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[FIG 2]
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[FIG 4]
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[FIG 7]
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[FIG 8]
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[FIG 9]
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ORGANIC LIGHT-EMITTING DIODE-BASED
DISPLAY DEVICE AND METHOD FOR
DRIVING THE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Republic of
Korea Patent Application No. 10-2018-0079027 filed on Jul.
6, 2018 in the Korean Intellectual Property Office, the
disclosure of which is hereby incorporated by reference in
its entirety.

BACKGROUND

1. Technical Field

[0002] The present disclosure relates to an organic light-
emitting diode-based display device, and, more particularly,
to an organic light-emitting diode (OLED) display device
and a method for driving the device, in which a displayed
image quality is improved while power consumption is
reduced via driving stabilization of a data driver.

2. Description of the Related Art

[0003] Flat type display devices are used in various kinds
of electronic products including mobile phones, tablet PCs,
and notebooks. The flat type display device may include a
liquid crystal display device, an organic light-emitting
diode-based display device, and an electronic wetting dis-
play device.

[0004] A liquid crystal display device, an organic light-
emitting diode-based display device, or the like displays an
image by controlling light transmittance or light emission
amount of each pixel in an image display panel in which a
plurality of pixels are arranged in a matrix form. To this end,
panel driver circuits for driving the pixels of the image
display panel are mounted on the image display panel or are
electrically connected thereto.

[0005] In one example, in the organic light-emitting
diode-based display panel, a plurality of gate lines and data
lines are arranged to cross each other. In each pixel region
defined by intersection of the gate lines and data lines, an
OLED (Organic Light Emitting Diode) element and a pixel
circuit for independently driving each OLED element are
disposed. The panel driver circuit includes a gate driver that
sequentially drives the gate lines, a data driver that supplies
data voltages to the data lines, and a timing controller that
controls driving timing of the gate and data driver.

[0006] The data driver supplies data voltages to the
respective data lines on a horizontal line basis according to
timings of sequentially driving the gate lines, thereby dis-
playing the images on the respective pixels. To this end, the
data driver subdivides a reference gamma voltage into gray
level-based gamma voltage levels. The data driver uses the
subdivided gray level-based gamma voltages to convert
digital data to analog data voltage. Then, the analog data
voltages are supplied to the pixel circuits of each pixel so
that the images are displayed on the respective pixels.
[0007] A conventional data driver includes a string of a
plurality of resistors and switching elements for selectively
connecting respective nodes of the resistors. The gray level-
based gamma voltage is set according to a distribution
voltage level of the resistor string and is used as the data
voltage.
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[0008] However, conventionally, a data voltage of each
pixel is generated and output by using a single resistor string
and switch elements for an entirety of a range from a gamma
voltage corresponding to a low gray level to a gamma
voltage corresponding a high gray level. Thus, as the data
voltage level changes to the low gray level or high gray level
increases, the consumption current increases and the amount
of heat generated increases. In particular, as the current
consumption increases and the heat amount increases, a load
and risk applied to the data driver increases. For this reason,
a level of the reference gamma voltage must be raised up.

SUMMARY

[0009] The present disclosure aims at solving the above-
mentioned problems. Thus, a purpose of the present disclo-
sure is to provide an organic light-emitting diode (OLED)
display device and a method for driving the device, by which
an image quality of a displayed image is improved while the
device is driven more stably. This may be achieved in that
a data driver divides a gray level-based gamma voltage for
generating the data voltage into a gamma voltage level
corresponding to a high gray level and a gamma voltage
level corresponding to a low gray level, and applies the
gamma voltage level corresponding to the high gray level
and the gamma voltage level corresponding to the low gray
level through different amplification units or output stages
respectively to each of data lines.

[0010] The purposes of the present disclosure are not
limited to the above-mentioned purposes. Other purposes
and advantages of the present disclosure, as not mentioned
above, may be understood from the following descriptions
and more clearly understood from the embodiments of the
present disclosure. Further, it will be readily appreciated that
the purposes and advantages of the present disclosure may
be realized by features and combinations thereof as dis-
closed in the claims.

[0011] In one aspect of the present disclosure, there is
proposed an organic light-emitting diode-based display
device comprising: an organic light-emitting diode-based
display panel having a plurality of pixel regions defined by
a plurality of gates and data lines; a data driver configured
for: dividing a reference gamma voltage into a gamma
voltage corresponding to a high gray level and a gamma
voltage corresponding to a low gray level; selecting one
between the gamma voltage corresponding to the high gray
level and the gamma voltage corresponding to the low gray
level based on a gray level of video data; and supplying the
selected one, as data voltage, through a corresponding
output stage among dual output stages to a corresponding
data line of the display panel, wherein the dual output stages
respectively correspond to the gamma voltage correspond-
ing to the high gray level and the gamma voltage corre-
sponding to the low gray level; and a digital-analog con-
verter (DAC) controller configured for control the data
driver such that the selected one is supplied through the
corresponding output stage among the dual output stages to
a corresponding data line.

[0012] In another aspect of the present disclosure, there is
proposed a method for driving an organic light-emitting
diode-based display device, the method comprising: sequen-
tially supplying a gate-on signal to gate lines of an organic
light-emitting diode-based display panel having a plurality
of pixel regions defined therein; dividing a reference gamma
voltage into a gamma voltage corresponding to a high gray
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level and a gamma voltage corresponding to a low gray
level; selecting one between the gamma voltage correspond-
ing to the high gray level and the gamma voltage corre-
sponding to the low gray level based on a gray level of video
data; supplying the selected one, as data voltage, through a
corresponding output stage among dual output stages to a
corresponding data line of the display panel, wherein the
dual output stages respectively correspond to the gamma
voltage corresponding to the high gray level and the gamma
voltage corresponding to the low gray level; and controlling
a digital-analog converter such that the selected one is
supplied through the corresponding output stage among the
dual output stages to the corresponding data line.

[0013] In the organic light-emitting diode-based display
device and the method for driving the device according to
the embodiments of the present disclosure having various
technical features as described above, the data driver divides
the gray level-based gamma voltage for generating the data
voltage into a high gray level range and a low gray level
range. The high gray level and low gray level-based gamma
voltages are output through the dual amplifiers or output
stages, respectively, to each of the data lines. Accordingly,
this may stabilize the driving of the data driver by reducing
the amount of heat as generated while preventing an increase
in power consumption.

[0014] Further, in the organic light-emitting diode-based
display device and the method for driving the device accord-
ing to the embodiments of the present disclosure having
various technical features as described above, the data driver
outputs the data voltage according to the gray level of the
video data, and then outputs the gamma voltage correspond-
ing to the middle gray level to the data line for a blank period
as a period before outputting the data voltage according to
the gray level in the subsequent horizontal line period.
Therefore, this may improve the displayed image quality by
increasing the varying speed of the data voltage according to
the brightness change of the displayed image.

[0015] Furthermore, in the organic light-emitting diode-
based display device and the method for driving the device
according to the embodiments of the present disclosure
having various technical features as described above, the
data driver analyzes the data voltage magnitude of the
currently displayed video data and the data voltage magni-
tude of the subsequently displayed video data. Then, the
gamma voltage to be outputted to each of the data lines for
the blank period may be varied according to the analysis
result. Accordingly, this may further increase the varying
speed of the data voltage in correspondence with the bright-
ness change of the displayed image, and thus further
improve the image quality of the displayed image.

[0016] In addition to the above effects, specific effects of
the present disclosure are described below in conjunction
with descriptions of specific details to implement the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a configuration diagram illustrating an
organic light-emitting diode-based display device including
a data driver according to a first embodiment of the present
disclosure.

[0018] FIG. 2 is a configuration diagram illustrating a
structure of a timing controller, a reference gamma voltage
generator, and a data driver shown in FIG. 1 in more detail
according to an embodiment of the present disclosure.
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[0019] FIG. 3 is a configuration diagram specifically illus-
trating a dual type digital-analog converter (DAC) shown in
FIG. 2 according to an embodiment of the present disclo-
sure.

[0020] FIG. 4 is a graph showing characteristics of low
gray level-based and high gray level-based data voltages
generated and output by the dual type DAC of FIG. 3
according to an embodiment of the present disclosure.
[0021] FIG. 5 shows configuration and waveform dia-
grams for sequentially illustrating a method of driving a dual
type amplification module shown in FIG. 3 in accordance
with one implementation.

[0022] FIG. 6 shows configuration and waveform dia-
grams for sequentially illustrating a method of driving a dual
type amplification module shown in FIG. 3 in accordance
with another implementation.

[0023] FIG. 7 is a block diagram specifically illustrating
an organic light-emitting diode-based display device
equipped with a data driver according to a second embodi-
ment of the present disclosure.

[0024] FIG. 8is a configuration diagram specifically illus-
trating a signal transmission structure of a timing controller,
a gamma controller, a reference gamma voltage generator,
and a data driver shown in FIG. 7 according to an embodi-
ment of the present disclosure.

[0025] FIG. 91is a configuration diagram specifically illus-
trating the gamma controller shown in FIG. 8 according to
an embodiment of the present disclosure.

[0026] FIG. 10 is configuration and waveform diagrams
for sequentially illustrating a method of driving a dual type
amplification module according to a second embodiment of
the present disclosure.

[0027] FIG. 11 is a block diagram specifically illustrating
a gamma controller of an organic light-emitting diode
(OLED) display device according to a third embodiment of
the present disclosure.

[0028] FIG. 12 is configuration and waveform diagrams
for sequentially illustrating a method of driving a dual type
amplification module according to a third embodiment of the
present disclosure.

DETAILED DESCRIPTIONS

[0029] For simplicity and clarity of illustration, elements
in the figures are not necessarily drawn to scale. The same
reference numbers in different figures denote the same or
similar elements, and as such perform similar functionality.
Furthermore, in the following detailed description of the
present disclosure, numerous specific details are set forth in
order to provide a thorough understanding of the present
disclosure. However, it will be understood that the present
disclosure may be practiced without these specific details. In
other instances, well-known methods, procedures, compo-
nents, and circuits have not been described in detail so as not
to unnecessarily obscure aspects of the present disclosure.
[0030] Examples of various embodiments are illustrated
and described further below. It will be understood that the
description herein is not intended to limit the claims to the
specific embodiments described. On the contrary, it is
intended to cover alternatives, modifications, and equiva-
lents as may be included within the spirit and scope of the
present disclosure as defined by the appended claims.
[0031] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present disclosure. As used herein, the
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singular forms “a” and “an” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises”, “comprising”, “includes”, and “including”
when used in this specification, specify the presence of the
stated features, integers, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, operations, elements, com-
ponents, and/or portions thereof. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items. Expression such as “at least
one of” when preceding a list of elements may modify the
entire list of elements and may not modify the individual
elements of the list.

[0032] It will be understood that, although the terms
“first”, “second”, “third”, and so on may be used herein to
describe various elements, components, regions, layers and/
or sections, these elements, components, regions, layers
and/or sections should not be limited by these terms. These
terms are used to distinguish one element, component,
region, layer or section from another element, component,
region, layer or section. Thus, a first element, component,
region, layer or section described below could be termed a
second element, component, region, layer or section, with-
out departing from the spirit and scope of the present
disclosure.

[0033] In addition, it will also be understood that when a
first element or layer is referred to as being present “on” a
second element or layer, the first element may be disposed
directly on the second element or may be disposed indirectly
on the second element with a third element or layer being
disposed between the first and second elements or layers. It
will be understood that when an element or layer is referred
to as being “connected to”, or “coupled to” another element
or layer, it can be directly on, connected to, or coupled to the
other element or layer, or one or more intervening elements
or layers may be present. In addition, it will also be
understood that when an element or layer is referred to as
being “between” two elements or layers, it can be the only
element or layer between the two elements or layers, or one
or more intervening elements or layers may also be present.
[0034] Unless otherwise defined, all terms including tech-
nical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art
to which this inventive concept belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0035] FIG. 1 is a configuration diagram illustrating an
organic light-emitting diode-based display device including
a data driver according to a first embodiment of the present
disclosure.

[0036] The organic light-emitting diode-based display
device shown in FIG. 1 includes an organic light-emitting
diode-based display panel 100, a gate driver 200, a data
driver 300, a power supply 400, a reference gamma voltage
generator 600, and a timing controller 500.

[0037] A plurality of pixel regions are defined in the
organic light-emitting diode-based display panel 100. A
plurality of subpixels P are arranged in a matrix form in each
pixel region to display an image. In this connection, the
sub-pixel P in each pixel region includes an organic light-
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emitting diode and a diode driver circuit that independently
drives the light-emitting diode. The diode driver circuits
respectively supply analog data voltages from the respective
data lines DLs to the light-emitting diodes while the diode
driver circuits allow the data voltages to be charged in
sub-pixels to maintain the light-emission state.

[0038] The gate driver 200 sequentially drives gate lines
GL1 to GLn of the organic light-emitting diode-based dis-
play panel 100 every frame period. Specifically, the gate
driver 200 receives a gate control signal GVS, for example,
a gate start pulse GSP and a gate shift clock GSC from the
timing controller 500, and sequentially generates gate on
signals. The gate driver 200 controls a pulse width of the
gate on signal according to a gate output enable GOE signal.
The gate driver 200 sequentially supplies the gate on signals
to the gate lines GL1 to GLn respectively.

[0039] The data driver 300 respectively supplies data
voltages to the data lines DLL1 to DLm of the organic light
emitting diode-based display panel 100 every horizontal line
driving period.

[0040] Specifically, the data driver 300 converts digital
video data from the timing controller 500 into an analog data
voltage using a source start pulse SSP and a source shift
clock SSC in a data control signal DVS from the timing
controller 500. The data driver 300 supplies a data voltage
to each of the data lines DL1 to DLm in response to a source
output enable SOE signal. Specifically, the data driver 300
latches the input video data Data according to the SSC. In
response to the SOE signal, the data driver 300 supplies a
video data voltage to each of the data lines DL1 to DLm by
one horizontal line per one horizontal line period in which
ascan pulse is supplied to each of the gate lines GL1 to GLn.

[0041] In order to convert the digital video data Data into
an analog data voltage, the data driver 300 subdivides a
reference gamma voltage GMA_V having multiple levels
input from the reference gamma voltage generator 600 into
gray level-based gamma voltages. In this connection, the
subdivided gray level-based gamma voltage is selected and
output as a gray level-based analog data voltage based on a
gray level of the digital video data.

[0042] According to the present disclosure, the data driver
300 uses a dual structure DAC (digital to analog converter)
to output the gray level-based ganima voltage such that the
gray level-based gamma voltage is divided into a gamma
voltage corresponding to a high gray level range, and the
gamma voltage corresponding to the low gray level range.
Then, the gamma voltage corresponding to the high gray
level and the gamma voltage corresponding to the low gray
level are respectively output through different amplifiers or
output stages to a data line connection channel. As a result,
the gamma voltage corresponding to the high gray level and
the gamma voltage corresponding to the low gray level may
be respectively amplified by different amplifiers and then
supplied, as data voltages, to the respective data lines. A
structure and driving method of the data driver 300 in
accordance with the present disclosure will be described in
more detail with reference to the accompanying drawings.

[0043] The power supply 400 supplies a first power signal
VDD to power lines PL1 to PLn of the organic light-emitting
diode-based display panel 100 and supplies a second power
signal GND to a ground line.

[0044] The reference gamma voltage generator 600 gen-
erates a reference gamma voltage GMA_V having a plural-
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ity of levels on at least one set basis and transmits the
generated voltage to the data driver 300.

[0045] Specifically, the reference gamma voltage genera-
tor 600 generates the reference gamma voltage GMA_V
having a plurality of voltage levels in a voltage range from
a gamma voltage corresponding to a lowest gray level (for
example, 0 gray level) to a gamma voltage corresponding to
a highest gray level (for example, 255 gray level). Then, the
generated reference gamma voltage GMA_V is transmitted
to the data driver 300. The reference gamma voltage
GMA_V refers to a source voltage which may be subdivided
into gray level-based gamma voltages using a string of
multiple resistors and switching elements in the data driver
300. Such a reference gamma voltage GMA_V may fix a
voltage in a stepwise manner so that the gray level-based
gamma voltage levels as subdivided using the string of
multiple resistors and switching elements are fixed.

[0046] The timing controller 500 configures external
video data input thereto in accordance with the driving of the
organic light-emitting diode-based display panel 100 and
transmits the configured video data to the data driver 300. At
the same time, the timing controller 500 generates data and
gate control signals DVS and GVS to control the driving
timings of the data and gate drivers 300 and 200.

[0047] Specifically, the timing controller 500 configures
the external digital video data input thereto in accordance
with the resolution of the organic light-emitting diode-based
display panel 100, and supplies the configured video data to
the data driver 300. Further, the timing controller 500
generates the data and gate control signals DVS and GVS
using external synchronizing signals (not shown) input
thereto and supplies the data and gate control signals DVS
and GVS to the data driver 300 and the gate driver 200,
respectively.

[0048] FIG. 2 is a configuration diagram illustrating a
structure of the timing controller, the reference gamma
voltage generator, and the data driver shown in FIG. 1 in
more detail according to an embodiment of the present
disclosure.

[0049] As shown in FIG. 2, the data driver 300 includes a
shift register 310, a latch 320, a digital-analog converter
(DAC) 330, a DAC controller 350, and an output buffer 340.
[0050] The shift register 310 generates a sampling signal
SAM in response to a source start pulse SSP and a source
shift clock SSC in a data control signal DVS from the timing
controller 500. Specifically, the shift register 310 sequen-
tially shifts the source start pulse SSP according to a source
shift clock SSC to sequentially generate a sampling signal
SAM, and sequentially supplies the sampling signal SAM to
the latch 320.

[0051] The latch 320 sequentially samples the video data
Data supplied from the timing controller 500 according to
the sampling signal SAM from the shift register 310. Then,
the latch 320 stores the sampled data on a single-line basis.
At the same time, the latch 320 outputs the sampled video
data RData corresponding to a single line to the digital-
analog converter 330 in response to a source output enable
signal SOE in the data control signal DVS.

[0052] In order to convert the sampled video data RData
to an analog data voltage AData, the digital-analog converter
330 subdivides the reference gamma voltage GMA_V from
the reference gamma voltage generator 600 into gray level-
based gamma voltages. Then, the DAC 330 selects and
outputs the subdivided gray level-based gamma voltage
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based on a gray level of the sampled video data RData for
each of the sub-pixels. In this way, the DAC 330 converts
the video data RData of each sub pixel into an analog data
voltage AData.

[0053] When the DAC 330 selects and outputs the subdi-
vided gray level-based gamma voltage based on the gray
level of the video data RData of each sub-pixel, a dual type
structure of the DAC 330 allows the subdivided gray level-
based gamma voltages to be divided into a gamma voltage
range corresponding to a high gray level and a gamma
voltage range corresponding to a low gray level. Then, dual
amplifiers (not shown) in the DAC 330 respectively amplify
the gamma voltage corresponding to the high gray level and
the gamma voltage corresponding to the low gray level into
the data voltages AData and outputs each of the data
voltages AData to each data line connection channel. At the
same time, the DAC 330 transmits the video data AData
corresponding to the single line as output to each data line
connection channel to the output buffer 340.

[0054] In order to prevent the analog data voltage AData
from the digital-analog converter 330 from being distorted
according to a RC time constants of the data lines DL1 to
DLm, the output buffer 340 may amplify the analog data
voltages AData and supply the amplified video signals Vout
to the respective data lines DL1 to DLm.

[0055] The DAC controller 350 controls the digital-analog
converter 330 such that the digital-analog converter 330
divides the data voltage AData of each sub-pixel into a
voltage corresponding to a high gray level and a voltage
corresponding to a low gray level, and outputs the voltage
corresponding to a high gray level and the voltage corre-
sponding to a low gray level to each channel connected to
the data line. In this connection, after, in a single horizontal
line period, the analog data voltage AData corresponding to
the high gray level or low gray level is output to each
channel, the DAC controller 350 controls the digital-analog
converter 330 to selectively output a middle gray level
voltage in a blank period. Then, the DAC controller 350
controls the analog-to-digital converter 330 to output an
analog data voltage AData corresponding to the high gray
level or low gray level to each channel in a subsequent single
horizontal line period.

[0056] Specifically, the DAC controller 350 generates an
output control signal SC and supplies the SC to the digital-
analog converter 330 such that the digital-analog converter
330 selectively outputs the data voltage corresponding to the
high gray level or the low gray level to each channel in a
single horizontal line period. Then, the DAC controller 350
supplies a first or second switching signal SC1 or SC2 to the
digital-analog converter 330 such that the digital-to-analog
converter 330 outputs the data voltage corresponding to the
middle gray level having a preset level in the blank period
after the single horizontal line period in which the data
voltage corresponding to the high gray level or the low gray
level is output. Then, the DAC controller 350 again supplies
an output control signal SC to the digital-to-analog converter
330 such that, in a subsequent single horizontal line period
after the blank period, the digital-analog converter 330 again
outputs an analog data voltage corresponding to the high
gray level or the low gray level to each channel.

[0057] FIG. 3 is a configuration diagram specifically illus-
trating a dual type digital-analog converter shown in FIG. 2
according to an embodiment of the present disclosure. FIG.
4 is a graph showing characteristics of low gray level-based
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and high gray level-based data voltages generated and
output by the dual type DAC of FIG. 3 according to an
embodiment of the present disclosure.

[0058] Referring to FIG. 3 and FIG. 4, the dual type
digital-analog converter 330 includes a divided-voltage out-
put module 3304 and a dual type amplification module 3304.
[0059] The divided-voltage output module 330a and the
dual type amplification module 3305 of the digital-analog
converter 330 are constituted in a corresponding manner to
each channel connected to the data line.

[0060] The divided-voltage output module 330a subdi-
vides the reference gamma voltage GMA_V into respective
gray level-based gamma voltages, and selects and outputs a
subdivided gray level-based gamma voltage according to a
gray level of the video data RData corresponding to each
sub-pixel. As shown in FIG. 4, GMA_RWGBI1 ... GMA_
RWGB9; GMA_C10 is the gamma voltage for each grada-
tion set in steps, and GO to G1023 are gray scale values.
[0061] Specifically, the divided-voltage output module
330a¢ includes a string of a plurality of resistors R to
subdivide the reference gamma voltage GMA_V into the
gray level-based gamma voltages, and a plurality of

switches B, b2, b3 for selecting and outputting a divided
voltage corresponding to each resistor R based on bit data of
the video data RData corresponding to each sub-pixel.
[0062] Each of the switches bl, b2, b3 is turned on
according to thit data of the video data RData to define each
current path between each resistor corresponding to each
divided voltage and the dual type amplification module
3305. In one example, in order to represent 255 gray levels
corresponding to 8 bits data, a string of about 256 resistors
as connected in series is required. Further, the number of the
plurality of switches b1, b2, b3 must be about 510 in order
to receive 8-bit data and select current paths based on the
8-bit data.

[0063] The divided-voltage output module 3304 defines a
low gray level current path such that gamma voltages
corresponding to #0 to #127 gray levels among 255 gray
levels corresponding to 8 bits are output to the low gray level
current path. A gamma voltage lower than a middle voltage
of the reference gamma voltage among the gray level-based
gamma voltages may be output along the low gray level
current path. Further, the divided-voltage output module
330a defines a high gray level current path such that gamma
voltages corresponding to #128 to #255 gray levels of the
255 gray levels corresponding to 8 bits are output to the high
gray level current path. A gamma voltage higher than a
middle voltage of the reference gamma voltage among the
gray level-based gamma voltages may be output along the
high gray level current path.

[0064] The dual type amplification module 3305 amplifies
the low gray level-based gamma voltage or high gray
level-based gamma voltage output from the divided-voltage
output module 330a using different amplifiers and outputs
the amplified gray level-based gamma voltage to each
channel. For this purpose, the dual type amplification mod-
ule 3305 includes a first amplifier OP1, a first switching
element SW1, a second amplifier OP2, a second switching

element SW2 , and an output switching element SW3.

[0065] Specifically, the first amplifier OP1 of the dual type
amplification module 3305 generates a first data voltage by
amplifying one of the high gray level gamma voltages
inputted through the high gray level current path of the
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divided-voltage output module 330a, and outputs the first
data voltage to the output switching element SW3.

[0066] When the first switching element SW1 is turned on
under control of the DAC controller 350, the first switching
element SW1 allows transmitting a preset middle voltage
Vref to the high gray level current path.

[0067] Further, the second amplifier OP2 of the dual type
amplification module 3305 generates a second data voltage
by amplifying one of the low gray level gamma voltages
inputted through the low gray level current path of the
divided-voltage output module 330qa, and outputs the second
data voltage to the output switching element SW3.

[0068] When the second switching element SW2 is turned
on under control of the DAC controller 350, the second
switching element SW2 allows transmitting a preset middle
voltage Vref to the low gray level current path.

[0069] The output switching element SW3 transmits the
data voltage output from the first amplifier OP1 or the
second amplifier OP2 and the middle voltage Vref to each
channel under the control of the DAC controller 350.
[0070] To this end, the DAC controller 350 feeds the
output control signal SC to the output switching element
SW3 such that the output switching element SW3 selects the
high gray level data voltage output through the first amplifier
OP1 or the low gray level data voltage output through the
second amplifier OP2 for a single horizontal line period and
transmits the selected voltage to a corresponding channel.
[0071] In response to the output control signal SC, the
output switching element SW3 then selects the high gray
level data voltage output through the first amplifier OP1

he low gray level data voltage output through the
second amplifier OP2 for a single horizontal line period and
transmits the selected voltage to the corresponding channel.
[0072] The DAC controller 350 transmits the first or
second switching signals SC1 and SC2 to the first or second
switching elements SW1 and SW2, respectively such that,
after the single horizontal line period in which the data
voltage corresponding to the high gray level or the low gray
level is transmitted to the corresponding channel through the
output switching element SW3, the middle voltage Vref of
the preset level is output to the corresponding channel in the
blank period. During the blank period, the output control
signal SC remains unchanged.

[0073] When the first switching signal SC1 is transmitted
to the first switching element SW1 in the blank period, the
first switching element SW1 is turned on to transmit the
middle voltage Vref to the high gray level current path.
Then, the middle voltage Vref is output to the channel
through the output switching element SW3.

[0074] When the second switching signal SC2 is trans-
mitted to the second switching element SW2 in the blank
period, the second switching element SW2 is turned on to
transmit the middle voltage Vref to the low gray level
current path. Then, the middle voltage Vref is output to the
channel through the output switching element SW3.
[0075] The DAC controller 350 supplies the output control
signal SC to the output switching element SW3 in a next
single horizontal line period after the blank period to select
the high gray level data voltage output through the first
amplifier OP1 or the low gray level data voltage output
through the second amplifier OP2 during a single horizontal
line period and transmit the selected voltage to the corre-
sponding channel.
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[0076] Thus, every horizontal line period, the output
switching element SW3 selects the high gray level data
voltage of the first amplifier OP1 or the low gray level data
voltage of the second amplifier OP2 for a single horizontal
line period in response to the output control signal SC, and
then transmits the selected data voltage to the corresponding
channel. Then, the middle voltage Vref may be output to the
corresponding channel every blank period as a period
between neighboring horizontal line periods.

[0077] FIG. 5 shows configuration and waveform dia-
grams sequentially illustrating the method of driving the
dual type amplification module shown in FIG. 3 according
to an embodiment of the present disclosure.

[0078] Specifically, FIG. 5 shows the driving method in
which, in a single horizontal line period, the dual type
amplification module 3305 outputs a data voltage corre-
sponding to a low gray level, then outputs a middle voltage
Vref in a blank period, and, then, in a next single horizontal
line period, outputs a data voltage corresponding to a high
gray level to the channel.

[0079] First, the DAC controller 350 reads a control
packet CP of the digital video data transmitted from the
timing controller 500 to the latch 320 for controlling of the
dual type amplification module 3305. Then, the DAC con-
troller 350 generates the output control signal SC, the first
and second switching signals SC1 and SC2 according to a
switching control signal included in the read control packet
CP, and transmits the generated output control signal SC,
first and second switching signals SC1 and SC2 to the
switching elements SW1 and SW2 and SW3 of the dual type
amplification module 3305.

[0080] The control packet CP is transmitted in a disable
period of the SOE signal as the blank period (for example,
in a signal period of a high logic). Thus, the DAC controller
350 reads the control packet CP every blank period and
generates the output control signal SC, first and second
switching signals SC1 and SC2 based on the control packet.
To this end, the timing controller 500 may configure the
video data Data so that the control packet CP is included in
a portion of the digital video data corresponding to the blank
period.

[0081] Referring to FIG. 5, the DAC controller 350 reads
the control packet CP and supplies the output control signal
SC having a high logic to the output switching element SW3
such that, for a single horizontal line period (1st AData Out),
the output switching element SW3 sends, to the channel, a
low gray level data voltage (3V) output through the second
amplifier OP2.

[0082] Thus, in response to the output control signal SC of
the high logic, the output switching element SW3 selects the
low gray level data voltage (3V) output through the second
amplifier OP2 for the single horizontal line period and
transmits the selected voltage to the corresponding channel
(a).

[0083] The DAC controller 350 transmits the second
switching signal SC2 together with the output control signal
SC to the second switching element SW2 such that, in a
blank period after the single horizontal line period in which
the data voltage corresponding to the low gray level is
transmitted to the channel through the output switching
element SW3, a middle voltage Vref (8V) is output to the
corresponding channel.

[0084] When the second switching signal SC2 is trans-
mitted to the second switching element SW2 in the blank
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period, the second switching element SW2 is turned on and
allows transmitting the middle voltage Vref (8V) to the low
gray level current path. Thus, the middle voltage Vref is
output to the channel (b) through the output switching
element SW3.

[0085] After the blank period, the DAC controller 350
supplies an output control signal SC having a low logic to
the output switching element SW3 such that, in a subsequent
single horizontal line period (2nd AData Out), the output
switching element SW3 transmits a high gray level data
voltage (12V) output through the first amplifier OP1 for a
single horizontal line period, to the channel (¢).

[0086] FIG. 6 shows configuration and waveform dia-
grams sequentially illustrating the method of driving the
dual type amplification module shown in FIG. 3 in accor-
dance with another embodiment.

[0087] Specifically, FIG. 6 shows the driving method in
which, in a single horizontal line period, the dual type
amplification module 3305 outputs a data voltage corre-
sponding to a high gray level, then outputs a middle voltage
Vref'in a blank period, and, then, in a next single horizontal
line period, outputs a data voltage corresponding to a low
gray level to the channel.

[0088] Referring to FIG. 6, the DAC controller 350 reads
the control packet CP and supplies the output control signal
SC having a low logic to the output switching element SW3
such that, for a single horizontal line period (1st AData Out),
the output switching element SW3 sends, to the channel, a
high gray level data voltage (12V) output through the first
amplifier OP1.

[0089] Thus, in response to the output control signal SC of
the low logic, the output switching element SW3 selects the
high gray level data voltage (12V) output through the first
amplifier OP1 for the single horizontal line period and
transmits the selected voltage to the corresponding channel
().

[0090] The DAC controller 350 transmits the first switch-
ing signal SC1 together with the output control signal SC to
the first switching element SW1 such that, in a blank period
after the single horizontal line period in which the data
voltage corresponding to the high gray level is transmitted to
the channel through the output switching element SW3, a
middle voltage Vref (8V) is output to the corresponding
channel.

[0091] When the first switching signal SC1 is transmitted
to the first switching element SW1 in the blank period, the
first switching element SW1 is turned on and allows trans-
mitting the middle voltage Vref (8V) to the high gray level
current path. Thus, the middle voltage Vref is output to the
channel (b) through the output switching element SW3.
[0092] After the blank period, the DAC controller 350
supplies an output control signal SC having a high logic to
the output switching element SW3 such that, in a subsequent
single horizontal line period (2nd AData Out), the output
switching element SW3 transmits a low gray level data
voltage (3V) output through the second amplifier OP2 for a
single horizontal line period, to the channel (c).

[0093] Thus, in each horizontal line period, the output
switching element SW3 responds to the output control signal
SC to select the high gray level data voltage output via the
first amplifier OP1, or the low gray level data voltage output
via the second amplifier OP2 for the single horizontal line
period and to output the selected data voltage to the corre-
sponding channel. Further, in each blank period between
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adjacent horizontal line periods, the middle voltage Vref is
output to the corresponding channel. This may improve a
response speed of the data voltage as necessary while
preventing the heat generation to a maximum extent.
[0094] FIG. 7 is a block diagram specifically illustrating
an organic light-emitting diode-based display device
equipped with a data driver according to a second embodi-
ment of the present disclosure. FIG. 8 is a configuration
diagram specifically illustrating a signal transmission struc-
ture of a timing controller, a gamma controller, a reference
gamma voltage generator, and a data driver shown in FIG.
7 according to an embodiment of the present disclosure.
[0095] As shown in FIG. 7 and FIG. 8, the organic
light-emitting diode-based display device according to the
present disclosure further includes a gamma controller 700.
The gamma controller 700 detects a difference voltage
between a sub-pixel-based analog data voltage correspond-
ing to a current single horizontal line and a sub-pixel-based
analog data voltage corresponding to a subsequent single
horizontal line. The gamma controller 700 outputs a middle
voltage varying signal GMS to vary the middle voltage Vref
based on the detected difference voltage. In this connection,
the gamma controller 700 is illustrated as a separate com-
ponent from the timing controller 500 for ease of descrip-
tion. However, the present disclosure is not limited thereto.
The gamma controller 700 may be configured to be included
in the timing controller 500.

[0096] Specifically, the gamma controller 700 receives
video data Data from the timing controller 500. The gamma
controller 700 sequentially compares the video data corre-
sponding to the current single horizontal line and the video
data corresponding to the subsequent single horizontal line.
Then, the gamma controller 700 detects a difference voltage
between the sub-pixel-based analog data voltage corre-
sponding to the current single horizontal line and the sub-
pixel-based analog data voltage corresponding to the sub-
sequent single horizontal line. The gamma controller 700
then generates the middle voltage varying signal GMS to
vary the level of the middle voltage Vref based on the
detected difference voltage. The gamma controller 700 then
feeds the GMS signal to the reference gamma voltage
generator 600.

[0097] FIG. 9 is a schematic diagram of the gamma
controller shown in FIG. 8 according to an embodiment of
the present disclosure.

[0098] The gamma controller 700 shown in FIG. 9
includes a video data storage 710, a voltage difference
acquisition unit 720, and a voltage controller 730.

[0099] The video data storage 710 receives the video data
Data from the timing controller 500 and stores the data
therein on at least one horizontal line basis and outputs the
data to the voltage difference acquisition unit 720. The video
data storage 710 has a memory structure and outputs the
video data such that the data outputting is delayed by at least
one horizontal line.

[0100] The voltage difference acquisition unit 720
receives the video data corresponding to the current single
horizontal line as stored in the video data storage 710 and
sequentially compares the video data corresponding to the
current single horizontal line with the video data corre-
sponding to the subsequent single horizontal line. The
voltage difference acquisition unit 720 then detects the
difference voltage between the sub-pixel-based analog data
voltage corresponding to the current single horizontal line
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and the sub-pixel-based analog data voltage corresponding
to the subsequent single horizontal line based on the com-
parison result. The voltage difference acquisition unit 720
then generates difference voltage data containing the differ-
ence voltage value for each sub-pixel and transmits the
difference voltage data to the voltage controller 730.
[0101] The voltage controller 730 sets the middle voltage
value for each sub-pixel such that the middle voltage Vref
for each sub-pixel is changed to a median voltage value or
median level of the difference voltage for each sub-pixel
(that is, a median voltage value of the difference voltage
value). Then, the voltage controller 730 generates a middle
voltage varying signal GMS(Vref) including the set middle
voltage value and transmits the GMS to the reference
gamma voltage generator 600.

[0102] The reference gamma voltage generator 600 varies
the middle voltage Vref on a horizontal line period basis
based on the middle voltage varying signal GMS supplied
from the gamma controller 700 on a horizontal line period
basis. Then, the varied middle voltage is transmitted to the
digital-analog converter 330.

[0103] As described above, the digital-analog converter
330 according to the present disclosure includes the divided-
voltage output module 330q and the dual type amplification
module 3305. The digital-analog converter 330 amplifies the
gamma voltages corresponding to the low gray level and the
high gray level using the dual amplifiers of the dual type
amplification module 3305 respectively. The amplified
gamma voltages are output to each channel. In this connec-
tion, the dual type amplification module 3305 outputs a
gamma voltage corresponding to a low gray level or a high
gray level to each of the channels Ch1 to Chn. The dual type
amplification module 3305 supplies the middle voltage Vref
having a variable voltage level to each of the channels Chl
to Chn for every blank period between adjacent horizontal
line periods. Based on the difference voltage between the
sub-pixel-based analog data voltage corresponding to the
current single horizontal line and the sub-pixel-based analog
data voltage corresponding to the subsequent single hori-
zontal line at every blank period, the level of the middle
voltage Vref is varied. Then, the varied middle voltage is
output to each channel.

[0104] FIG. 10 is configuration and waveform diagrams
for sequentially illustrating the driving method of the dual
type amplification module according to a second embodi-
ment of the present disclosure.

[0105] Specifically, FIG. 10 shows the driving method of
the dual type amplification module in which for a single
horizontal line period, the dual type amplification module
330) outputs a data voltage corresponding to a low gray
level, and, then, outputs a middle voltage Vref whose level
is varied to a median voltage value of the difference voltage
for each sub-pixel for a blank period, and, then, output a data
voltage corresponding to a high gray level to the channel in
a subsequent single horizontal line period.

[0106] Referring to FIG. 10, the DAC controller 350 reads
the control packet CP and supplies the output control signal
SC having a high logic to the output switching element SW3
such that, for a single horizontal line period (1st AData Out),
the output switching element SW3 sends, to the channel, a
low gray level data voltage (2V) output through the second
amplifier OP2.

[0107] Thus, in response to the output control signal SC of
the high logic, the output switching element SW3 selects the
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low gray level data voltage (2V) output through the second
amplifier OP2 for the single horizontal line period and
transmits the selected voltage to the corresponding channel
(a)-

[0108] The DAC controller 350 transmits the second
switching signal SC2 together with the output control signal
SC to the second switching element SW2 such that, in a
blank period after the single horizontal line period in which
the data voltage corresponding to the low gray level is
transmitted to the channel through the output switching
element SW3, a middle voltage Vref whose level is varied to
a median voltage level (7V) of the difference voltage for
each sub-pixel.

[0109] When the second switching signal SC2 is trans-
mitted to the second switching element SW2 in the blank
period, the second switching element SW2 is turned on and
allows transmitting the middle voltage Vref (7V) to the low
gray level current path. Thus, the middle voltage Vref is
output to the channel (b) through the output switching
element SW3.

[0110] After the blank period, the DAC controller 350
supplies an output control signal SC having a low logic to
the output switching element SW3 such that, in a subsequent
single horizontal line period (2nd AData Out), the output
switching element SW3 transmits a high gray level data
voltage (12V) output through the first amplifier OP1 for a
single horizontal line period, to the channel (c).

[0111] FIG. 11 is a block diagram illustrating a gamma
controller of an organic light-emitting diode (OLED) display
device according to a third embodiment of the present
disclosure.

[0112] The gamma controller 700 shown in FIG. 11
detects a difference voltage value between a sub-pixel-based
data voltage corresponding 1o a current single horizontal line
and a sub-pixel-based data voltage corresponding to a sub-
sequent single horizontal line. When the detected difference
voltage value is equal to or greater than a predetermined
reference voltage value RRef, the gamma controller 700
outputs the middle voltage varying signal GMS so that the
level of the middle voltage Vref is varied to the same voltage
value as the sub-pixel data voltage corresponding to a
following single horizontal line.

[0113] To this end, the gamma controller 700 may include
a video data storage 710, a middle voltage setting unit 740,
a data voltage analyzer 750, and a voltage controller 730.

[0114] The video data storage 710 receives the video data
Data from the timing controller 500, stores the data on at
least one horizontal line basis, and outputs the data to the
data voltage analyzer 750.

[0115] The data voltage analyzer 750 receives the video
data corresponding to the current single horizontal line
stored in the video data storage 710 and sequentially com-
pares the video data corresponding to the current single
horizontal line with the video data corresponding to the
subsequent single horizontal line. Then, the data voltage
analyzer 750 detects a difference voltage between a sub-
pixel-based analog data voltage corresponding to a current
single horizontal line and a sub-pixel-based analog data
voltage corresponding to a subsequent single horizontal line
according to the comparison result. When the detected
difference voltage value is equal to or higher than the
reference voltage value RRef preset by the middle voltage
setting unit 740, the data voltage analyzer 750 generates a
voltage varying data CD so that the middle voltage Vref is
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varied to the same voltage value as a sub-pixel-based data
voltage corresponding to the following single horizontal line
and transmits the voltage varying data CD to the voltage
controller 730.

[0116] The voltage controller 730 sets the middle voltage
value for each sub-pixel such that the level of the middle
voltage Vref level is varied to the same voltage value as the
sub-pixel-based data voltage corresponding to the following
single horizontal line based on voltage varying data the CD.
Then, the voltage controller 730 generates a middle voltage
varying signal GMS that includes the varied middle voltage
value and transmits the GMS to the reference gamma
voltage generator 600.

[0117] Inresponse, the reference gamma voltage generator
600 varies or maintains the middle level of the voltage level
on a horizontal line basis based on the middle voltage
varying signal GMS supplied from the gamma controller
700 on a horizontal line basis. Then, the middle voltage Vref
is transmitted to the digital-analog converter 330.

[0118] As described above, the digital-analog converter
330 according to the present disclosure includes the divided-
voltage output module 330q and the dual type amplification
module 3306. The dual type amplification module 3305
according to the third embodiment outputs a high gray level
data voltage output through the first amplifier OP1 or a low
gray level data voltage output through a second amplifier
OP2 for a single horizontal line period in response to
reception of the output control signal SC from the DAC
controller 350. The selected voltage is sent to the corre-
sponding channel.

[0119] In the blank period, in response to the first or
second switching signals SC1 and SC2, the middle voltage
Vref from the reference gamma voltage generator 600 input
via the first or second switching element SW1 or SW2 is
output to the channel through the output switching element
SW3. In this connection, the middle voltage Vref from the
reference gamma voltage generator 600 has a voltage value
level corresponding to the same level as the analog data
voltage of the sub-pixel corresponding to the subsequent
single horizontal line.

[0120] After the blank period, and in the subsequent single
horizontal line period, the output switching element SW3
selects the high gray level data voltage output through the
first amplifier OP1 or the low gray level data voltage output
through the second amplifier OP2 in response to the output
control signal SC. The selected voltage is sent to the
corresponding channel.

[0121] FIG. 12 is configuration and waveform diagrams
for sequentially illustrating the driving method of the dual
type amplification module according to a third embodiment
of the present disclosure.

[0122] Specifically, FIG. 12 shows the driving method of
the dual type amplification module in which for a single
horizontal line period, the dual type amplification module
3304 outputs a data voltage corresponding to a low gray
level, and, then, outputs a middle voltage Vref whose level
is varied to the same voltage level as the data voltage of the
sub-pixel corresponding to the subsequent single horizontal
line for a blank period, and, then, output a data voltage
corresponding to a high gray level to the channel in a
subsequent single horizontal line period.

[0123] Referring to FIG. 12, the DAC controller 350 reads
the control packet CP and supplies the output control signal
SC having a high logic to the output switching element SW3
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such that, for a single horizontal line period (1st AData Out),
the output switching element SW3 sends, to the channel, a
low gray level data voltage (2V) output through the second
amplifier OP2.

[0124] Thus, in response to the output control signal SC of
the high logic, the output switching element SW3 selects the
low gray level data voltage (2V) output through the second
amplifier OP2 for the single horizontal line period and
transmits the selected voltage to the corresponding channel
(a).

[0125] The DAC controller 350 transmits the second
switching signal SC2 together the output control signal SC
to the second switching element SW2 such that, in a blank
period after the single horizontal line period in which the
data voltage corresponding to the low gray level is trans-
mitted to the channel through the output switching element
SW3, a middle voltage Vref whose level is varied to the
same voltage level (12V) as the data voltage of the sub-pixel
corresponding to the subsequent single horizontal line.
[0126] When the second switching signal SC2 is trans-
mitted to the second switching element SW2 in the blank
period, the second switching element SW2 is turned on and
allows transmitting the middle voltage Vref (12V) to the low
gray level current path. Thus, the middle voltage Vref is

output to the channel
element SW3.

[0127] After the blank period, the DAC controller 350
supplies an output control signal SC having a low logic to
the output switching element SW3 such that, in a subsequent
single horizontal line period (2nd AData Out), the output
switching element SW3 transmits a high gray level data
voltage (12V) output through the first amplifier OP1 for a
single horizontal line period, to the channel (c).

[0128] In the organic light-emitting diode-based display
device and the method for driving the device according to
the embodiments of the present disclosure having various
technical features as described above, the data driver 300
divides the gray level-based gamma voltage for generating
the data voltage into a high gray level range and a low gray
level range. The high gray level and low gray level-based
gamma voltages are output through the dual amplifiers or
output stages, respectively to each of the data lines DL1 to
DLm. Accordingly, this may stabilize the driving of the data
driver 300 by reducing the amount of heat as generated
while preventing an increase in power consumption.
[0129] Further, the data driver 300 in accordance with the
present disclosure outputs the data voltage AData according
to the gray level of the video data Data, and then outputs the
gamma voltage Vref corresponding to the middle gray level
to the data line for a blank period as a period before
outputting the data voltage according to the gray level in the
subsequent horizontal line period. Therefore, this may
improve the displayed image quality by increasing the
varying speed of the data voltage according to the brightness
change of the displayed image.

[0130] Further, the data driver 300 in accordance with the
present disclosure analyzes the data voltage magnitude of
the currently displayed video data Data and the data voltage
magnitude of the subsequently displayed video data Data.
Then, the gamma voltage to be outputted to each of the data
lines DL1 to DLm for the blank period may be varied
according to the analysis result. Accordingly, this may
further increase the varying speed of the data voltage in

through the output switching

Jan. 9, 2020

correspondence with the brightness change of the displayed
image, and thus further improve the image quality of the
displayed image.

[0131] The present disclosure as described above is not
limited to the above-described embodiments and the accom-
panying drawings. It will be obvious to those skilled in the
art that various substitutions, modifications and variations
are possible without departing from the technical disclosure
of the present disclosure. Therefore, the scope of the present
disclosure is to be defined by the appended claims. It is
intended that all changes and modifications that come within
the meaning and range of equivalency of the claims and the
equivalents thereof be included within the scope of the
present disclosure.

What is claimed is:

1. An organic light-emitting diode-based display device

comprising:
an organic light-emitting diode-based display panel hav-
ing a plurality of pixel regions defined by a plurality of
gates and data lines;
a data driver configured to:
divide a reference gamma voltage into a gamma volt-
age corresponding to a high gray level and a gamma
voltage corresponding to a low gray level;

select one between the gamma voltage corresponding
to the high gray level and the gamma voltage cor-
responding to the low gray level based on a gray
level of video data; and

supply the selected one as data voltage through a
corresponding output stage among dual output stages
to a corresponding data line of the display panel,
wherein the dual output stages respectively corre-
spond to the gamma voltage corresponding to the
high gray level and the gamma voltage correspond-
ing to the low gray level; and

a digital-analog converter (DAC) controller configured to
control the data driver such that the selected one is
supplied through the corresponding output stage among
the dual output stages to the corresponding data line.

2. The organic light-emitting diode-based display device

of claim 1, wherein the data driver includes:
a shift register for outputting a sampling signal;
a latch for sequentially sampling sub-pixel-based video
data and outputting sampled sub-pixel-based video data
corresponding to a single horizontal line; and
wherein the DAC controller is configured to:
subdivide the reference gamma voltage into respective
gray level-based gamma voltages;

determine a gray level-based gamma voltage from the
subdivided gray level-based gamma voltages based
on the sampled sub-pixel-based video data;

select the one of the gamma voltage corresponding to
the high gray level and the gamma voltage corre-
sponding to the low gray level based on the deter-
mined gray level-based gamma voltage; and

supplying the selected one to the corresponding output
stage among the dual output stages.

3. The organic light-emitting diode-based display device

of claim 2, wherein the DAC controller includes:

a divided-voltage output module configured to:
subdivide the reference gamma voltage into the respec-

tive gray level-based gamma voltages; and
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determine the gray level-based gamma voltage from the
subdivided gray level-based gamma voltages based
on the sampled sub-pixel-based video data;

select the one of the gamma voltage corresponding to
the high gray level and the gamma voltage corre-
sponding to the low gray level based on the deter-
mined gray level-based gamma voltage; and

supply the selected one to the corresponding output
stage among the dual output stages; and

a dual type amplification module including the dual
output stages, wherein the dual type amplification
module includes dual amplifiers, wherein the dual type
amplification module is configured to receive the
selected one and to amplify the selected one using
corresponding one between the dual amplifiers and to
output the amplified one to a corresponding data line.

4. The organic light-emitting diode-based display device
of claim 3, wherein the divided-voltage output module
includes:

aseries string of a plurality of resistors for subdividing the
reference gamma voltage into the respective gray level-
based gamma voltages;

a plurality of switches connected to the plurality of
resistors, wherein the DAC controller controls the
plurality of switches to select and output one of the
sub-divided gamma voltages corresponding to the
resistors based on a bit value of the sub-pixel-based
video data;

a low gray level current path along which a gamma
voltage lower than a middle voltage of the reference
gamma voltage among the gray level-based gamma
voltages is output; and

a high gray level current path along which a gamma
voltage higher than the middle voltage of the reference
gamma voltage among the gray level-based gamma
voltages is output.

5. The organic light-emitting diode-based display device
of claim 4, wherein the dual type amplification module
includes:

a first amplifier for amplifying a gamma voltage input
through the high gray level current path and outputting
the amplified voltage input through the high gray level
current path as a first data voltage;

a first switching element for transmitting the middle
voltage to the high gray level current path under control
of the DAC controller;

a second amplifier for amplifying a gamma voltage input
through the low gray level current path and outputting
the amplified voltage input through the low gray level
current path as a second data voltage;

a second switching element for transmitting the middle
voltage to the low gray level current path under control
of the DAC controller; and

an output switching element for transmitting the middle
voltage, and the first data voltage or the second data
voltage to a corresponding data line under control of
the DAC controller.

6. The organic light-emitting diode-based display device
of claim 5, wherein the DAC controller generates a first
output control signal and supplies the first output control
signal to the output switching element such that, in a single
horizontal line period, the output switching element selects
either a high gray level data voltage output through the first
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amplifier or a low gray level data voltage output through the
second amplifier and outputs the selected one to a corre-
sponding data line,
wherein the DAC controller generates and sends a first
switching signal or a second switching signal to the first
switching element or the second switching element
such that, in a blank period after the single horizontal
line period, the middle voltage corresponding to a
preset level is output to the corresponding data line,
wherein the DAC controller generates a second output
control signal and supplies the second output control
signal to the output switching element such that, in a
subsequent single horizontal line period after the blank
period, the output switching element selects either a
high gray level data voltage output through the first
amplifier or a low gray level data voltage output
through the second amplifier and outputs the selected
one to the corresponding data line.
7. The organic light-emitting diode-based display device
of claim 5, wherein the device further comprises:
a gamma controller configured to:
determine a difference voltage between a sub-pixel-
based data voltage corresponding to a current single
horizontal line and a sub-pixel-based data voltage
corresponding to a subsequent single horizontal line;
and
generate and output a middle voltage varying signal to
vary a level of the middle voltage based on the
detected difference voltage; and
a reference gamma voltage generator configured to:
vary a level of the middle voltage on a horizontal line
basis based on the middle voltage varying signal
supplied from the gamma controller on a horizontal
line basis; and
transmit the varied middle voltage to the first switching
element and the second switching element of the
dual type amplification module.
8. The organic light-emitting diode-based display device
of claim 7, wherein the gamma controller includes:
a video data storage for receiving and storing the video
data on at least one horizontal line basis;
a voltage difference acquisition unit configured to:
receive video data corresponding to the current single
horizontal line stored in the video data storage, and
sequentially comparing the video data corresponding
to the current single horizontal line with video data
corresponding to the subsequent single horizontal
line;
determine the difference voltage between the sub-pixel-
based analog data voltage corresponding to the cur-
rent single horizontal line and the sub-pixel-based
analog data voltage corresponding to the subsequent
single horizontal line; and
output difference voltage data including the difference
voltage value for each sub-pixel; and
a voltage controller configured to:
adjust, based on the difference voltage data, the middle
voltage for each sub-pixel to a median level between
the sub-pixel-based analog data voltage correspond-
ing to the current single horizontal line and the
sub-pixel-based analog data voltage corresponding
to the subsequent single horizontal line; and
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generate a middle voltage varying signal containing the
median level and transmitting the middle voltage
varying signal to the reference gamma voltage gen-
erator.

9. The organic light-emitting diode-based display device
of claim 8, wherein the DAC controller generates a first
output control signal and supplies the first output control
signal to the output switching element such that, in a single
horizontal line period, the output switching element selects
either a high gray level data voltage output through the first
amplifier or a low gray level data voltage output through the
second amplifier and outputs the selected one to a corre-
sponding data line,

wherein the DAC controller generates and sends a first
switching signal or a second switching signal to the first
switching element or the second switching element
such that, in a blank period after the single horizontal
line period, the middle voltage having the median level
is output to the corresponding data line,

wherein the DAC controller generates a second output
control signal and supplies the second output control
signal to the output switching element such that, in a
subsequent single horizontal line period after the blank
period, the output switching element selects either a
high gray level data voltage output through the first
amplifier or a low gray level data voltage output
through the second amplifier and outputs the selected
one to the corresponding data line.

10. The organic light-emitting diode-based display device

of claim 5, wherein the device further comprises:
a gamma controller configured to:
determine a difference voltage between a sub-pixel-
based data voltage corresponding to a current single
horizontal line and a sub-pixel-based data voltage
corresponding to a subsequent single horizontal line;
and

when the detected difference voltage value is greater
than or equal to a preset reference voltage value,
generate and output a middle voltage varying signal
to vary a level of the middle voltage to the same
voltage level as the sub-pixel data voltage corre-
sponding to the subsequent single horizontal line;
and

a reference gamma voltage generator configured to:
vary or maintain the middle voltage level based on the

middle voltage varying signal supplied from the
gamma controller on a horizontal line basis; and
transmit the varied or maintained middle voltage to the
first switching element and the second switching
element of the dual type amplification module.

11. A method for operating an organic light-emitting
diode-based display device, the method comprising:

(a) sequentially supplying a gate-on signal to gate lines of
an organic light-emitting diode-based display panel
having a plurality of pixel regions defined therein;

(b) dividing a reference gamma voltage into a gamma
voltage corresponding to a high gray level and a
gamma voltage corresponding to a low gray level;

(c) selecting one between the gamma voltage correspond-
ing to the high gray level and the gamma voltage
corresponding to the low gray level based on a gray
level of video data;

(d) supplying the selected one as data voltage through a
corresponding output stage among dual output stages to
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a corresponding data line of the display panel, wherein
the dual output stages respectively correspond to the
gamma voltage corresponding to the high gray level
and the gamma voltage corresponding to the low gray
level; and

(e) controlling a digital-analog converter such that the

selected one is supplied through the corresponding
output stage among the dual output stages to the
corresponding data line.

12. The method of claim 11, wherein (b) to (d) include:

outputting a sampling signal through a shift register;
sequentially sampling sub-pixel-based video data on a
single horizontal line basis using the sampling signal;

subdividing, by the digital-analog converter, the reference
gamma voltage into respective gray level-based gamma
voltages;

determining, by the digital-analog converter, a gray level-

based gamma voltage from the subdivided gray level-
based gamma voltages based on the sampled sub-pixel-
based video data;

selecting, by the digital-analog converter, the one of the

gamma voltage corresponding to the high gray level
and the gamma voltage corresponding to the low gray
level based on the determined gray level-based gamma
voltage; and

supplving, by the digital-analog converter, the selected

one to the corresponding output stage among the dual
output stages.

13. The method of claim 12, wherein (e) includes:

controlling the digital-analog converter by a DAC con-

troller such that the selected one is supplied through the
corresponding output stage among the dual output
stages to the corresponding data line; and

controlling the digital-analog converter by the DAC con-

troller such that, after supplying the selected one, a data
voltage corresponding to a predetermined middle gray
level is output to the corresponding data line.
14. The method of claim 13, wherein (b) to (d) include:
subdividing, by a divided-voltage output module of the
digital-analog converter, the reference gamma voltage
into the respective gray level-based gamma voltages;

determining, by the divided-voltage output module of the
digital-analog converter, the gray level-based gamma
voltage from the subdivided gray level-based gamma
voltages based on the sampled sub-pixel-based video
data;

selecting, by the divided-voltage output module of the

digital-analog converter, the one of the gamma voltage
corresponding to the high gray level and the gamma
voltage corresponding to the low gray level based on
the determined gray level-based gamma voltage and
supplying the selected one;

amplifying and outputting the selected one by a dual type

amplification module, wherein the dual type amplifi-
cation module includes duval amplifiers, wherein the
dual type amplification module amplifies the selected
one using corresponding one between the dual ampli-
fiers and outputs the amplified one to the corresponding
data line.

15. The method of claim 14, wherein amplifying and
outputting the selected one by the dual type amplification
module includes:

amplifying the gamma voltage corresponding to the high

gray level input through a high gray level current path
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using a first amplifier and outputting the amplified
voltage input through the high gray level current path
as a first data voltage through an output switching
element;

transmitting a middle voltage through a first switching
element to the high gray level current path under
control of the DAC controller;

amplifying the gamma voltage corresponding to the low
gray level input through a low gray level current path
using a second amplifier and outputting the amplified
voltage input through the low gray level current path as
a second data voltage through the output switching
element;

transmitting the middle voltage through a second switch-
ing element to the low gray level current path under
control of the DAC controller; and

transmitting the middle voltage, and the first data voltage
or the second data voltage through the output switching
element to the corresponding data line.

16. The method of claim 15, wherein amplifying and
outputting the selected one by the dual type amplification
module includes:

(i) determining, by a gamma controller, a difference
voltage between a sub-pixel-based data voltage corre-
sponding to a current single horizontal line and a
sub-pixel-based data voltage corresponding to a sub-
sequent single horizontal line;

(i) generating and outputting, by the gamma controller, a
middle voltage varying signal to vary a level of the
middle voltage based on the detected difference volt-
age;

(iii) varying, by a reference gamma voltage generator, a
level of the middle voltage level based on the middle
voltage varying signal supplied from the gamma con-
troller on a horizontal line basis; and

(iv) transmitting, by the reference gamma voltage gen-
erator, the varied middle voltage to the first switching
element and the second switching element of the dual
type amplification module.

17. The method of claim 16, wherein (i) to (iv) include:

receiving and storing, by a video data storage, the video
data on at least one horizontal line basis;

receiving, by a voltage difference acquisition unit, video
data corresponding to the current single horizontal line
stored in the video data storage, and sequentially com-
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paring the video data corresponding to the current
single horizontal line with video data corresponding to
the subsequent single horizontal line;

determining, by the voltage difference acquisition unit,
the difference voltage between the sub-pixel-based
analog data voltage corresponding to the current single
horizontal line and the sub-pixel-based analog data
voltage corresponding to the subsequent single hori-
zontal line;

outputting, by the voltage difference acquisition unit,
difference voltage data including the difference voltage
value for each sub-pixel,

adjusting, based on the difference voltage data, the middle
voltage for each sub-pixel to a median level between
the sub-pixel-based analog data voltage corresponding
to the current single horizontal line and the sub-pixel-
based analog data voltage corresponding to the subse-
quent single horizontal line; and

transmitting the adjusted middle voltage to the first and
second switching elements of the dual type amplifica-
tion module.

18. The method of claim 15, wherein amplifying and
outputting the selected one by the dual type amplification
module includes:

determining a difference voltage between a sub-pixel-
based data voltage corresponding to a current single
horizontal line and a sub-pixel-based data voltage cor-
responding to a subsequent single horizontal line;

when the detected difference voltage value is greater than
or equal to a preset reference voltage value, generating
and outputting a middle voltage varying signal to vary
a level of the middle voltage to the same voltage level
as the sub-pixel data voltage corresponding to the
subsequent single horizontal line;

varying or maintaining a level of the middle voltage on a
horizontal line basis based on the middle voltage vary-
ing signal supplied from the gamma controller on a
horizontal line basis; and

transmitting the varied or maintained middle voltage to
the first switching element and the second switching
element of the dual type amplification module.

* ok % k&



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

ETANRA-RENEREKER AR F %

US20200013344A1 NI (»&E)B
US16/503088 RiEHR
REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

patsnap

2020-01-09

2019-07-03

300

—

—

SC

1 Shift register |_/
| S—

SAM

| Latch

FRIZEAA HAM JONGSIK

KA JEON, WONSIK
HAM, JONGSIK

IPCo S G09G3/3275 G09G3/20

CPCHk5 G09G2320/0673 G09G2310/027 G09G2310/0291 G09G3/2074 G09G2330/021 G09G2310/0286
G09G2320/041 G09G3/2011 G09G3/3275 G09G3/3225 G09G3/3291 G09G2330/045 G09G3/20

L&A 1020180079027 2018-07-06 KR

S\EBEEE Espacenet USPTO

BEGR) 500

AFT-—RETENEN -RENS REBNATREEBNS .

ARG T EEETANE X - RENE RER ; URERER. X -

RS ATNSEMBEES NS RERAEX R E — D e E controler

SR RERABT R E =MD E ; BT WAz R R — A

EoMBEE 2 ERE—A . B R D RO R R IR AR

—A | BRI RS BIXT BT 5 — 10 e RS = IS R R, 600

Reference gamma
voltage generator

DAC controller

| Output

RData

Digital-analog converter |~

AData

buffer |~

310

320

330

340

Vout(Ch

1~Chn)


https://share-analytics.zhihuiya.com/view/6277cc75-f2b9-46c2-aaab-de7872101224
https://worldwide.espacenet.com/patent/search/family/069101455/publication/US2020013344A1?q=US2020013344A1
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=%2220200013344%22.PGNR.&OS=DN/20200013344&RS=DN/20200013344

