the plurality
of sub-pixels, the peak luminance control circuit con-
figured to:
derive a compensation value that is adjusted according

to a maximum IR variation amount of IR variation
amounts in the column direction for a picture input
thereto, wherein the IR variation amount includes an
IR drop amount of the first power voltage across the
first resistor and an IR rise amount of the second
power voltage across the second resistor;

apply the compensation value to an average picture
level of the picture to derive a compensated average
picture level; and

control a peak luminance of the picture according to the
compensated average picture level.

12. The device of claim 11, wherein the second power
source is a low-potential power voltage.
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13. The device of claim 11, wherein the peak luminance
control circuit includes:

an average picture level calculation portion which calcu-
lates the average picture level of the picture;

an IR variation amount derivation portion which derives
IR variation amounts of the plurality of column direc-
tion for the picture;

a compensation value derivation portion which derives
the compensation value that is adjusted according to the
maximum IR variation amount of the IR variation
amounts of the plurality of column direction;

an average picture level compensation portion which
applies the compensation value to the average picture
level to derive the compensated average picture level;
and

a peak luminance calculation portion which calculates the
peak luminance of the picture according to the com-
pensated average picture level.

14. The device of claim 11, wherein the peak luminance
control circuit includes a gamma source voltage generation
portion which generates a high-potential gamma source
voltage corresponding to the peak luminance;

the device further comprising: a gamma voltage circuit
which generates a plurality of gamma voltages corre-
sponding to the high-potential gamma source voltage
using the high-potential gamma source voltage.

15. The device of claim 11, wherein the compensation
value is set such that the compensated average picture level
has an increasing trend as the maximum IR variation amount
increases.

16. The device of claim 11, wherein the compensation
value is set such that the compensation value have a decreas-
ing trend as the maximum IR variation amount increases,

wherein an upper limit of the compensation value is 1, and
a lower limit of the compensation value is equal to or
greater than 0.5 and less than 1.

17. The device of claim 16, wherein the compensated
average picture level is derived using a following formula:
CAPL={(APL=APL _th)/c. (when 0<sAPL<APL_th); APL/a
(when APL_th<APL)}(when CAPL>100%, CAPL=100%),

wherein CAPL is the compensated average picture level,
APL is the average picture level, APL_th is a threshold
value of the average picture level, and a is the com-
pensation value.

18. The device of claim 11, wherein the peak luminance
control portion derives the IR variation amount for each
column direction to calculate the maximum IR variation
amount, or derives the IR variation amount for each column
unit formed with two or more neighboring columns to
calculate the maximum IR variation amount.

19. The device of claim 11, wherein the peak luminance
of the picture decreases as the compensated average picture
level increases.

20. The device of claim 11, wherein the light emitting
element includes:

a first electrode having a reflective property;

an organic light emitting layer being on the first electrode;
and

a second electrode being on the organic light emitting
layer and having a transparent property.
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