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7 ABSTRACT

A liquid crystal display includes a display unit having a
plurality of pixels in a plurality of first rows and second rows
that are alternately arranged. A gate driver supplies a same
scan signal to a plurality of pixels of a first row and a second
row that are adjacent to each other among the plurality of
first rows of pixels and the plurality of second rows of pixels
at a first frame period and a second frame period that are
continuous. A plurality of scan signals are respectively
supplied to the plurality of second rows of pixels at the
second frame period. A data driver generates a plurality of
data voltages respectively corresponding to the plurality of
first rows of pixels at the first frame period and generating
a plurality of data voltages respectively corresponding to the
plurality of second rows of pixels at the second frame
period.

20 Claims, 9 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Korean Patent Application No. 10-2016-0022028 filed in the
Korean Intellectual Property Office on Feb. 24, 2016, the
entire contents of which are incorporated by reference
herein.

BACKGROUND

1. Technical Field

The described technology relates generally to a liquid
crystal display and a driving method thereof.

2. Discussion of the Related Art

A liquid crystal display includes a common electrode, a
pixel electrode of each pixel, and a liquid crystal layer. A
liquid crystal arrangement of the liquid crystal layer formed
between the common electrode and the pixel electrode is
controlled. For example, an amplitude and a phase of light
emitted from a backlight depending on the liquid crystal
arrangement that is controlled corresponding to each pixel is
determined, and a plurality of lights corresponding to the
plurality of pixels are combined, thereby realizing a display
image.

The liquid crystal display includes a 3D liquid crystal
display. In the 3D liquid crystal display, a 3D crosstalk
phenomenon (in which a left eye image and a right eye
image interfere with each other), may be reduced by dis-
playing each frame configuring the image with a speed of
240 Hz or more.

However, when manufacturing a display panel having a
charge rate characteristic that is optimized for the 240 Hz
frame speed, a size of a thin film transistor (TFT) increases,
and resultantly, a display area is reduced such that a trans-
mittance reduction is generated.

Accordingly, when the display panel having a charge rate
characteristic that is optimized for the 240 Hz frame speed
is operated, it may be desirable to display the image at 240
Hz by applying a gate doubling driving method.

When using a conventional gate doubling driving method,
the display speed of the frame is raised to 240 Hz by
simultaneously driving two pixel rows. However, by simul-
taneously driving two pixels rows, a vertical resolution is
reduced by half.

The above information disclosed in this Background
section is provided only for enhancement of understanding
of the background of the described technology and therefore
it may contain information that does not form the prior art
that is already known in this country to a person of ordinary
skill in the art.

SUMMARY

Embodiments of the inventive concept provide a liquid
crystal display and a driving method thereof that may
increase the display speed of a frame and can minimize the
resolution deterioration by using an amended gate doubling
driving method.

A liquid crystal display according to an embodiment of
the inventive concept includes a display unit including: a
plurality of first rows of pixels and a plurality of second rows
of pixels that are alternately arranged; a gate driver supply-
ing the same scan signal to the plurality of pixels of a first
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row and a second row adjacent to each other from among the
plurality of first rows of pixels and the plurality of second
rows of pixels at a first frame period and a second frame
period that are continuous, and respectively supplies a
plurality of scan signals to the plurality of second rows at the
second frame period; and a data driver generating a plurality
of data voltages respectively corresponding to the plurality
of pixels of the plurality of first rows at the first frame period
and generate a plurality of data voltages respectively corre-
sponding to the plurality of second rows at the second frame
period.

The data driver may sequentially supply a first row data
voltage corresponding to the pixels positioned at the plural-
ity of first rows by a unit of the pixel row at the first frame
period, and may sequentially supply a second row data
voltage corresponding to the pixels positioned at the plural-
ity of the second rows by a unit of the pixel row at the second
frame period.

The gate driver may substantially simultaneously supply
the scan signal to the pixels of the first row corresponding to
the first row data voltage and the pixels of the second row
adjacent to the first row at the first frame period, and may
supply the scan signal to the pixels of the second row
corresponding to the second row data voltage at the second
frame period.

The pixels positioned at the plurality of first rows may
maintain the first row data voltage at the second frame
period.

The display unit may display a first frame image at the
first frame period and a second frame image at the second
frame period, and the first and second frame images may be
overlapped to express (e.g. display) an original image, for
example, in 3D.

The liquid crystal display may further include a timing
controller that includes circuitry configured to convert an
input image signal received from the outside into a data
image signal to be supplied to the data driver, the data image
signal may include a first data image signal corresponding to
the first row data voltage and a second data image signal
corresponding to the second row data voltage, and the timing
controller may generate the second data image signal with
reference to the first data image signal.

The timing controller may determine the second data
image signal so that a sum of a luminance displayed corre-
sponding to the first row data voltage and a luminance
displayed corresponding to the second row data voltage
becomes (e.g. results in) a luminance displayed by the
original image at the second row pixel.

The timing controller may include a preprocessing logic
to convert the input image signal into the data image signal
of a format that is compatible with the data driver, a frame
memory having a capacity to store the data image signal
corresponding to at least one frame image, and a line
correction logic that receives the first data image signal from
the frame memory and corrects the second data image signal
with reference to the first data image signal.

A driving method of a liquid crystal display according to
an embodiment of the inventive concept may include: sup-
plying, by a data driver, a data voltage corresponding to each
pixel through a data driver by a unit of a pixel row;
supplying, by a gate driver, a scan signal allowing input of
the data voltage to the pixel by the unit of the pixel row; and
displaying, by a display unit, a display image corresponding
to the data voltage including a plurality of pixels at a
plurality of first rows and second rows that are alternated,
wherein the gate driver supplies a same scan signal to the
plurality of pixels of the first row and the second row
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adjacent to each other from among the plurality of first rows
of pixels and the plurality of second rows of pixels at the first
frame period of the first frame period and the second frame
period, and respectively supplies a plurality of scan signals
to a plurality of pixels of the plurality of second rows at the
second frame period, and the data driver generates a plural-
ity of data voltages respectively corresponding to the plu-
rality of first rows at the first frame period and generates a
plurality of data voltages respectively corresponding to the
plurality of second rows at the second frame period.

The operation of supplying the data voltage by the unit of
the pixel row may include: sequentially supplying the first
row data voltage corresponding to the pixels positioned in
the plurality of first rows of pixels at the first frame period
by the unit of the pixel row; and sequentially supplying the
second row data voltage corresponding to the pixels posi-
tioned in the plurality of second rows of pixels at the second
frame period by the unit of the pixel row.

The operation of supplying the scan signal by the unit of
the row may include: substantially simultaneously supplying
the scan signal to the pixel of the first row corresponding to
the first row data voltage and the pixel of the second row
adjacent to the first row at the first frame period; and
supplying the scan signal to the pixel of the second row
corresponding to the second row data voltage at the second
frame period.

The pixels positioned in the plurality of first rows may
maintain the first row data voltage during the second frame
period.

The operation of displaying the display image corre-
sponding to the data voltage may include: displaying a first
frame image at the first frame period; and displaying a
second frame image at the second frame period, wherein the
first and second frame images may be overlapped to display
an original image.

The driving method of the liquid crystal display may
further include converting an input image signal received
from the outside into a data image signal through a timing
controller to be supplied to the data driver, wherein the data
image signal may include a first data image signal corre-
sponding to the first row data voltage and a second data
image signal corresponding to the second row data voltage,
and the timing controller may generate the second data
image signal with reference to the first data image signal.

The timing controller may determine the second data
image signal so that a sum of a luminance displayed corre-
sponding to the first row data voltage and a luminance
displayed corresponding to the second row data voltage
results in a luminance displayed by the original image at the
second row pixel.

A display device according to an embodiment of the
inventive concept may include a plurality of gate lines and
a plurality of data lines; a liquid crystal display including a
plurality of pixels arranged in a plurality of first rows and
second rows that alternate, and each pixel includes a switch-
ing element connected to one or more of the plurality of gate
lines and one or more of the plurality of data lines; a gate
driver may be configured to output a pair of adjacent rows
of pixels via at least one of the gate lines a first scan signal
comprising one of the first rows of pixels and one of the
second rows of pixels to generate a first frame image at a first
frame period, and the gate driver may be configured to
output a second scan signal to one row of the pair of adjacent
first and second rows of pixels to generate a second frame
image; and a data driver that at the first frame period may
generate a plurality of data voltages respectively corre-
sponding to the plurality of first rows of pixels, and the data
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driver may generate at the second frame period a plurality of
data voltages respectively corresponding to the plurality of
second rows of pixels; and the data driver may supply, via
the plurality of data lines, data voltages corresponding to the
first and second rows of pixels.

At the second the second frame period, one row of the pair
of adjacent rows of pixels may receive the second scan
signal and generate the second frame image, and the other
row of the pair of adjacent rows of pixels may maintain
respective data voltages from the first frame period.

In the second frame period, the data driver may substan-
tially simultaneously supply the data voltages to the pixels
of the one row of the pair of adjacent first and second rows
of pixels.

In the first frame period the gate driver outputs a respec-
tive scan signal to at least one other pair of adjacent first and
second rows of pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic of a liquid crystal display accord-
ing to an embodiment of the inventive concept;

FIG. 1B illustrates a timing controller according to an
embodiment of the inventive concept;

FIG. 1C illustrates one pixel of a display unit;

FIG. 2 illustrates an exemplary original image;

FIG. 3A is a timing diagram of a scan signal supplied at
a first frame period,

FIG. 3B is an illustration of a luminance of each pixel of
a first frame image displayed at a first frame period,

FIG. 4A is a timing diagram of a scan signal supplied at
a second frame period,

FIG. 4B is an illustration of a luminance of each pixel of
a second frame image displayed at a second frame period,

FIG. 5 illustrates a realization image in which a first frame
image and a second frame image are overlapped; and

FIG. 6 illustrates a data voltage and a luminance during a
process of determining an even row data voltage of each
pixel of a second frame image.

DETAILED DESCRIPTION

The present disclosure describes the inventive concept
more fully hereinafter with reference to the accompanying
drawings, in which embodiments of the inventive concept
are shown. As those skilled in the art would realize, the
described embodiments may be modified in many different
ways, all without departing from the spirit or scope of the
present disclosure.

To clearly describe embodiments of the inventive con-
cept, portions which do not relate to the description are
omitted, and like reference numerals designate like elements
throughout the specification. Accordingly, reference numer-
als for elements illustrated in a previous drawing may be
used in a following drawing.

Further, the drawings are not to scale, thus, the size and
thickness of each component shown in the drawings are
arbitrarily shown for better understanding and ease of
description, but the present disclosure is not limited thereto.
In the drawings, the thickness of layers, films, panels,
regions, etc., may be exaggerated for clarity.

Electrically connecting two elements includes not only
directly connecting two elements but also includes, for
example, connecting two elements with another element
there between. The other element may include a switch, a
resistor, a capacitor, etc.
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FIG. 1A is a schematic of a liquid crystal display accord-
ing to an embodiment of the inventive concept.

Referring to FIG. 1A,a liquid crystal display 10 according
to an embodiment includes a timing controller 100, a data
driver 200, a gate driver 300, and a display unit 400.

The timing controller 100, which includes circuitry con-
figured for operation, receives an external input signal from
an external graphics controller (not shown). The external
input signal may include an input image signal ImS and an
input control signal ImC.

The input image signal ImS includes luminance informa-
tion of each pixel, and the luminance may correspond to a
predetermined number, for example, 1024, 512, 256, 128, or
64 grays. The input image signal ImC may exist for each
color such as red, green, blue, and the like. The input image
signal ImS may be converted into a data image signal DATA
that may be used in the data driver 200 depending on
processing of the timing controller 100. The data image
signal DATA may include a first data image signal corre-
sponding to a first frame image and a second data image
signal corresponding to a second frame image.

The first frame according to an embodiment of the inven-
tive concept may be one of an odd-numbered and an
even-numbered frame, and the second frame may be the
other of the odd-numbered and the even-numbered frame.
Hereinafter, the first frame is the odd-numbered frame and
the second frame is the even-numbered frame.

The input control signal ImC may include a vertical
synchronization signal, a horizontal synchronization signal,
a main clock signal, a data enable signal, and the like. The
input control signal ImC may be converted into a data
control signal CONT1 and a gate control signal CONT2.
The gate control signal CONT2 may include a scan signal,
a scan start signal instructing a supply start of the scan
signal, and a scan clock signal controlling an output cycle of
an on-voltage of the scan signal. The data control signal
CONT1 includes a horizontal synchronization start signal
informing of the start of transmission of an image signal for
one pixel row, a data load signal applying a plurality of data
voltages to a plurality of data lines D1, D2, D3, . .., Dn, and
a data clock signal. The data control signal CONT1 may
further include a polarity inversion signal for inverting a
polarity of the data voltage for the common voltage of every
frame, pixel row, or pixel array.

The timing controller 100 may output the generated data
image signal DATA and data control signal CONT1 to the
data driver 200 and the gate control signal CONT2 to the
gate driver 300. The timing controller 100 may output the
first data image signal to display the image to the data driver
200 at the first frame period, and the second data image
signal to the data driver 200 to display the image at the
second frame period.

The data driver 200 supplies the data voltage correspond-
ing to each pixel to a unit of the pixel row. The data driver
200 generates a plurality of data voltages VD[1], VD|2],
VDI3], ..., VD|[n] by using the received data image signal
DATA and data control signal CONTI, and supplies the
plurality of data voltages VD[1], VD[2], VD[3], ..., VD[n]
to the data lines D1, D2, D3, . . ., Dn by the unit of the pixel
row. The data driver 200 converts the first data image signal
into a plurality of data voltages VD[1], VD|2],
VDI3],.. ., VD[n] corresponding to the odd rows during the
first frame period to be supplied to the plurality of data lines
D1, D2, D3, ..., Dn. Also, the data driver 200 converts the
second data image signal into a plurality of data voltages
VD[1], VD[2], VD[3], . .., VD[n] corresponding to the even
rows during the second frame period to be supplied to the
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plurality of data lines D1, D2, D3, . .., Dn. The data driver
200 may include a plurality of data driving Integrated
Circuits (IC’s) depending on the pixel resolution and the
performance of the liquid crystal display 10.

The gate driver 300 respectively supplies a plurality of
scan signals G[1], G[2], G[3], . . ., G[m] allowing an input
of the plurality of data voltage VD[1], VD[2], VD[3], . . .,
VDIn] to the plurality of pixels by the unit of the pixel row.
The gate driver 300 may supply a plurality of scan signals
G[1], G[2], G[3], . . . , G[m] generated depending on the
received gate control signal CONT2 to the corresponding
gate lines G1, G2, G3, . . ., Gm. The gate driver 300 may
sequentially supply a same scan signal at the first frame
period by the unit of two gate lines and may sequentially
supply the scan signal to the even numbered gate lines
G2,...,Gm at the second frame period. The gate driver 300
may include a plurality of gate driving ICs depending on the
pixel resolution and the performance of the liquid crystal
display 10.

The display unit 400 includes a plurality of pixels posi-
tioned at a plurality of odd rows and even rows that alternate.
For example, the pixels PX,, PX,,, PX,;, ..., PX,,, and
PX,,, PX,,, PX,,, .. ., PX,, are positioned at the plurality
of odd rows, and the pixels PX, |, PX,,, PX,,, ..., PX,, are
positioned at one of the plurality of even rows. In order to
implement a color display, each pixel displays one of the
primary colors depending on the pixel arrangement by
spatial division, or alternately displays the primary colors by
temporal division to recognize a desired color as a spatial or
temporal sum of the primary colors. The primary colors may
include red, green, blue, yellow, cyan, magenta, and the like.

The display unit 400 may display the first frame image at
the first frame period and the second frame image at the
second frame period. In the present embodiment, the first
frame image and the second frame image are overlapped to
display an original image.

FIG. 1B is a view illustrating a timing controller accord-
ing to an embodiment of the inventive concept.

Referring to FI1G. 1B,the timing controller 100 according
to an embodiment includes a preprocessing logic 110q, a
frame memory 120q, and a line correction logic 130a.

The preprocessing logic 110a and the line correction logic
130q are shown in a divided state for a functional explana-
tion, and may be manufactured by one digital signal pro-
cessor, one microprocessor, or one 1C (integrated circuit) by
a person of ordinary skill in the art. The person of ordinary
skill in the art may realize the preprocessing logic 110a and
the line correction logic 130a through programming.

The frame memory 120a is a non-transitory memory
having capacity sufficient to store the data image signal
corresponding to at least one frame image. In the present
embodiment, the frame memory 120q has a capacity suffi-
cient to store the first data image signal. For example, the
frame memory 120a¢ may have capacity sufficient to store
image information of 1920%540 resolution.

The input image signal ImS received through the input
line TT may be converted into the data image signal DATA
through the preprocessing logic 110a. The preprocessing
logic 110a may convert the input image signal into a data
image signal of a format that may be used by the data driver
200 to be suitable for specification(s) of the liquid crystal
display 10 (e.g., a horizontal-vertical resolution of the pixel,
a number and a specification of the data driving IC, a gray
number to be displayed, etc.).

The preprocessing logic 110¢ may convert the input
image signal ImS into the first data image signal during the
first frame period. For example, if the display unit 400 of
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FIG. 1A has the plurality of pixels of 1920*1080 and the
input image signal ImS includes the image information of
the original image having a full-HD resolution of
1920%1080, the preprocessing logic 110a may extract the
image information of 1920%540 corresponding to the odd
row pixel of the display unit 400 to be converted into the first
data image signal. As another example, the input image
signal ImS includes the image information of 1920*540 that
is a half of the original image, and if this image information
corresponds to the odd row pixel of the display unit 400, the
preprocessing logic 110a may directly convert the image
information of 1920%540 into the first data image signal as
it is.

With reference to FIG. 1B, the generated first data image
signal is stored by the frame memory 1204 through a path L1
and is output to the data driver 200 through the path 1.3 and
the output line TO.

The preprocessing logic 110a may convert the input
image signal ImS to be displayed during the second frame
period into the second data image signal.

In the present embodiment, the second frame period
follows the first frame period. For example, if the display
unit 400 of FIG. 1A has the plurality of pixels of 1920*1080
and the input image signal ImS includes the image infor-
mation of the original image of the full-HD resolution of
1920%1080, the preprocessing logic 110a may extract the
image information of 1920*540 corresponding to the even
row pixel of the display unit 400 to be converted into the
second data image signal. As another example, if the input
image signal ImS includes the image information of
1920%540 that is a half of the original image and the image
information corresponds to the even row pixel of the display
unit 400, the preprocessing logic 110a may directly convert
the image information of 1920*540 into the second data
image signal as it is.

In the present embodiment, the second data image signal
may not be stored by the frame memory 120a. The second
data image signal is input to the line correction logic 130a
through the path L.2. The line correction logic 130a receives
the first data image signal from the frame memory 120a and
corrects the second data image signal with reference to the
first data image signal. The line correction logic 130a
outputs the corrected second data image signal to the data
driver 200 through the output line TO.

According to an embodiment of the inventive concept, the
even row pixels are emitted corresponding to the plurality of
data voltages VD[1], VD[2], VD[3], . . ., VD[n] into which
the first data image signal is converted through the data
driver 200 in the first frame period. The even row pixels are
emitted corresponding to the plurality of data voltages
VD[1], VD|[2], VDI3]. . . ., VDI[n] into which the second
data image signal is converted in the second frame period
through the data driver 200. The line correction logic 130a
may correct the second data image signal for a sum of the
luminance displayed from the even row pixel in the first and
second frame periods to be the luminance displayed by the
original image. In this case, the line correction logic 130a
may refer to a LUT (LookUp Table) recording the second
data image signal that is corrected based on the first data
image signal and the second data image signal. According to
the inventive concept, there are various methods that may be
considered when determining the second data image signal.
For example, the second data image signal may not refer to
the first data image signal and may be output through the
output line TO without other correction processing. As
another example, the second data image signal may be
determined as the first data image signal corresponding to
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the odd row pixel next to each even row pixel. As another
example, the corrected second data image signal may be
determined as an average value of the second data image
signal of the even row pixel and the first data image signal
of the next odd row pixel.

FIG. 1C illustrates one pixel of a display unit.

Referring to FIG. 1C,a circuit diagram of an exemplary
pixel PX | is shown. The pixel PX |, may include a transistor
TR, a storage capacitor CST, and a liquid crystal capacitor
CLC. The transistor TR includes a gate terminal connected
to the first gate line G1 and an input terminal connected to
the first data line D1. The storage capacitor CST provides
additional capacitance to maintain the data voltage. The
liquid crystal capacitor CLC is a capacitive component
formed by a pixel electrode and a common electrode.

If a scan signal G[1] is supplied through the first gate line
G1, the transistor TR is turned on, and the data voltage
VD[1] supplied through the first data line D1 is written in the
liquid crystal capacitor CL.C and the storage capacitor CST
through the turned-on transistor TR. A liquid crystal arrange-
ment corresponding to the pixel PX,; is determined corre-
sponding to the written data voltage VD[1], and the light
emitted from the backlight is modulated depending on the
determined liquid crystal arrangement, thereby displaying
the luminance corresponding to the data voltage VD[1].

The other pixels PX,,, PX 5, . . ., PX,,, PX,,, PX,,,
PX,,, ..., PX,,, PX5, PX,,, PXys, ..., PX,,,, ..., PX, 0,
PX,,., PX s,...,PX  may have the same or similar circuit
structure as the pixel PX,; such that the description of the
other pixels is omitted.

The present embodiment will now be described in addi-
tional detail with reference to FIGS. 2 to 6.

FIG. 2 illustrates an exemplary original image. The origi-
nal image corresponds to the input image signal input from
an external graphics controller.

Referring now to FIG. 2,the original image includes a
plurality of dots DOT,,, DOT,,, DOT,;, DOT,,, . . .,
DOT,,, DOT,,, DOT,,, DOT,,, . . . , DOT5;, DOT,,,
DOT,,, DOT,,, . . . , DOT,,, DOT,,, DOT,,,
DOT,,, . .., DOTs,, DOTs,, DOTs,, DOT,, . . ., DOTy,,
DOTg,, DOTg;, DOTg,, . . ., DOT,,_},, DOT,, _,,,
DOT,,_1ys DOT, 13, - . ., DOT,,;, DOT,,,, DOT,,,
DOT,,,, . . . , and each dot has a luminance value to realize
the original image.

In the present embodiment, it is assumed that each dot of
the original image has any one among five luminance values
of 100%, 75%, 50%, 25%, and 0%. The dots DOT,|,
DOT,;, DOT,,, DOT,,, DOT,,, DOT,,, DOT,, ,;,, and
DOT,,_,); have the luminance value of 100%, the dots
DOT,,, and DOT, ; have the luminance value of 75%, the
dots DOT,,, DOT,, DOT,;, DOT.,, DOT,_,y,, and
DOT,,_;y4 have the luminance value of the 50%, and the
dots DOT,,, DOT,,, DOT,,, DOT,,, DOT,,, DOT,;,
DOTs,, DOTs,, DOTs,, DOTs,, DOT,,, DOT,,, DOT4,,
DOT,,, DOT,,,, and DOT,,, have the luminance value of
0%.

In the present embodiment, the first frame image (see
FIG. 3B) is displayed on the display unit 400 at the first
frame period, and the second frame image (see FIG. 4B) is
displayed on the display unit 400 at the second frame period.
The first and second frame images are overlapped on the
display unit 400, thereby displaying the original image. In
other words, as the second frame image is displayed after the
first frame image is displayed, a user may recognize one
original image configured with a luminance of which the
luminance of the first frame image and the luminance of the
second frame image are summed. The first frame period and
the first frame image are referred to in FIGS. 3A and 3B, and
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the second frame period and the second frame image are
referred to in FIGS. 4A and 4B.

FIG. 3A is a timing diagram of a scan signal being
supplied at a first frame period, and FIG. 3B is a view to
explain a luminance of each pixel of a first frame image
displayed at a first frame period.

Referring to FIG. 3A,the timing at which the plurality of
scan signals G[1], G[2], G[3], G[4], G[5], G[6], . . .,
G[m-1], G[m] supplied to the plurality of gate lines G1, G2,
G3,G4, G5, G6, ..., Gm-1, Gm are supplied during the first
frame period (1st Frame Period) is shown. Referring to FIG.
3B,the display unit 400 connected to the plurality of gate
lines G1, G2, G3, G4, G5, G6, . . ., Gm-1, Gm and the
plurality of data lines D1, D2, D3, D4, . . . is shown. FIG.
3B shows the first frame image displayed on the display unit
400 at the first frame period of FIG. 3A.

In the present embodiment, at the first frame period, the
data driver 200 sequentially supplies the plurality of data
voltages VD[1], VD[2], VD[3], VD[4], . . . corresponding to
the pixels positioned in the odd row through the plurality of
data lines D1, D2, D3, D4, . . . by the unit of the two pixel
rows (e.g. a pair of pixel rows). For this, the gate driver 300
sequentially supplies the same scan signal at the first frame
period by the unit of two pixel rows. For example, the gate
driver 300 may substantially simultaneously supply the
same scan signal at the first frame period to a pair of adjacent
pixel rows, such as the pixels of the odd row corresponding
to the plurality of data voltages VD[1], VD|2], VD|3],
VDI4], . . . and the pixels of the even row adjacent to the
corresponding odd row.

For example, the data driver 200 substantially simultane-
ously applies the plurality of data voltages VD[1], VD|2],
VD[3], VD[4], . . . corresponding to the pixels PX,, PX,,,
PX,5, PX,,, . . . positioned at the first row to the data lines
D1,D2,D3, D4, . ...

Also, the gate driver 300 substantially simultaneously
supplies the scan signal G[1] and G[2] to the two pixel rows
PX) 1, PXpp, PXi5, PXy oo PXG), PXGy, PXo,
PX,,, . . . corresponding to two gate lines G1 and G2 to
respectively connect the data lines D1, D2, D3, D4, . . . and
the corresponding pixels PX,,, PX,,, PX,3, PX,, . . .,
PX,,,PX,,, PX,;,PX,,, ....The dataline D1 and the pixels
PX,, and PX,, are connected, the data line D2 and the pixels
PX,, and PX,, are connected, the data line D3 and the pixels
PX,; and PX,, are connected, and the data line D4 and the
pixels PX, and PX,, are connected, depending on the scan
signals G[1] and G[2]. through the gate lines G1 and G2.

Accordingly, the plurality of data voltages VD[1], VD[2],
VD[3], VD[4], . . . corresponding to the pixels PX,,, PX,,,
PX,5, PX,,, . . . of the first row are written to the pixels
PX,,, PX,,, PX,5, PX 4, . . . positioned at the first row and
the pixel PX,,, PX,,, PX,;, PX,,, . . . positioned at the
second row. Again referring to FIG. 2, the data voltage
VD[1] having the 100% luminance value corresponding to
the dot DOT), is written to the pixels PX,, and PX,,, the
data voltage VDJ[2] having the 50% luminance value corre-
sponding to the dot DOT |, is written to the pixels PX,, and
PX,,, the data voltage VD[3] having the 100% luminance
value corresponding to the dot DOT, ; is written to the pixels
PX; and PX,;, and the data voltage VD[4] having the 50%
luminance value corresponding to the dot DOT |, is written
to the pixels PX,, and PX,,.

Next, in the horizontal period, the data driver 200 sub-
stantially simultaneously applies the plurality of data volt-
ages VD[1], VD[2], VD[3], VD[4], . . . corresponding to the
pixels PX;,, PX,,, PX,,, PX,,, . . . positioned at the third
row to the data lines D1, D2, D3, D4, . . ..
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Also, the gate driver 300 substantially simultaneously
supplies the scan signals G[3] and G[4] to two pixel rows
PXSls PX325 PX335 PX345 L PX415 PX425 PX43:

PX,,, . . . corresponding to two gate lines G3 and G4 to
connect the data lines D1, D2, D3, D4, . . . and the
corresponding pixels PX;,, PX,,, PX;;, PX,,, .. ., PX,,,

PX,,, PX,;, PX,,, . . . . Depending on the scan signals G[3]
and G[4] supplied through the gate lines G3 and G4, the data
line D1 and the pixels PX;, and PX,,, are connected, the data
line D2 and the pixels PX;, and PX,,, are connected, the data
line D3 and the pixels PX;; and PX,; are connected, and the
data line D4 and the pixels PX,, and PX,, are connected.

Accordingly, the odd row data voltage corresponding to
the pixels PX;,, PX;,, PX;, PX,,, . . . is written to the
pixels PX;,, PX,,, PX,;, PX,,, . . . positioned at the third
row and the pixels PX,,, PX,,, PX,;, PX,,. . . . positioned
at the fourth row. Again referring to FIG. 2, the data voltage
VD[1] having the 0% luminance value corresponding to the
dot DOT,, is written to the pixels PX;, and PX,,, the data
voltage VD[2] having the 0% luminance value correspond-
ing to the dot DOT,, is written to the pixels PX,, and PX,,,,
the data voltage VD[3] having the 100% luminance value
corresponding to the dot DOT, is written to the pixels PX,,
and PX,;, and the data voltage VD[4] having the 50%
luminance value corresponding to the dot DOT,, is written
to the pixels PX;, and PX,,.

In a similar manner as discussed herein above, the plu-
rality of data voltages VD[1], VD|2], VD|3], VD[4], . . .
corresponding to the pixels PXs,, PXs,, PXs;, PXs,, .. . are
written to the pixels PX,,, PX,,, PXs;, PX,,, . . ., PXy,
PX s, PXg3, PXgy, . . . positioned at the fifth and sixth rows,
and the plurality of data voltages VD[1], VD[2], VD|3],
VD[], . . . corresponding to the pixels PX,,, ;y;, PX,, 1y,
PX -1y and PX, _,, are written to the pixels PX,,_,),
PX, 12 PXipiiyss PXpuiyas - - o PX 0, PX 5 PX
PX,4 - - . positioned at the G(m-1) and the Gm rows.

Accordingly, at the first frame period, like FIG. 3B, the
first frame image is displayed on the display unit 400.

FIG. 4A is a timing diagram of a scan signal being
supplied at a second frame period, and FIG. 4B is a view to
explain a luminance of each pixel of a second frame image
displayed at a second frame period.

Referring to FIG. 4A the timing at which the plurality of
scan signals G[1], G[2], G[3], G[4], G[5], G[6], . . .,
G[m-1], and G[m)] applied to the plurality of gate lines G1,
G2, G3, G4, G5, G6, . . ., G[m-1], and G[m] are supplied
during the second frame period (2nd Frame Period) is
shown. Referring to FIG. 4B, the display unit 400 in which
the plurality of gate lines G1, G2, G3, G4, G5, G6, . . .,
Gm-1, and Gm and the plurality of data lines D1, D2, D3,
D4, . .. are connected is shown. FIG. 4B shows the second
frame image displayed on the display unit 400 at the second
frame period of FIG. 4A.

In the present embodiment, the data driver 200, at the
second frame period, sequentially supplies the plurality of
data voltages VD[1], VD|2], VD[3], VDI[4], . . . correspond-
ing to the pixels positioned at the even row through the
plurality of data lines D1, D2, D3, D4, . . . by the unit of the
pixel row. For example, the gate driver 300 supplies the scan
signal to the corresponding pixel at the second frame period
by the unit of one pixel row. The gate driver may supply the
scan signal to the pixels of the even row corresponding to the
plurality of data voltages VD[1], VD[2], VD|3],
VDI4], . . . at the second frame period.

Unlike in the first frame period, the gate driver 300 in the
second frame period does not supply the scan signals G[1],
G[3], G[5], . . ., and G[m-1] to the odd row gate lines G1,
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G3, G5, . . ., and Gm-1 at the second frame period, the
pixels PX,,, PX ,, PX,;, PX;,, PX,,, PX,;, PX,,, . . .,
PXs,, PXs,, PXs3, PXasy -+, PX iy PX i PX (i35
PX,_1ya + . . positioned at the odd row may maintain the
odd row data voltage during the second frame period.

Firstly, the data driver 200 substantially simultaneously
applies the plurality of data voltages VD[1], VD[2], VD[3],
VDI[4], . . . corresponding to the pixels PX,,, PX,,, PX,,,
PX,., . .. positioned at the second row to the data lines D1,
D2,D3,D4, .. ..

The gate driver 300 supplies the scan signal G[2] to one
pixel row PX,,, PX,,, PX,;, PX,,, . .. corresponding to one
gate line G2 to respectively connect the data lines D1, D2,
D3,D4, ... and the corresponding pixels PX, ,, PX,,, PX,,
PX,,, . . . . Depending on the scan signal G[2] supplied
through the gate line G2, the data line D1 and the pixel PX,,
are connected, the data line D2 and the pixel PX,, are
connected, the data line D3 and the pixel PX,; are con-
nected, and the data line D4 and the pixel PX,, are con-
nected.

Accordingly, the plurality of data voltages VD[1], VD[2],
VDI[3], VD[4], . . . corresponding to the pixels PX,,, PX,,,
PX,s, PX,,, . .. are written to the pixels PX, , PX,,, PX,,,
PX,,, . . . positioned at the second row. The data voltage
VD[1] having the 0% luminance value is written to the pixel
PX,,, the data voltage VD[2] having the 100% luminance
value is written to the pixel PX,,, the data voltage VD[3]
having the 0% luminance value is written to the pixel PX,;,
and the data voltage VD[4] having the 100% luminance
value is written to the pixel PX,,. The plurality of data
voltages VD[1], VD[2], VD[3], VD[4], . . ., as described in
FIG. 1B, may depend on the second data image signal
corrected by the line correction logic 130a.

Next, at the next horizontal period, the data driver 200
substantially simultaneously applies the plurality of data
voltages VD[1], VD|2], VD[3], VD[4], . . . corresponding to
the pixels PX,;, PX,,, PX,3, PX,,, . . . positioned at the
fourth row to the data lines D1, D2, D3, D4, . . . .

Also, the gate driver supplies the scan signal G[4] to one
pixelrow (PX,,, PX,,, PX,;, PX,,, ... corresponding to one
gate line G4 to respectively connect the data lines D1, D2,
D3,D4, .. . and the corresponding pixels PX,,;, PX,,, PX,,,
PX., . . . . Depending on the scan signal G[4] supplied
through the gate line G4, the data line D1 and the pixel PX
are connected, the data line D2 and the pixel PX,, are
connected, the data line D3 and the pixel PX,; are con-
nected, and the data line D4 and the pixel PX,, are con-
nected.

Accordingly, the plurality of data voltages VD[1], VD[2],
VDI3], VD[4], . . . corresponding to the pixels PX,,;, PX,,,
PX,3, PX,4, . . . are written to the pixels PX,,, PX,,, PX,;,
PX,,, . . . positioned at the fourth row. The data voltage
VDI1] having the 0% luminance value is written to the pixel
PX,,, the data voltage VD[2] having the 0% luminance
value is written to the pixel PX,,, the data voltage VD[3]
having the 0% luminance value is written to the pixel PX,;,
and the data voltage VD[4] having the 100% luminance
value is written to the pixel PX,,. The plurality of data
voltages VD[1], VD[2], VD[3], VD[4], . . ., as described in
FIG. 1B, may depend on the second data image signal
corrected by the line correction logic 130a.

In a similar manner as discussed hereinabove, the plural-
ity of data voltages VD[1], VDI[2], VD[3], VD[4]. . . .
corresponding to the pixels PX,,, PX,,, PX¢;, PXq, . . . are
written to the pixels PX,, PX¢,, PX43, PXgys - - . positioned
at the sixth row, and the plurality of data voltages VD[1],
VDI2], VD[3], VD[4], . .. corresponding to the pixels PX ,,,
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PX,,., PX 5, PX, ., ...arewritten to the pixels PX
PX, s, PX, .., . . . positioned at the G[m] row.

Accordingly, at the second frame period, as in FIG. 4B,
the second frame image is displayed on the display unit 400.

In FIGS. 3A and 4A, when the scan signal is supplied, an
enable level is a high level, and this is because the transistor
TR of the pixel in FIG. 1C is an N type (a negative type) by
way of example. If the transistor TR of the pixel of FIG. 1C
were a P type (a positive type), the scan signal may be the
enable level in the case of the low level. In the present
embodiment, each horizontal period has a 2H length.
Accordingly, even if the display unit 400 is driven with 240
Hz by using the display panel having a charge rate charac-
teristic optimized to a 120 Hz frame speed, there is no
problem in charging the voltage of each pixel.

FIG. § illustrates a realization image in which a first frame
image and a second frame image are overlapped. In the
following, the overlap of the luminance value is briefly
described arithmetically for convenience of explanation,
however a calculation process such as gamma correction
depending on a luminance seen by an actual user may be
further included. FIG. 2 is referenced to explain the illus-
tration of FIG. 5.

An implemented image may be the same or similar to the
original image of FIG. 2. The luminance of the odd row dots
DOT,,, DOT,,, DOT,;, DOT,,, . . ., DOT;,, DOT;,,

PXst

mls

DOT,, DOT,,, . . ., DOTs, DOTs,, DOTs,,
DOT,,, , DOT,_ 1y, DOT, ;5 DOT, s,
DOT,,_1y4, - - . of the implemented image maintains the

same luminance value as the image information of the
original image in the first and second frame periods, thereby
having the same luminance as the corresponding odd row
dot of the original image.

However, since the luminance of the even row dot of the
implemented image is to overlap the first frame image and
the second frame image, there may be a difference from the
luminance of the original image. For example, the dot
DOT,, of the original image has the 0% luminance value,
and the dot DOT,; of the implemented image has the 50%
luminance value by overlapping the 100% luminance value
of the first frame image and the 0% luminance value of the
second frame image. Also, the dot DOT,, of the original
image has the 100% luminance value, and the dot DOT,, of
the implemented image has the 75% luminance value by
overlapping the 50% luminance value of the first frame
image and the 100% luminance value of the second frame
image. The implemented image 1s slightly different from the
original image. However, although the dot DOT,, of the
original image is brighter than the dot DOT,, this may be
sufficiently represented by the dot DOT,, that is brighter
than the dot DOT,, in the implemented image.

Also, it may be confirmed that the even row dots DOT,;,
DOT,,, DOT,,, DOTy,, DOT,,, DOTg,, DOTg,, DOT,,|,
and DOT,, ; of the implemented image are realized with the
same luminance as the corresponding even row dots of the
original image, respectively.

FIG. 6 illustrates a process of determining an even row
data voltage of each pixel of a second frame image.

Referring to FIG. 6, a data voltage 610 applied during the
first frame period (1st Frame Period) and the second frame
period (2nd Frame Period) to the pixel PX  ; of FIG. 3B and
FIG. 4B and luminance 620 corresponding thereto will be
described.

A voltage value A is the odd row data voltage depending
on the first data image signal, and a voltage value B is the
even row data voltage depending on the corrected second
data image signal.
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The data voltage 610 having the voltage value A is applied
at a starting point t0 of the first frame period, and the
luminance 620 is gradually increased according to the
reaction of the liquid crystal molecule and converges to
100%.

The data voltage 610 having the voltage value B is applied
at the starting point t1 of the second frame period, and the
luminance 620 is gradually decreased according to the
reaction of the liquid crystal molecule and converges to 50%
at a finishing point t2 of the second frame period.

Referring to the original image information of FIG. 2, the
dot DOT,,, corresponding to the pixel PX,,, has the 75%
luminance value. Accordingly, it is preferable that the sec-
ond data image signal is corrected in the timing controller to
output the even row data voltage having the voltage value B
from the data driver so that sums of insufficient luminance
parts 621a and 6216 and an excessive luminance part 622
based on 75% are equal to each other.

Accordingly, the line correction logic 130a of FIG. 1B
may previously store a LUT recording the corrected second
data image signal for each case of having the first data image
signal and the second data image signal as an input value, for
the even row pixel PX ..

Resultantly, the 75% luminance value of the dot DOT,,;
of the original image of FIG. 2 is preferably realized with the
same luminance value in the dot DOT,,; of the implemented
image of FIG. 5.

In FIG. 6, for convenience of explanation, the description
for a polarity inversion driving method of the data voltage to
prevent the degradation of the liquid crystal layer of the
liquid crystal display is excluded. If the polarity inversion
driving method of the frame unit is introduced, one of the
voltage value A and the voltage value B has a negative value.

The above detailed descriptions with reference to the
accompanying drawings are provided to assist a person of
ordinary skill in the art with a comprehensive understanding
of embodiments of the inventive concept as defined by the
claims and their equivalents. The detailed description
includes various specific details to assist in that understand-
ing, but these are to be regarded as merely exemplary.

The apparatuses and methods of the disclosure can be
implemented in hardware, and in part as firmware or via the
execution of software or computer code in conjunction with
hardware that is stored on a non-transitory machine readable
medium such as a CD ROM, a RAM, a floppy disk, a hard
disk, or computer code downloaded over a network origi-
nally stored on a remote recording medium or a non-
transitory machine readable medium and stored on a local
non-transitory recording medium for execution by hardware
such as a processor, so that the methods described herein are
loaded into hardware such as a general purpose computer, or
a special processor or in programmable or dedicated hard-
ware, such as an ASIC or FPGA. As would be understood in
the art, the computer, the processor, microprocessor control-
ler or the programmable hardware include memory compo-
nents, e.g., RAM, ROM, Flash, etc., that may store or
receive software or computer code that when accessed and
executed by the computer, processor or hardware implement
the processing methods described herein. In addition, it
would be recognized that when a general purpose computer
accesses code for implementing the processing shown
herein, the execution of the code transforms the general
purpose computer into a special purpose computer for
executing the processing shown herein.

Accordingly, those of ordinary skill in the art will recog-
nize that various changes and modifications of the embodi-
ments described herein can be made without departing from
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the scope and spirit of the inventive concept. Therefore, the
scope of the inventive concept shall be determined only
according to the attached claims and the equivalents thereof.

What is claimed is:

1. A liquid crystal display comprising:

a display unit including a plurality of pixels in a plurality
of first rows of pixels and a plurality of second rows of
pixels that are alternately arranged,

a gate driver that supplies a same scan signal to the
plurality of pixels of a first row and a second row
adjacent to each other among the plurality of first rows
of pixels and the plurality of second rows of pixels at
a first frame period, and respectively supplies a plural-
ity of scan signals to only the plurality of second rows
of pixels in a second frame period subsequent to the
first frame period; and

a data driver configured to generate a plurality of data
voltages that respectively correspond to the plurality of
first rows of pixels at the first frame period and generate
a plurality of data voltages respectively corresponding
to the plurality of second rows of pixels at the second
frame period.

2. The liquid crystal display of claim 1, wherein the data
driver sequentially supplies a first row data voltage corre-
sponding to the pixels positioned at the plurality of first rows
by a unit of the pixel row at the first frame period, and
sequentially supplies a second row data voltage correspond-
ing to the pixels positioned at the plurality of second rows
of pixels by a unit of the pixel row at the second frame
period.

3. The liquid crystal display of claim 2, wherein the gate
driver substantially simultaneously supplies the scan signal
to the pixels of the first row corresponding to the first row
data voltage and the pixels of the second row adjacent to the
first row at the first frame period, and supplies the scan
signal to the pixels of the second row corresponding to the
second row data voltage at the second frame period.

4. The liquid crystal display of claim 3, wherein the pixels
positioned at the plurality of first rows of pixels maintain the
first row data voltage at the second frame period.

5. The liquid crystal display of claim 4, wherein the
display unit displays a first frame image at the first frame
period and a second frame image at the second frame period,
and

the first and second frame images arc overlapped to
display an original image.

6. The liquid crystal display of claim 5, further compris-

ing:

a timing controller configured to convert an input image
signal received from the outside into a data image
signal to be supplied to the data driver,

wherein the data image signal includes a first data image
signal corresponding to the first row data voltage and a
second data image signal corresponding to the second
row data voltage, and

the timing controller generates the second data image
signal with reference to the first data image signal.

7. The liquid crystal display of claim 6, wherein the
timing controller generates the second data image signal so
that a sum of a luminance displayed corresponding to the
first row data voltage and a luminance displayed correspond-
ing to the second row data voltage results in a luminance
displayed by the original image at the second row pixel.

8. The liquid crystal display of claim 6, wherein the
timing controller comprises:



US 10,311,823 B2

15

a preprocessing logic to convert the input image signal
into the data image signal of a format that is compatible
with the data driver,

a frame memory having a capacity to store the data image
signal corresponding to at least one frame image, and

a line correction logic that receives the first data image
signal from the frame memory and corrects the second
data image signal with reference to the first data image
signal.

9. A method for driving a liquid crystal display, compris- 10

ing:

supplying, by a data driver, a data voltage corresponding

to each pixel by a unit of a pixel row;

supplving, by a gate driver, a scan signal allowing input

of the data voltage to the pixel by the unit of the pixel
row; and

displaying, by a display unit, a display image correspond-

ing to the data voltage including a plurality of first rows
of pixels and second rows of pixels that are alternately
arranged;

wherein the gate driver supplies a same scan signal to the

plurality of pixels of a first row and a second row
adjacent to each other among the plurality of first rows
of pixels and the plurality of second rows of pixels at
a first frame period, and respectively supplies a plural-
ity of scan signals to only the plurality of second rows
of pixels at a second frame period subsequent to the
first frame period; and

the data driver generates a plurality of data voltages

respectively corresponding to the plurality of first rows
of pixels at the first frame period and generates a
plurality of data voltages respectively corresponding to
the plurality of second rows of pixels at the second
frame period.

10. The method of claim 9, wherein the supplying of the
data voltage by the unit of the pixel row includes:

sequentially supplying the first row data voltage corre-

sponding to the pixels positioned in the plurality of first
rows of pixels at the first frame period by the unit of the
pixel row; and

sequentially supplying the second row data voltage cor-

responding to the pixels positioned in the plurality of
second rows of pixels at the second frame period by the
unit of the pixel row.

11. The method of claim 10, wherein the supplying of the
scan signal by the unit of the row includes:

substantially simultaneously supplying the scan signal to

the pixel of the first row corresponding to the first row
data voltage and the pixel of the second row adjacent to
the first row at the first frame period; and

supplying the scan signal to the pixel of the second row

corresponding to the second row data voltage at the
second frame period.

12. The method of claim 11, wherein the pixels positioned
in the plurality of first rows maintain the first row data
voltage at the second frame period.

13. The method of claim 12, wherein the displaying of the
display image corresponding to the data voltage includes:

displaying a first frame image at the first frame period,

and

displaying a second frame image at the second frame

period,

wherein the first and second frame images are overlapped

to display an original image.
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14. The method of claim 13, further comprising:

converting an input image signal received from the out-
side into a data image signal through a timing controller
to be supplied to the data driver;

wherein the data image signal includes a first data image
signal corresponding to the first row data voltage and a
second data image signal corresponding to the second
row data voltage, and

generating by the timing controller the second data image
signal with reference to the first data image signal.

15. The method of claim 14, wherein the timing controller
determines the second data image signal so that a sum of a
luminance displayed corresponding to the first row data
voltage and a luminance displayed corresponding to the
second row data voltage results in a luminance displayed by
the original image at the second row pixel.

16. A display device comprising:

a plurality of gate lines and a plurality of data lines;

a liquid crystal display including a plurality of pixels
arranged in a plurality of first rows and second rows
that alternate, and each pixel includes a switching
clement connected 1o one or more of the plurality of
gate lines and one or more of the plurality of data lines;

a gate driver that is configured at a first frame period to
output to a pair of adjacent rows of pixels via at least
one of the gate lines a first scan signal comprising one
of the first rows of pixels and one of the second rows
of pixels to generate a first frame image, and the gate
driver outputs at a second frame period a second scan
signal to one row of the pair of adjacent first and second
rows of pixels to generate a second frame image;

a data driver that at the first frame period generates a
plurality of data voltages respectively corresponding to
the plurality of first rows of pixels, and the data driver
generates at the second frame period a plurality of data
voltages respectively corresponding to the plurality of
second rows of pixels; and

a timing controller configured to generate a first data
image signal and a second data image signal, wherein
the second data image signal is corrected using the first
data image signal,

wherein the data driver supplies by the plurality of data
lines data voltages corresponding to the first and second
rows of pixels.

17. The display device according to claim 16, wherein at
the second frame period, one row of the pair of adjacent
rows of pixels receives the second scan signal at the second
frame period to generate the second frame in age, and the
other row of the pair of adjacent rows of pixels maintains
respective data voltages from the first frame period.

18. The display device according, to claim 17, wherein at
the second frame period the data driver substantially simul-
taneously supplies the data voltages to the pixels of the one
row of the pair of adjacent first and second rows of pixels.

19. The display device according to claim 17, wherein in
the first frame period the gate driver outputs a respective
scan signal to at least one other pair of adjacent first and
second rows of pixels.

20. The display device according to claim 17, wherein the
first frame image and the second frame image are over-
lapped to display an original image.
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