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ORGANIC LIGHT EMITTING DISPLAY
DEVICE, DATA DRIVER, AND METHOD
FOR DRIVING DATA DRIVER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Republic of
Korea Patent Application No. 10-2016-0180711, filed on
Dec. 28, 2016, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND

1. Field

[0002] The present embodiments relate to an organic light
emitting display device, a data driver included in the organic
light emitting display device, and a method for driving the
data driver.

2. Description of the Prior Art

[0003] With the development of an information-oriented
society, various demands for display devices for displaying
images have increased, and various types of display devices,
such as liquid crystal display devices, plasma display
devices, and organic light emitting display devices have
been used.

[0004] Among such display devices, the organic light
emitting display device uses a self-luminous Organic Light
Emitting Diode (OLED) and thereby has a fast response
speed and is advantageous in contrast ratio, light emitting
efficiency, luminance, viewing angle, and the like.

[0005] The organic light emitting display device includes
an organic light emitting display panel in which a plurality
of gate lines, a plurality of data lines, and a plurality of
subpixels are arranged, a gate driver that drives the plurality
of gate lines, a data driver that drives the plurality of data
lines, a controller that controls driving of the gate driver and
the data driver, and the like.

[0006] The organic light emitting display device applies
data voltage to each of the subpixels in accordance with
timing of a scan signal output by the gate driver to express
gray scales according to the data voltage, so as to display an
image.

[0007] The data driver that outputs the data voltage adjusts
output luminance by controlling an analog gamma voltage
according to luminance that is input as a digital value.
[0008] In case of calculating analog gamma voltage by
using the input digital value, a boundary value in a low
luminance level region is required for calculation of an
output value with respect to a low luminance level.

[0009] A boundary value in such a low luminance level
region should be configured to be larger than O nit, and is
thus unable to express 0 nit. Moreover, it is difficult to adjust
luminance in a low luminance level region having a value
lower than the boundary value in the low luminance level
region.

SUMMARY

[0010] An aspect of the present embodiments is to provide
an organic light emitting display device which can precisely
adjust luminance in a low luminance level region in a case
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of calculating analog gamma voltage by using a digital
value, and a method for driving the organic light emitting
display device.

[0011] An aspect of the present embodiments is to provide
an organic light emitting display device which can minimize
flicker generated in case of applying pulse width modulation
dimming for output luminance adjustment and can minutely
adjust output luminance, and a method for driving the
organic light emitting display device.

[0012] An aspect of the present embodiments provides an
organic light emitting display device including an organic
light emitting display panel including a plurality of gate
lines, a plurality of data lines, and a plurality of subpixels
arranged therein, a gate driver that outputs a scan signal to
the plurality of gate lines, a data driver that outputs data
voltage to the plurality of data lines, and a controller that
controls driving of the gate driver and the data driver.

[0013] The data driver of the organic light emitting display
device may receive a pulse width modulation value, change
the pulse width modulation value into a pulse width modu-
lation dimming value indicating a luminance level higher
than that indicated by the pulse width modulation value
according to a pulse width modulation dimming enable
signal, and output data voltage on the basis of the pulse
width modulation value or the pulse width modulation
dimming value.

[0014] The data driver may include a pulse width modu-
lation control unit that receives a pulse width modulation
value, a selection band signal, and a pulse width modulation
dimming enable signal and generates a pulse width modu-
lation dimming value by using the pulse width modulation
value and the selection band signal according to the pulse
width modulation dimming enable signal. The data driver
may also include a luminance control unit that outputs the
pulse width modulation value or the pulse width modulation
dimming value according to the pulse width modulation
dimming enable signal. The data driver may also include a
gamma voltage control unit that outputs gamma voltage on
the basis of a luminance level indicated by a value that is
output by the luminance control unit.

[0015] The pulse width modulation control unit of the data
driver may output an identical value to the pulse width
modulation value as the pulse width modulation dimming
value when the pulse width modulation dimming enable
signal has a value of “0”, and may output a pulse width
modulation dimming value including the selection band
signal as an upper bit when the pulse width modulation
dimming enable signal has a value of “1”.

[0016] The selection band signal may indicate one of a
plurality of bands including luminance level regions dis-
criminable from each other, and one band including a
luminance level region overlapping at least a part of the
luminance level regions included in the plurality of bands.

[0017] When a pulse width modulation dimming value
indicating a luminance level higher than that indicated by
the pulse width modulation value is output, the gate driver
of the organic light emitting display device may output a
plurality of scan signals which turn off a subpixel within one
image frame interval.

[0018] At this time, the gate driver may output the scan
signals such that at least one gap among gaps between the
scan signals output within the one image frame interval is
different from the other gaps.
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[0019] The controller of the organic light emitting display
device may output, within a blank interval of the one image
frame interval, an internal data enable signal output within
an interval in which an input data enable signal is output.

[0020] Another aspect of the present embodiments pro-
vides an organic light emitting display device including an
organic light emitting display panel including a plurality of
gate lines, a plurality of data lines, and a plurality of
subpixels arranged therein; a gate driver that outputs a scan
signal to the plurality of gate lines. The organic light
emitting display device may also include a data driver that
outputs data voltage to the plurality of data lines, wherein
the data driver outputs a first analog gamma voltage belong-
ing to a first gamma voltage region, in accordance with a first
digital luminance value belonging to a first luminance level
region, and outputs a second analog gamma voltage belong-
ing to a first gamma voltage region, in accordance with a
second digital luminance value belonging to a second lumi-
nance level region different from the first luminance level
region.

[0021] Another aspect of the present embodiments pro-
vides a data driver including a pulse width modulation
control unit that receives a pulse width modulation value, a
selection band signal, and a pulse width modulation dim-
ming enable signal, changes the pulse width modulation
value into a pulse width modulation dimming value indi-
cating a luminance level higher than that indicated by the
pulse width modulation value according to the pulse width
modulation dimming enable signal, and outputs the pulse
width modulation value and the pulse width modulation
dimming value. The data driver may also include a lumi-
nance control unit that outputs the pulse width modulation
value or the pulse width modulation dimming value accord-
ing to the pulse width modulation dimming enable signal.
The data driver may also include a gamma voltage control
unit that outputs gamma voltage on the basis of a luminance
level indicated by a value output by the luminance control
unit.

[0022] The data driver may be operated in a process
including the steps of receiving a pulse width modulation
value, generating a pulse width modulation dimming value
indicating a luminance level higher than that indicated by
the pulse width modulation value, on the basis of a pulse
width modulation dimming enable signal and a selection
band signal, and outputting data voltage on the basis of the
pulse width modulation value or the pulse width modulation
dimming value according to the pulse width modulation
dimming enable signal.

[0023] According to the present embodiments, output
luminance in a low luminance level region is adjusted by
using a digital value indicating a high luminance level
region and pulse width modulation dimming operation, so
that it is possible to minutely adjust luminance in the low
luminance level region.

[0024] In addition, a low luminance level region is
expressed by using a band including a high luminance level
region, so that it is possible to reduce the number of bands
required for calculation of output luminance.

[0025] In addition, during a pulse width modulation dim-
ming operation, two or more times of high speed dimming
in one image frame is employed to minimize the influence
of flicker caused by the pulse width modulation dimming
operation.
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[0026] Embodiments also relate to a display device includ-
ing a display panel. a data driver, and a gate driver. The
display panel includes a plurality of gate lines, a plurality of
data lines, and a plurality of pixels arranged at intersections
of the plurality of gate lines and the plurality of data lines.
The data driver drives the plurality of data lines and is
configured to receive image data for a first frame and a first
pulse width modulation (PWM) value. The first PWM value
indicates a first mapping between a set of grayscale values
and a first set of luminance values. The data driver is
configured to convert the first PWM value to a PWM
dimming value greater than the first PWM value responsive
to a determination to modify the first PWM value. The PWM
dimming value indicates a second mapping between the set
of grayscale values and a second set of luminance values.
The data driver is configured to identify, for a pixel of the
display device having a grayscale value for the first frame
corresponding to a first luminance value in the first mapping,
a second luminance value from the second mapping corre-
sponding to the grayscale value of the pixel. The second
luminance value is higher than the first luminance value. The
data driver is configured to apply, during an image display
interval of the first frame, a gamma voltage corresponding to
the second luminance value to a data line electrically con-
nected to the pixel. The gate driver drives the plurality of
gate lines, and is configured to adjust a duty cycle of the
pixel during the image display interval of the first frame such
that a luminance level of the pixel is lower than the second
luminance value.

[0027] Embodiments also relate to a method for driving a
display device. Image data for a first frame and a first pulse
width modulation (PWM) value is received from a control-
ler. The first PWM value indicates a first mapping between
a set of grayscale values and a first set of luminance values.
Responsive to a determination to modify the first PWM
value, the first PWM value is converted to a PWM dimming
value greater than the first PWM value. The PWM dimming
value indicates a second mapping between the set of gray-
scale values and a second set of luminance values. A second
luminance value from the second mapping is identified for
a pixel of the display device. The pixel has a grayscale value
for the first frame corresponding to a first luminance value
in the first mapping. The second luminance value is higher
than the first luminance value. A gamma voltage correspond-
ing to the second luminance value is applied during an image
display interval of the first frame. A duty cycle of the pixel
is adjusted during the image display interval of the first
frame such that a luminance level of the pixel is lower than
the second luminance value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other objects, features and advan-
tages of the present disclosure will be more apparent from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

[0029] FIG. 1 is a view illustrating an organic light emit-
ting display device according to an embodiment of the
present disclosure.

[0030] FIG. 2 is a view illustrating a data driver in an
organic light emitting display device according to an
embodiment of the present disclosure.



US 2018/0182298 Al

[0031] FIG. 3 is a view specifically illustrating a configu-
ration of a data driver in an organic light emitting display
device according to an embodiment of the present disclo-
sure.

[0032] FIG. 4 is a view illustrating an example of a pulse
width modulation dimming value output by a data driver in
an organic light emitting display device according to an
embodiment of the present disclosure.

[0033] FIG. 5 is a view illustrating an example of a digital
value which is output to control luminance by a data driver
in an organic light emitting display device according to an
embodiment of the present disclosure.

[0034] FIGS. 6 to 8 are views illustrating methods for
expressing, by a data driver, a low luminance level region by
using a pulse width modulation dimming operation and a
digital value of a high luminance level region in an organic
light emitting display device according to embodiments of
the present disclosure.

[0035] FIG. 9 is a view illustrating an example of timing
of a signal output for a pulse width modulation dimming
operation in an organic light emitting display device accord-
ing to an embodiment of the present disclosure.

[0036] FIG. 10 is a view illustrating a process of a method
for driving a data driver according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0037] Hereinafter, some embodiments of the present dis-
closure will be described in detail with reference to the
accompanying illustrative drawings. In designating ele-
ments of the drawings by reference numerals, the same
elements will be designated by the same reference numerals
although they are shown in different drawings. Further, in
the following description of the present disclosure, a
detailed description of known functions and configurations
incorporated herein will be omitted when it may make the
subject matter of the present disclosure rather unclear.
[0038] 1In addition, terms, such as first, second, A, B, (a),
(b) or the like may be used herein when describing compo-
nents of the present disclosure. These terms are merely used
to distinguish one component from other components, and
the property, order, sequence, number and the like of the
corresponding component are not limited by the correspond-
ing term. In the case that it is described that a certain
structural element “is connected to”, “is coupled to”, or “is
in contact with” another structural element, it should be
interpreted that another structural element may “be inter-
posed between” respective certain structural elements or the
respective certain structural elements may “be connected”,
“be coupled”, or “be in contact” through another structural
element as well as that the certain structural element is
directly connected to or is in direct contact with another
structural element.

[0039] FIG. 1 briefly illustrates a configuration of an
organic light emitting display device 100 according to an
embodiment of the present disclosure.

[0040] Referring to FIG. 1, an organic light emitting
display device 100 according to an embodiment of the
present disclosure includes an organic light emitting display
panel 110 including a plurality of gate lines GL, a plurality
of data lines DL, and a plurality of subpixels arranged
therein, a gate driver 120 that drives the plurality of gate
lines GL, a data driver 130 that drives the plurality of data
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lines DL, a controller 140 that controls the gate driver 120
and the data driver 130, and the like.

[0041] The gate driver 120 sequentially supplies scan
signals to the plurality of gate lines GL, to sequentially drive
the plurality of gate lines GL.

[0042] The gate driver 120 sequentially supplies scan
signals of ON voltage or OFF voltage to the plurality of gate
line GL according to control of the controller 140, to
sequentially drive the plurality of gate lines GL.

[0043] According to driving methods, the gate driver 120
may be disposed at only one side of the organic light
emitting display panel 110, or may be disposed at both sides
thereof.

[0044] In addition, the gate driver 120 may include one or
more gate driver intergrated circuits.

[0045] Each of the gate driver integrated circuits may be
connected to a bonding pad of the organic light emitting
display panel 110 by a Tape Automated Bonding (TAB)
method or a Chip On Glass (COG) method, or may be
implemented by a Gate In Panel (GIP) type to be directly
disposed on the organic light emitting display panel 110.
[0046] In addition, each of the gate driver integrated
circuits may be integrated and be disposed on the organic
light emitting display panel 110, or may be implemented by
a Chip On Film (COF) method in which each of the gate
driver integrated circuits is mounted on a film connected to
the organic light emitting display panel 110.

[0047] The data driver 130 drives the plurality of data
lines DL by supplying data voltage to the plurality of data
lines DL.

[0048] The data driver 130 converts image data received
from the controller 140 into an analog type of data voltage
when a predetermined gate line GL is turned on, and
supplies the data voltage to the plurality of data lines DL to
drive the plurality of data lines DL.

[0049] The data driver 130 may include at least one source
driver integrated circuit to drive the plurality of data lines
DL.

[0050] Each source driver integrated circuit may be con-
nected to a bonding pad of the organic light emitting display
panel 110 by a Tape Automated Bonding (TAB) method or
a Chip On Glass (COG) method, may be directly disposed
on the organic light emitting display panel 110, or may be
integrated and be disposed on the organic light emitting
display panel 110.

[0051] In addition, each source driver integrated circuit
may be implemented by a Chip On Film (COF) method. In
this case, each source driver integrated circuit has one end
bonded to at least one source printed circuit board, and the
other end bonded to the organic light emitting display panel
110.

[0052] The controller 140 supplies various control signals
to the gate driver 120 and the data driver 130 to control the
gate driver 120 and the data driver 130.

[0053] The controller 140 starts a scan according to timing
implemented in each frame, converts input image data
received from the outside according to a data signal format
used in the data driver 130, outputs the converted image
data, and controls data driving according to proper timing
based on the scan.

[0054] The controller 140 receives various timing signals
including a vertical synchronization signal (Vsync), a hori-
zontal synchronization signal (Hsync), an input Data Enable
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(DE) signal, a clock signal (CLK), and the like as well as the
input image data from the outside (for example, a host
system).

[0055] The controller 140 not only converts input image
data received from the outside according to a data signal
format used in the data driver 130 and outputs the converted
image data, but also receives timing signals including a
vertical synchromzation signal (Vsync), a horizontal syn-
chronization signal (Hsync), an input Data Enable (DE)
signal, a clock signal (CLK), and the like to generate various
control signals and output the control signals to the gate
driver 120 and the data driver 130, in order to control the
gate driver 120 and the data driver 130.

[0056] For example, in order to control the gate driver
120, the controller 140 outputs various Gate Control Signals
(GCSs) including a Gate Start Pulse (GSP), a Gate Shift
Clock (GSC), a Gate Output Enable (GOE) signal, and the
like.

[0057] The Gate Start Pulse (GSP) controls operation start
timings of one or more gate driver integrated circuits
included in the gate driver 120. The Gate Shift Clock (GSC)
corresponds to a clock signal commonly input to one or
more gate driver integrated circuits, and controls shift timing
of a scan signal (gate pulse). The Gate Ouput Enable (GOE)
signal designates timing information of one or more gate
driver integrated circuits.

[0058] Further, in order to control the data driver 130, the
controller 140 outputs various Data Control Signals (DCSs)
including a Source Start Pulse (SSP), a Source Sampling
Clock (SSC), a Source Output Enable (SOE) signal, and the
like.

[0059] The Source Start Pulse (SSP) controls data sam-
pling start timings of one or more source driver integrated
circuits included in the data driver 130. The Source Sam-
pling Clock (SSC) corresponds to a clock signal that con-
trols data sampling timing in each of the source driver
integrated circuits. The Source Output Enable (SOE) signal
controls output timing of the data driver 130.

[0060] The controller 140 may be disposed on a control
printed circuit board (not illustrated) connected through a
connecting medium, such as a Flexible Flat Cable (FFC) and
a Flexible Printed Circuit (FPC), to a source printed circuit
board to which a source driver integrated circuit is bonded.
[0061] The control printed circuit board may further
include a power controller (not illustrated) disposed therein,
which supplies various voltages or currents to the organic
light emitting display panel 110, the gate driver 120, the data
driver 130, and the like, or controls various voltages or
currents to be supplied. The power controller is referred to
as a power management Integrated Circuit (Power Manage-
ment 1C).

[0062] Inthe organic light emitting display device 100, the
data driver 130 receives a digital value to adjust luminance
of an image displayed through the organic light emitting
display panel 110, and calculates the received digital value
to output an analog gamma voltage.

[0063] In order to calculate a digital value, a boundary
value of each luminance level region is required, and thus
causes a difficulty of luminance adjustment in a low lumi-
nance level region having a value lower than a boundary
value of a low luminance level region.

[0064] The organic light emitting display device 100
according to the present embodiments controls output lumi-
nance in a low luminance level region by using a pulse width
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modulation dimming operation method and a digital value
with respect to a high luminance level region, thereby
improving expression capability in a low luminance level
region and minutely adjusting luminance.

[0065] FIG. 2 illustrates a configuration of a data driver
130 in an organic light emitting display device 100 accord-
ing to an embodiment of the present disclosure.

[0066] Referring to FIG. 2, a data driver 130 of an organic
light emitting display device 100 according to an embodi-
ment includes a pulse width modulation control unit 131 that
receives a pulse width modulation value from the outside, a
selection band signal, and a pulse width modulation dim-
ming enable signal, and outputs a pulse width modulation
dimming value on the basis of the received signal.

[0067] The pulse width modulation control unit 131
receives a pulse width modulation value corresponding to a
digital value indicating an output luminance level from the
outside, wherein the pulse width modulation value may be
configured by 10 bits, for example. The pulse width modu-
lation value may be represented by a first number (e.g., 10)
of bits.

[0068] The pulse width modulation value is configured by
10 bits and indicates one luminance level of the entire
luminance level regions. The pulse width modulation value
may indicate a first mapping between a set of grayscale
values (e.g., 0-255) and a first set of luminance values.
[0069] When receiving a pulse width modulation value
indicating a low luminance level region, the pulse width
modulation control unit 131 receives a selection band signal
and a pulse width modulation dimming enable signal which
are required for changing the received pulse width modu-
lation value.

[0070] The selection band signal is a signal indicating a
luminance level region to be used during outputting in a low
luminance level region, and when a luminance level region
1s discriminable into four bands, a selection band signal may
be configured by two bits and may indicate one band among
the four bands. In other words, the selection band signal may
indicate a range of pulse width modulation values. The
selection band signal may be represented by a second
number (e.g., 2) of bits. The second number of bits of the
selection band signal may be smaller than the first number
of bits of the pulse width modulation value.

[0071] The four bands may include three bands discrim-
inable from each other within the remaining luminance level
region except for the low luminance level region, and one
band having a luminance level region overlapping at least a
part of the discriminable three bands.

[0072] That is, in order to adjust output luminance within
a low luminance level region, a band for the remaining
luminance level region except for the low luminance level
region is basically used. Further, being supplemented with
this band, a separate exclusive band for controlling output
luminance within the low luminance level region may be
additionally used.

[0073] The pulse width modulation dimming enable signal
is a signal for indicating whether pulse width modulation
dimming is applied when a gamma voltage having a lumi-
nance level indicated by the pulse width modulation value is
output, and may be configured by 1 bit, for example.
[0074] For example, the pulse width modulation control
unit 131 does not change the pulse width modulation value
when a pulse width modulation dimming enable signal has
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a value of “0”, and outputs the received pulse width modu-
lation value as a pulse width modulation dimming value,
without change.

[0075] For example, when a pulse width modulation value
is a digital value indicating a luminance level region except
for a low luminance level region, output luminance is
controlled according to the received pulse width modulation
value without applying pulse width modulation dimming.
[0076] Meanwhile, the pulse width modulation control
unit 131 changes two bits among upper bits of the pulse
width modulation value into a value of a selection band
signal when a pulse width modulation dimming enable
signal has a value of “1”, to generate a pulse width modu-
lation dimming value.

[0077] That is, when a pulse width modulation value
indicates a low luminance level region, the pulse width
modulation control unit 131 includes a selection band signal
as an upper bit of the pulse width modulation value, thereby
changing the pulse width modulation value indicating the
low luminance level region into a pulse width modulation
dimming value indicating a luminance level region except
for the low luminance level region. In other words, the pulse
width modulation value may be converted to the pulse width
modulation dimming value by replacing the second number
of the most-significant bits of the pulse width modulation
value with the second number of bits of the selection band
signal.

[0078] Therefore, when receiving a pulse width modula-
tion value indicating a low luminance level region, the pulse
width modulation control unit 131 changes the pulse width
modulation value into a pulse width modulation dimming
value indicating a high luminance level region, and allows
alow luminance level region to be expressed by using output
luminance of a high luminance level region through a pulse
width modulation dimming operation. The pulse width
modulation dimming value may indicate a second mapping
between the set of grayscale values and a second set of
luminance values that are different from the first mapping.
[0079] 1In other words, a data driver 130 of an organic light
emitting display device 100 according to the present
embodiments outputs a first analog gamma voltage belong-
ing to a first gamma voltage region, in accordance with a first
digital luminance value belonging to a first luminance level
region, and outputs a second analog gamma voltage belong-
ing to the first gamma voltage region, in accordance with a
second digital luminance value belonging to a second lumi-
nance level region different from the first luminance level
region.

[0080] Further, a second pulse width modulation duty
cycle different from a first pulse width modulation duty
cycle applied to the first analog gamma voltage is applied to
the second analog gamma voltage, so that luminance cor-
responding to the second digital luminance value may be
expressed by using the second analog gamma voltage
belonging to the first gamma voltage region. The on time of
pixels during the second pulse width modulation duty cycle
may be smaller than the on time of pixels during the first
pulse width modulation duty cycle. In other words, when a
pixel of the display device has a first luminance value from
the first mapping, and a second luminance value from the
second mapping that corresponds to a grayscale value of the
pixel in image data for a first frame, the second luminance
value may be higher than the first luminance value. The data
driver 130 applies a gamma voltage to the pixel correspond-
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ing to the second luminance value. The duty cycle of the
pixel during an image display interval of the first frame is
adjusted such that the output luminance level of the pixel is
lower than the second luminance value. The duty cycle may
be adjusted by repeatedly turning on and off the pixel such
that an on time of the pixel is reduced. The duty cycle may
be adjusted based on the selection band signal. For example,
the duty cycle may be lower for a selection band signal
corresponding to a range of higher pulse width modulation
values than for a selection band signal corresponding to a
range of lower pulse width modulation values.

[0081] This configuration allows output luminance to be
minutely adjusted within a low luminance level region and
can improve expression capability in a low luminance level
region.

[0082] FIG. 3 illustrates a configuration of a data driver
130 according to an embodiment of the present disclosure,
which has been described in reference with FIG. 2.

[0083] Referring to FIG. 3, a data driver 130 according to
the present embodiments may include a pulse width modu-
lation control unit 131, a luminance control unit 132, and a
gamma voltage control unit 133. Further, the pulse width
modulation control unit 131 may include a pulse width
modulation dimming calculation unit 131a.

[0084] The pulse width modulation control unit 131 of the
data driver 130 receives a pulse width modulation value
according to an input of a pulse width modulation received
from the outside by a pulse width modulation reception umt
141 of the controller 140.

[0085] Further, the pulse width modulation control unit
131 receives a selection band signal and a pulse width
modulation dimming enable signal from a parameter storage
unit 142 of the controller 140.

[0086] The pulse width modulation dimming calculation
unit 131a of the pulse width modulation control unit 131
generates a pulse width modulation dimming value by using
the pulse width modulation value and the selection band
signal according to the received pulse width modulation
dimming enable signal.

[0087] For example, the pulse width modulation dimming
calculation unit 131¢ may not change the pulse width
modulation value when the pulse width modulation dim-
ming enable signal has a value of “0”, and may output the
pulse width modulation value as a pulse width modulation
dimming value, without change.

[0088] Further, the pulse width modulation dimming cal-
culation unit 131a may change an upper bit of the pulse
width modulation value into a selection band signal when
the pulse width modulation dimming enable signal has a
value of “17, to generate a pulse width modulation dimming
value.

[0089] Since the pulse width modulation dimming calcu-
lation unit 131a changes an upper bit indicating a band of a
luminance level region in a pulse width modulation value
into a selection band signal, a pulse width modulation value
may be changed into a pulse width modulation dimming
value indicating a luminance level region different from that
indicated by the pulse width modulation value.

[0090] For example, when a pulse width modulation value
is a digital value indicating a low luminance level region and
a selection band signal is a value indicating a band of a high
luminance level region, the pulse width modulation dim-
ming calculation unit 131a changes an upper bit of the pulse
width modulation value into a selection band signal, so as to
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change the pulse width modulation value into a pulse width
modulation dimming value indicating a high luminance
level region.

[0091] The selection band signal may be a signal indicat-
ing one band among bands of a luminance level region
except for the low luminance level region, and may be a
signal indicating a separate exclusive band configured for a
pulse width modulation dimming operation of the low
luminance level region.

[0092] The separate exclusive band may indicate a lumi-
nance level region discriminable from a luminance level
region except for the low luminance level region, and may
be configured to include a luminance level region overlap-
ping at least a part of the remaining luminance level region.
[0093] The pulse width modulation dimming calculation
unit 1314 outputs a pulse width modulation dimming value
changed according to a pulse width modulation dimming
enable signal.

[0094] The luminance control unit 132 receives the pulse
width modulation value and the pulse width modulation
dimming value from the pulse width modulation dimming
control unit 131, and outputs a signal indicating a luminance
level according to the received pulse width modulation value
or pulse width modulation dimming value.

[0095] The luminance control unit 132 outputs luminance
corresponding to the pulse width modulation value and pulse
width modulation luminance corresponding to the pulse
width modulation dimming value. Further, the luminance
control unit 132 determines a luminance level to be output
according to the pulse width modulation dimming enable
signal received from the parameter storage unit 142 of the
controller 140.

[0096] For example, the luminance control unit 132 out-
puts a luminance level corresponding to the pulse width
modulation value when the pulse width modulation dim-
ming enable signal has a value of “0”, and outputs a
luminance level corresponding to the pulse width modula-
tion dimming value when the pulse width modulation dim-
ming enable signal has a value of “1”.

[0097] The gamma voltage control unit 133 outputs a
gamma voltage according to a luminance level that is output
by the luminance control unit 132.

[0098] Therefore, the data driver 130 according to the
present embodiments changes a pulse width modulation
value into a pulse width modulation dimming value and
applies a pulse width modulation dimming operation, and
thereby allows a low luminance level region to be expressed
by using a digital value indicating a high luminance level
region.

[0099] This configuration allows output luminance to be
minutely adjusted in a low luminance level region, and thus
can improve expression capability in a low luminance level
region.

[0100] FIG. 4 illustrates an example in which a pulse
width modulation control unit 131 changes a pulse width
modulation value into a pulse width modulation dimming
value according to a pulse width modulation dimming
enable signal and a selection band signal, in a data driver 130
according to the present embodiments.

[0101] Referring to FIG. 4, the pulse width modulation
control unit 131 of the data driver 130 does not change the
pulse width modulation value when the pulse width modu-
lation dimming enable signal is not input or is input as a
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value of “0”, and outputs the pulse width modulation value
as the pulse width modulation dimming value, without
change.

[0102] For example, when receiving a pulse width modu-
lation value of a high luminance level region, the pulse
width modulation control unit 131 outputs the received pulse
width modulation value as it is, so as to control luminance
of a gamma voltage that is output at luminance correspond-
ing to the high luminance level region.

[0103] When receiving a value of “1” as a pulse width
modulation dimming enable signal, the pulse width modu-
lation control unit 131 changes the pulse width modulation
value into a pulse width modulation dimming value by using
a selection band signal.

[0104] As illustrated in FIG. 4, when a pulse width modu-
lation dimming enable signal has a value of “17, the two
upper bits of a pulse width modulation signal are used as a
selection band signal, so as to output a pulse width modu-
lation dimming value.

[0105] For example, when a selection band signal has a
value of “117, the two upper bits of the pulse width modu-
lation signal are changed into “11”, so as to output the
changed pulse width modulation signal.

[0106] The selection band signal may indicate four bands,
and “117, “10”, and “01” may sequentially indicate bands of
a high luminance level region. Further, the selection band
signal “00” may indicate an exclusive band separately
configured for a pulse width modulation dimming operation
of a low luminance level region.

[0107] Therefore, the pulse width modulation control unit
131 changes a pulse width modulation value of a low
luminance level region into a pulse width modulation dim-
ming value indicating a high luminance level region, accord-
ing to a selection band signal, and then outputs the pulse
width modulation dimming value.

[0108] And then, the pulse width modulation control unit
131 outputs a gamma voltage according to luminance cor-
responding to the output pulse width modulation dimming
value, and allows a low luminance level region to be
expressed through a pulse width modulation dimming opera-
tion.

[0109] FIG. 5 illustrates an example of a digital value that
is output to control luminance by a luminance control umt
132, in a data driver 130 according to the present embodi-
ments.

[0110] Referring to FIG. 5, when a digital value indicating
luminance corresponding to a pulse width modulation value
is output, the two upper bits of the digital value have a value
of “00”.

[0111] Further, a digital value indicating luminance cor-
responding to a pulse width modulation dimming value
which has been changed by using a selection band signal is
output in a state where the two upper bits of the digital value
have been changed into a value of “11”.

[0112] The value of “11” may correspond to a selection
band signal which indicates the highest luminance level
region, and the two upper bits of a digital value indicating
luminance corresponding to a pulse width modulation dim-
ming value according to a selection band signal may be
“107, “01”, and the like.

[0113] The luminance control unit 132 of the data driver
130 outputs a luminance level corresponding to a pulse
width modulation value or a luminance level corresponding
to a pulse width modulation dimming value, according to a
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pulse width modulation dimming enable signal, so that the
gamma voltage control unit 133 may output a gamma
voltage on the basis of the luminance level.

[0114] FIGS. 6 to 8 illustrates a method in which a data
driver 130 according to the present embodiments applies a
digital value indicating a high luminance level region and a
pulse width modulation dimming operation to adjust output
luminance of a low luminance level region.

[0115] Referring to FIG. 6, a data driver 130 selects one
band among bands including a high luminance level region
in order to express luminance of a low luminance level
region.

[0116] The selected band may be one of a plurality of
bands including a luminance level region except for the low
luminance level region, and may be a separate exclusive
band configured for a pulse width modulation dimming
operation of the low luminance level region.

[0117] The data driver 130 calculates an analog gamma
voltage by using a digital value indicating a luminance level
included in the selected band, and allows a low luminance
level region to be expressed through a pulse width modu-
lation dimming operation by using a digital value of a high
luminance level region.

[0118] That is, in order to express a low luminance level
region, the data driver 130 uses a digital value of a high
luminance level region, without using a digital value of the
low luminance level region, and allows the low luminance
level region to be expressed through a pulse width modu-
lation dimming operation.

[0119] Accordingly, it is possible to not only minutely
adjust luminance in a low luminance level region, but also
express a luminance level which could not be expressed due
to a boundary value of the low luminance level region.

[0120] FIG. 7 illustrates an example in which output
luminance in a low luminance level region is minutely
adjusted through a digital value of a high luminance level
region and a pulse width modulation dimming operation.

[0121] Referring to FIG. 7, when output luminance is
controlled by using a digital value of a high luminance level
region, luminance with respect to every adjacent digital
values may be adjusted at one nit.

[0122] Meanwhile, in order to control output luminance in
a low luminance level region, a pulse width modulation
dimming operation is applied to a digital value of a high
luminance level region, and therefore, it is possible to
minutely adjust luminance through duty adjusting during the
pulse width modulation dimming operation.

[0123] For example, in a high luminance level region, the
luminance can be adjusted at an interval of one nit through
adjacent digital values. However, in a low luminance level
region, the duty during a pulse width modulation dimming
operation is adjusted to 10%, so that luminance can be
adjusted at an interval of 0.1 nit.

[0124] Therefore, it is possible to minutely adjust lumi-
nance in a low luminance level region, so that expression
capability can be improved in the low luminance level
region.

[0125] FIG. 8 illustrates an example of expressing a low
luminance level region through a pulse width modulation
dimming operation when the number of luminance level
regions indicated by a selection band signal is four.
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[0126] Referring to FIG. 8, each band may be designated
by a selection band signal which corresponds to two bits
since the number of bands in a luminance level region is
configured to be four.

[0127] When being “117, “10”, and “01”, the selection
band signal indicates a band for a high luminance level
region, and when being “00”, the selection band signal may
indicate a separate exclusive band configured for a pulse
width modulation dimming operation of a low luminance
level region.

[0128] FIG. 8 illustrates an example where the selection
band signal “00” indicates a band discriminable from a band
of a high luminance level region. However, a selection band
signal may indicate a band including a luminance level
region overlapping a part of the high luminance level region.
[0129] When receiving a pulse width modulation value of
a low luminance level region, the data driver 130 changes
the pulse width modulation value into a pulse width modu-
lation dimming value indicating a high luminance level
region according to a pulse width modulation dimming
enable signal and a selection band signal.

[0130] Further, the data driver 130 controls luminance
through a pulse width modulation dimming operation, and
thereby allows a low luminance level region to be expressed
by using a pulse width modulation dimming value indicating
a high luminance level region.

[0131] That is, as illustrated in FIG. 8, a low luminance
level region is expressed through a band of a high luminance
level region, indicated by the selection band signal “11”, and
a pulse width modulation dimming operation.

[0132] In addition, according to a selection band signal, a
low luminance level region may be expressed by using a
luminance level region indicated by the selection band
signal “10” or “01” or a luminance level region indicated by
the selection band signal “00”.

[0133] Therefore, according to the present embodiments,
when a pulse width modulation value indicating a high
luminance level region is input, a pulse width modulation
dimming operation is not performed, and luminance is
controlled according to the pulse width modulation value.
[0134] Further, when a pulse width modulation value
indicating a low luminance level region is input, the pulse
width modulation value is changed into a pulse width
modulation dimming value and the low luminance level
region is expressed through a pulse width modulation dim-
ming operation.

[0135] Accordingly, it is possible to minutely control
luminance in a low luminance level region, and improve
expression capability in a low luminance level region.
[0136] FIG. 9 illustrates an example of timing of a signal
which is output during a pulse width modulation dimming
operation in an organic light emitting display device 100
according to the present embodiments.

[0137] Referring to FIG. 9, a controller 140 of an organic
light emitting display device 100 according to the present
embodiments receives an input data enable signal DE from
the outside, and outputs an internal data enable signal in
accordance with timing of the input data enable signal DE.
[0138] The controller 140 duplicates an internal data
enable signal which is output in an activation interval of one
image frame and outputs the duplicated signal in a blank
interval of the one image frame.

[0139] As described above, an internal data enable signal
is output in a blank interval of one image frame, so that it is
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possible to prevent an imbalance of OFF times from occur-
ring in the blank interval during a pulse width modulation
dimming operation. Thus, pixels may be repeatedly turned
on and off during the black interval of the one image frame.
[0140] The gate driver 120 performs a pulse width modu-
lation dimming operation by outputting a scan signal (for
example, an EM signal) that turns off a subpixel operated by
each gate line GL. Thus, the duty cycles of pixels may be
adjusted during an image display interval of the one image
frame by repeatedly turning on and off the pixels during the
image display interval.

[0141] For example, the gate driver 120 may output a
plurality of scan signals within one image frame interval.
Further, when an image frame is operated at 60 Hz, the gate
driver 120 may output a scan signal four times to allow a 240
Hz pulse width modulation dimming operation.

[0142] A plurality of scan signals are output within one
image frame, so as to employ high speed dimming, and thus
it is possible to minimize the influence of flicker during a
pulse width modulation dimming operation. Thus, the gate
driver 120 is configured to adjust the duty cycle of the pixels
during the pulse width modulation dimming operation to
repeatedly turn on and off the pixels.

[0143] In this regard, intervals at which a plurality of scan
signals that turn off a subpixel are output are randomly
adjusted, so as to prevent block-dim effects which may occur
at a fixed position.

[0144] Through the pulse width modulation dimming
operation, a low luminance level region can be expressed by
using a pulse width modulation dimming value indicating a
high luminance level region.

[0145] FIG. 10 illustrates a process of a method for driving
a data driver 130 according to the present embodiments.
[0146] Referring to FIG. 10, a data driver 130 according to
the present embodiments receives a pulse width modulation
value from the outside, in step S1000. The data driver 130
may also receive image data for a first frame along with the
pulse width modulation value. The pulse width modulation
value may indicate a first mapping between a set of gray-
scale values and a first set of luminance values. The pulse
width modulation value may be represented by a first
number of bits.

[0147] And then, the data driver 130 identifies a pulse
width modulation dimming enable signal, in step S1010, and
when the pulse width modulation dimming enable signal has
a value of “1”, the data driver 130 changes an upper bit of
the pulse width modulation value into a selection band
signal to output a pulse width modulation dimming value, in
step $1020. The selection band signal may be represented as
a second number of bits. The pulse width modulation
dimming value may be generated by replacing the second
number of most-significant bits of the pulse width modula-
tion value with the second number of bits of the selection
band signal. The pulse width modulation dimming value
may indicate a second mapping between the set of grayscale
values and a second set of luminance values. A luminance
value in the second set corresponding to a grayscale value
may be higher than a luminance value in the first set
corresponding to the same grayscale value.

[0148] The data driver 130 outputs gamma voltage accord-
ing to a luminance level indicated by the pulse width
modulation dimming value having been changed from the
pulse width modulation value, in step S1030, and allows
luminance lower than a luminance level indicated by the
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pulse width modulation dimming value to be expressed
through a pulse width modulation dimming operation.
[0149] When the pulse width modulation dimming enable
signal has a value of “0”, the data driver 130 outputs gamma
voltage according to a luminance level indicated by the
pulse width modulation value, in step S1040, and expresses
the luminance level indicated by the pulse width modulation
value.
[0150] Therefore, according to the present embodiments,
when a pulse width modulation value corresponds to a
digital value indicating a high luminance level region, a
pulse width modulation dimming operation is not per-
formed, and luminance is controlled according to the pulse
width modulation value.
[0151] Further, when a pulse width modulation value
corresponds to a digital value indicating a low luminance
level region, the pulse width modulation value is changed
into a pulse width modulation dimming value indicating a
high luminance level region and a low luminance level
region may be expressed through a pulse width modulation
dimming operation.
[0152] Accordingly, it is possible to minutely control
luminance of a low luminance level region, and improve
expression capability in a low luminance level region.
[0153] In addition, a scan signal that is output to turn off
a subpixel operated by a gate line GL. during a pulse width
modulation dimming operation is output multiple times, so
that it is possible to minimize flicker which may occur
during the pulse width modulation dimming operation.
Further, intervals of outputting scan signals are random, so
that it is possible to prevent block-dim effects from occur-
ring at a fixed position.
[0154] Although a preferred embodiment of the present
invention has been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims. Accordingly, the embodiments dis-
closed in the present invention are only for describing, but
not limiting, the technical idea of the present invention, and
the scope of the technical idea of the present invention is not
limited by the embodiments. The scope of the present
invention shall be construed on the basis of the accompa-
nying claims in such a manner that all of the technical ideas
included within the scope equivalent to the claims belong to
the present invention.
What is claimed is:
1. An organic light emitting display device comprising:
an organic light emitting display panel including a plu-
rality of gate lines, a plurality of data lines, and a
plurality of subpixels arranged therein;
a gate driver configured to output scan signals to the
plurality of gate lines;
a data driver configured to output data voltages to the
plurality of data lines; and
a controller configured to control driving of the gate
driver and the data driver,
wherein the data driver is configured to receive a pulse
width modulation value, change the pulse width modu-
lation value into a pulse width modulation dimming
value indicating a luminance level higher than that
indicated by the pulse width modulation value accord-
ing to a pulse width modulation dimming enable signal,
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and output the data voltages on the basis of the pulse
width modulation value or the pulse width modulation
dimming value.

2. The organic light emitting display device of claim 1,
wherein the data driver comprises:

a pulse width modulation control unit configured to
receive the pulse width modulation value, a selection
band signal, and the pulse width modulation dimming
enable signal, and generate the pulse width modulation
dimming value by using the pulse width modulation
value and the selection band signal according to the
pulse width modulation dimming enable signal;

a luminance control unit configured to output the pulse
width modulation value or the pulse width modulation
dimming value according to the pulse width modula-
tion dimming enable signal; and

a gamma voltage control unit configured to output gamma
voltages on the basis of the pulse width modulation
value or the pulse width modulation dimming value
output by the luminance control unit.

3. The organic light emitting display device of claim 2,
wherein the pulse width modulation control unit is config-
ured to output an identical value to the pulse width modu-
lation value as the pulse width modulation dimming value
when the pulse width modulation dimming enable signal has
a value of “0”.

4. The organic light emitting display device of claim 2,
wherein the pulse width modulation control unit is config-
ured to output the pulse width modulation dimming value
including the selection band signal as upper bits when the
pulse width modulation dimming enable signal has a value
of “1”.

5. The organic light emitting display device of claim 2,
wherein the selection band signal is configured to indicate
one of a plurality of bands including luminance level regions
discriminable from each other, and one band including a
luminance level region overlapping at least a part of the
luminance level regions included in the plurality of bands.

6. The organic light emitting display device of claim 1,
wherein, when the pulse width modulation dimming value
indicating a luminance level higher than that indicated by
the pulse width modulation value is output, the gate driver
is configured to output the scan signals which turn off a
subpixel within one image frame interval.

7. The organic light emitting display device of claim 6,
wherein the gate driver is configured to output the scan
signals such that at least one gap among gaps between the
scan signals output within the one image frame interval is
different from the remaining gaps.

8. The organic light emitting display device of claim 1,
wherein the controller is configured to output, within a blank
interval of one image frame interval, an internal data enable
signal output within an interval in which an input data enable
signal is output.

9. A data driver comprising:

a pulse width modulation control unit configured to
receive a pulse width modulation value, a selection
band signal, and a pulse width modulation dimming
enable signal, change the pulse width modulation value
into a pulse width modulation dimming value indicat-
ing a luminance level higher than that indicated by the
pulse width modulation value according to the pulse
width modulation dimming enable signal, and output
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the pulse width modulation value and the pulse width
modulation dimming value;

a luminance control unit configured to output the pulse
width modulation value or the pulse width modulation
dimming value according to the pulse width modula-
tion dimming enable signal; and

a gamma voltage control unit configured to output gamma
voltage on the basis of a luminance level indicated by
a value output by the luminance control unit.

10. The data driver of claim 9, wherein the pulse width
modulation control unit is configured to output an identical
value to the pulse width modulation value as the pulse width
modulation dimming value when the pulse width modula-
tion dimming enable signal has a value of

11. The data driver of claim 9, wherein the pulse width
modulation control unit is configured to output a pulse width
modulation dimming value including the selection band
signal as upper bits when the pulse width modulation
dimming enable signal has a value of “1”.

12. The data driver of claim 9, wherein the selection band
signal is configured to indicate one of a plurality of bands
including luminance level regions discriminable from each
other, and one band including a luminance level region
overlapping at least a part of the luminance level regions
included in the plurality of bands.

13. A method for driving a data driver, comprising:

receiving a pulse width modulation value;

generating a pulse width modulation dimming value indi-
cating a luminance level higher than that indicated by
the pulse width modulation value on the basis of a pulse
width modulation dimming enable signal and a selec-
tion band signal; and

outputting data voltage on the basis of the pulse width
modulation value or the pulse width modulation dim-
ming value according to the pulse width modulation
dimming enable signal.

14. The method of claim 13, wherein the generating of the
pulse width modulation dimming value comprises generat-
ing the pulse width modulation dimming value as an iden-
tical value to the pulse width modulation value when the
pulse width modulation dimming enable signal has a value
of “0”.

15. The method of claim 13, wherein the generating of the
pulse width modulation dimming value comprises changing
upper bits of the pulse width modulation value to the
selection band signal when the pulse width modulation
dimming enable signal has a value of “1”.

16. The method of claim 13, wherein the selection band
signal is configured to indicate one of a plurality of bands
including luminance level regions discriminable from each
other, and one band including a luminance level region
overlapping at least a part of the luminance level regions
included in the plurality of bands.

17. An organic light emitting display device comprising:

an organic light emitting display panel including a plu-
rality of gate lines, a plurality of data lines, and a
plurality of subpixels arranged therein;

a gate driver configured to output scan signals to the
plurality of gate lines; and

a data driver configured to output data voltages to the
plurality of data lines,

wherein the data driver is configured to output a first
analog gamma voltage belonging to a first gamma
voltage region in accordance with a first digital lumi-
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nance value belonging to a first luminance level region,
and output a second analog gamma voltage belonging
to the first gamma voltage region in accordance with a
second digital luminance value belonging to a second
luminance level region different from the first lumi-
nance level region.
18. The organic light emitting display device of claim 17,
wherein the second luminance level region has a luminance
level lower than a luminance level of the first luminance
level region.
19. The organic light emitting display device of claim 17,
wherein the gate driver is configured to apply to the second
analog gamma voltage, a second pulse width modulation
duty cycle different from a first pulse width modulation duty
cycle which is applied to the first analog gamma voltage.
20. The organic light emitting display device of claim 19,
wherein the organic light emitting display panel is config-
ured to display luminance corresponding to the second
digital luminance value through the second analog gamma
voltage to which the second pulse width modulation duty
cycle is applied.
21. A display device, comprising:
a display panel including a plurality of gate lines, a
plurality of data lines, and a plurality of pixels arranged
at intersections of the plurality of gate lines and the
plurality of data lines;
a data driver for driving the plurality of data lines, the data
driver configured to:
receive image data for a first frame and a first pulse
width modulation (PWM) value, wherein the first
PWM value indicates a first mapping between a set
of grayscale values and a first set of luminance
values;

responsive to a determination to modify the first PWM
value, convert the first PWM value to a PWM
dimming value greater than the first PWM value, the
PWM dimming value indicating a second mapping
between the set of grayscale values and a second set
of luminance values,

identify, for a pixel of the display device having a
grayscale value for the first frame corresponding to
a first luminance value in the first mapping, a second
luminance value from the second mapping corre-
sponding to the grayscale value, wherein the second
luminance value is higher than the first luminance
value, and

apply, during an image display interval of the first
frame, a gamma voltage corresponding to the second
luminance value to a data line electrically connected
to the pixel; and

a gate driver for driving the plurality of gate lines, the gate
driver configured to adjust a duty cycle of the pixel
during the image display interval of the first frame such
that luminance of the pixel is lower than the second
luminance value.

22. The display device of claim 21, wherein the data
driver is further configured to receive a selection band signal
indicating a first range of PWM values including the PWM
dimming value.

23. The display device of claim 22, wherein the first PWM
value is represented by a first number of bits and the
selection band signal is represented by a second number of
bits, the second number smaller than the first number.
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24. The display device of claim 23, wherein the data
driver is further configured to convert the first PWM value
to the PWM dimming value by replacing the second number
of most-significant bits of the first PWM value with the
second number of bits of the selection band signal.
25. The display device of claim 22, wherein the gate
driver adjusts the duty cycle of the pixel based on the
selection band signal.
26. The display device of claim 21, wherein the gate
driver adjusts the duty cycle of the pixel by repeatedly
turning on and off the pixel during the image display interval
of the first frame for a predetermined number of times.
27. The display device of claim 26, wherein the gate
driver is configured to repeatedly turn on and off the pixel
during a blank interval of the first frame.
28. A method for driving a display device, comprising:
receiving image data for a first frame and a first pulse
width modulation (PWM) value from a controller, the
first PWM value indicating a first mapping between a
set of grayscale values and a first set of luminance
values;
responsive to a determination to modify the first PWM
value, converting the first PWM value to a PWM
dimming value greater than the first PWM value, the
PWM dimming value indicating a second mapping
between the set of grayscale values and a second set of
luminance values;
identifying, for a pixel of the display device having a
grayscale value for the first frame corresponding to a
first luminance value in the first mapping, a second
luminance value from the second mapping correspond-
ing to the grayscale value, wherein the second lumi-
nance value is higher than the first luminance value;

applying, during an image display interval of the first
frame, a gamma voltage to the pixel corresponding to
the second luminance value; and

adjusting a duty cycle of the pixel during the image

display interval of the first frame such that luminance
of the pixel is lower than the second luminance value.

29. The method of claim 28, further comprising;

receiving a selection band signal indicating a first range of

PWM values including the PWM dimming value.

30. The method of claim 29, wherein the first PWM value
is represented by a first number of bits and the selection band
signal is represented by a second number of bits, the second
number smaller than the first number.

31. The method of claim 30, wherein converting the first
PWM value to the PWM dimming value comprises replac-
ing the second number of most-significant bits of the first
PWM value with the second number of bits of the selection
band signal.

32. The method of claim 29, wherein the duty cycle is
adjusted based on the selection band signal.

33. The method of claim 28, wherein adjusting the duty
cycle of the pixel comprises repeatedly turning on and off
the pixel during the image display interval of the first frame
for a predetermined number of times.

34. The method of claim 13, further comprising repeat-
edly turning on and off the pixel during a blank interval of
the first frame.



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E (TR AGE)

FRI& B A

RHA

H AT SR
S\EREERE

BEX)

BIERXETREKE  BERIFZNRIBER BN ZE

US20180182298A1 NI (»&E)B
US15/849407 RiEHR
REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

JANG SUHYUK
KIM HYOJIN
LEE JAEWOO
KIM HYEJIN
LEE JINWON
JUN DASOL

JANG, SUHYUK
KIM, HYOJIN
LEE, JAEWOO
KIM, HYEJIN
LEE, JINWON
JUN, DASOL

G09G3/3258 G09G3/3266 G09G3/3291 G09G3/20

2018-06-28

2017-12-20

patsnap

G09G3/3258 G09G3/3266 G09G3/3291 G09G3/2077 G09G2320/064 G09G2320/0673

1020160180711 2016-12-28 KR

US10395596

Espacenet USPTO

—MAEERERXBTHRIARINBNEAEREE , B, M /
WEE RMESEE R XS BRI E R BIER | PR B R AT Y BROF fres=s

1
RERHERENETORTBHALE. BRERXE , FEEIH iy
BoRE ERH BN ENBRE R BB EE RN EERERERE =
R, I T 0 B R X 3 ok BT B 4618 KA R B B B R |
BRBERZHEEERRSTHEE , EETUBALBHIESER |
KGR R ERTAE D, EEERXE, 3

|
|
|

130

/

imianes

Vo O

Luminaee.

H—

A Lowe Ot
—F

]

D Vil

— [U

0Pl L]

inence Ql

I
Iﬁelacrion

Yidoo I



https://share-analytics.zhihuiya.com/view/0bd5a3bd-88b3-4422-a60e-506d363aa9cf
https://worldwide.espacenet.com/patent/search/family/062510353/publication/US2018182298A1?q=US2018182298A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180182298%22.PGNR.&OS=DN/20180182298&RS=DN/20180182298

