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(57) ABSTRACT

A liquid crystal display device includes m gate lines, n data
lines, and mxn pixels each connected to a corresponding
gate line, each connected to a corresponding data line, and
each including a first sub-pixel and a second sub-pixel,
wherein the first sub-pixel includes a first liquid crystal
capacitor, and a first transistor configured to receive a data
signal from the corresponding data line, and configured to
apply the data signal to the first liquid crystal capacitor, and
wherein the second sub-pixel includes a second liquid
crystal capacitor, a second transistor configured to apply the
data signal to the second liquid crystal capacitor, and a third
transistor configured to apply a storage voltage, which is
configured to swing between a first electric potential level
and a second electric potential level that is greater than the
first electric potential level, to the second liquid crystal
capacitor.

300

—~-DS1
\/DSQ}DP
gl 6L
| DA
100—1 ||
4 b—DLA DLn— f—~—NDA
GLm
PXn PXan | |

GLd



US 2017/0025078 A1

Jan. 26,2017 Sheet 1 of 9

Patent Application Publication

PO
{
B W— i
Xd il |
I - i
w9 ﬂ |
vaN—-H —ud L0
———00}
vad-——
:vXn_ —e _‘W_G :Xn_ e
. l
NWD b - TS s e e s - - —— - |_|
da rwm_U\ ..\/.\/\/.\/\/
=4 =1 =4 = = =1
00— — V
/ i e
a0 I "OId



Patent Application Publication  Jan. 26,2017 Sheet 2 of 9 US 2017/0025078 A1

e
: ::T: Q ="
= = X
ooty
l y i
- QA 4.
|1t %
N = X
]
= X
; Xrl;[ L
| L %
9Ly
%F’E :LE’E

GS

2

FIG.



Patent Application Publication  Jan. 26,2017 Sheet 3 of 9 US 2017/0025078 A1

Csti
DL PET  STE1
: Vcom Vest /)
ME1—] |
Clet PE1——\‘/ﬁ |
I |
OE1~— | PXi j
|E1— |
TR ED-T_) + ~5PX1 SPX2

CE1 \J/EEF __________ N /
GLi '
CEQ\—/F‘_\_IL_ ““““““““““ :L_/__\"“/CEB}

|
TR2 '::tjj_j ’
[E2—
OE2—”‘::£:::;72/’_TJW
PE2—




Patent Application Publication  Jan. 26,2017 Sheet 4 of 9 US 2017/0025078 A1

Fi1

Fy

4A

FIG.



Patent Application Publication  Jan. 26,2017 Sheet 5 of 9 US 2017/0025078 A1

Fia1
[

B

|
<+)1<—><—>

|

|

]

Fi-1

Vi

DATA
GSi
Vest

4B

FIG.



Patent Application Publication  Jan. 26,2017 Sheet 6 of 9 US 2017/0025078 A1

| + | + | + Lo+
! + | + | + L+
! + | + | + o+
S + + + L+
+
0
-
x + + + +
| + + Lo+ o+
[ + + + T
1 + | + | + N
+ + + + | 1
+ [ + + +
+ ! + | + | + | 1
+ + | + + [
7
L
+ | + [ + | + |
+ ! + | + I +
+ | + [ + + !
+ [ + 1 + [ + 1

A

FIG.



Patent Application Publication  Jan. 26,2017 Sheet 7 of 9 US 2017/0025078 A1

4 E_] ]
LI% .
N
|
X
+ [
o
-+
\
uf .
/\
e
).[
|
SN BV S
|
%
u% .
L R VA E
<C
[
<
3

oB

FIG.



Patent Application Publication

6A

FIG.

Fy+1

Fx

Jan. 26,2017 Sheet 8 of 9 US 2017/0025078 A1
+ P+ o+ +
| + + L+
+ I I I +
[ + I I +
+ ! + + + |
| + I o+
+ ! + [ + + !
| + I T
|
+ S P+
+ + | ]+ +
! + I I I
+ | + | + +
! + N P+
+ + ! + + |
| + I S I S
+ | + + + |




Patent Application Publication  Jan. 26,2017 Sheet 9 of 9 US 2017/0025078 A1

Fier

Fk

0 .
u_ *
Y _ N E ______________ 4_% _____________

b
N~
>

< — +—

= %) a

< S O

() >

6B

FIG.



US 2017/0025078 A1l

LIQUID CRYSTAL DISPLAY PANEL AND
LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to, and the benefit
of, Korean Patent Application No. 10-2015-0102656, filed
on Jul. 20, 2015, which is hereby incorporated by reference
for all purposes as if fully set forth herein.

BACKGROUND

[0002] 1. Field

[0003] Embodiments of the present disclosure relate to a
liquid crystal display panel, a liquid crystal display device
having the same, and a liquid crystal display device driven
in a vertical alignment mode and in a pixel division mode.
[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display device controls
an intensity of electric field applied to a liquid crystal layer
between two substrates to control an amount of light passing
through the two substrates, and thus, the liquid crystal
display device displays a desired image.

[0006] A liquid crystal display device driven in a vertical
alignment mode includes liquid crystal molecules that have
anegative dielectric constant anisotropy and that are aligned
in a homeotropic alignment. In recent years, the liquid
crystal display device driven in the vertical alignment mode
is widely used due to having a high contrast ratio and a wide
viewing angle.

[0007] A driving method for the liquid crystal display
device is classified into a frame inversion driving method, a
line inversion driving method, and a dot inversion driving
method, according to a polarity of a data voltage applied to
data lines. In the case of the frame inversion driving method,
image data applied to data lines in one frame period have the
same polarity. In the line inversion driving method, the
polarity of the image data applied to the data lines is inverted
every pixel row. In the dot inversion driving method, the
polarity of the image data applied to the data line is inverted
every pixel (e.g., every row and column).

SUMMARY

[0008] Embodiments of the present disclosure provide a
liquid crystal display panel capable of preventing a horizon-
tal line defect occurring due to an IR drop, and provide a
liquid crystal display device having the liquid crystal display
panel.

[0009] Embodiments of the inventive concept provide a
liquid crystal display device including m gate lines (m being
a positive integer), n data lines (n being a positive integer),
and mxn pixels each connected to a corresponding gate line
of the m gate lines, each connected to a corresponding data
line of the n data lines, and each including a first sub-pixel
and a second sub-pixel, wherein the first sub-pixel includes
a first liquid crystal capacitor, and a first transistor config-
ured to receive a data signal from the corresponding data
line, and configured to apply the data signal to the first liquid
crystal capacitor, and wherein the second sub-pixel includes
a second liquid crystal capacitor, a second transistor con-
figured to apply the data signal to the second liquid crystal
capacitor, and a third transistor configured to apply a storage
voltage, which is configured to swing between a first electric
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potential level and a second electric potential level that is
greater than the first electric potential level, to the second
liquid crystal capacitor.

[0010] Each of the first, second, and third transistors may
include a control electrode connected to the corresponding
gate line.

[0011] The third transistor may be connected to the second
transistor in series.

[0012] The first sub-pixel may further include a first
storage capacitor, and the second sub-pixel may further
include a second storage capacitor.

[0013] The first storage capacitor may include a first pixel
electrode configured to receive the data signal, and a first
storage electrode configured to receive the storage voltage,
and the second storage capacitor may include a second pixel
electrode configured to receive the data signal, and a second
storage electrode configured to receive the storage voltage.

[0014] The data signal has a polarity inverted every frame
period.
[0015] The data signal applied to the mxn pixels at one

period for every frame period has a same polarity.

[0016] The storage voltage swings at one period for every
frame period.
[0017] The one period comprises an earlier period in

which the third transistor applies the storage voltage having
the first electric potential level to the second liquid crystal
capacitor and a later period in which the third transistor
applies the storage voltage having the second electric poten-
tial level to the second liquid crystal capacitor.

[0018] The mxn pixels may be divided into m pixel rows
and n pixel columns, the m pixel rows being configured to
receive the data signals, which may be configured to be
line-inverted every frame period.

[0019] The storage voltage may be configured to swing at
each of m periods for every frame period.

[0020] Each of the m periods may include an earlier period
in which the third transistor is configured to apply the
storage voltage having the first electric potential level to the
second liquid crystal capacitor, and a later period in which
the third transistor is configured to apply the storage voltage
having the second electric potential level to the second
liquid crystal capacitor.

[0021] The mxn pixels may be configured to receive the
data signals, which may be configured to be dot-inverted
every frame period.

[0022] The storage voltage may be configured to swing at
mxn periods for every frame period.

[0023] Each of the mxn periods may include an earlier
period in which the third transistor is configured to apply the
storage voltage having the first electric potential level to the
second liquid crystal capacitor, and a later period in which
the third transistor is configured to apply the storage voltage
having the second electric potential level to the second
liquid crystal capacitor.

[0024] Embodiments of the inventive concept provide a
liquid crystal display device including a liquid crystal dis-
play panel including m gate lines (m being a positive
integer), n data lines (n being a positive integer), mxn pixels,
each being connected to a corresponding gate line of the m
gate lines, each being connected to a corresponding data line
of the n data lines, and each including a first sub-pixel and
a second sub-pixel, a gate driver configured to apply gate
signals to the liquid crystal display panel, and a data driver
configured to apply data signals to the liquid crystal display
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panel, wherein the first sub-pixel includes a first liquid
crystal capacitor, and a first transistor configured to receive
a data signal from the corresponding data line, and config-
ured to apply the data signal to the first liquid crystal
capacitor, and wherein the second sub-pixel includes a
second liquid crystal capacitor, a second transistor config-
ured to apply the data signal to the second liquid crystal
capacitor, and a third transistor configured to apply a storage
voltage, which is configured to swing between a first electric
potential level and a second electric potential level that is
greater than the first electric potential level, to the second
liquid crystal capacitor.

[0025] Each of the first, second, and third transistors may
include a control electrode connected to the corresponding
gate line.

[0026] The data driver may be configured to apply the data
signal inverted every frame period to each of the n data lines.
[0027] Embodiments of the inventive concept provide a
liquid crystal display panel including m gate lines (m being
a positive integer), n data lines (n being a positive integer),
and mxn pixels, one of the mxn pixels including a first
sub-pixel and a second sub-pixel, wherein the first sub-pixel
includes a first transistor including a first control electrode,
a first input electrode, and a first output electrode, wherein
the second sub-pixel includes a second transistor including
a second control electrode, a second input electrode, and a
second output electrode, and a third transistor including a
third control electrode, a third input electrode connected to
the second output electrode, and a third output electrode,
wherein the first, second, and third control electrodes are
connected to an i-th gate line of the m gate lines (i being a
positive integer), wherein the first and second input elec-
trodes are connected to a j-th data line of the n data lines (j
being a positive integer), and wherein an electrical signal
that is configured to be applied to the third output electrode
is configured to swing between a first electric potential value
and a second electric potential value that is different from the
first electric potential value.

[0028] According to the above, the horizontal line defect
due to the IR drop, which is generated in the storage line of
the liquid crystal display device, may be reduced or pre-
vented. Thus, the liquid crystal display device may display
the image having improved display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other aspects of embodiments of the
present disclosure will become readily apparent by reference
to the following detailed description, when considered in
conjunction with the accompanying drawings, wherein:
[0030] FIG.1 is a block diagram showing a display device
according to an exemplary embodiment of the present
disclosure;

[0031] FIG. 2 is a timing diagram showing signals of a
display device according to an exemplary embodiment of
the present disclosure;

[0032] FIG. 3 is an equivalent circuit diagram showing a
pixel according to an exemplary embodiment of the present
disclosure;

[0033] FIG. 4A is a view showing a frame inversion
driving scheme of a display device according to an exem-
plary embodiment of the present disclosure;

[0034] FIG. 4B is a timing diagram showing a frame
inversion driving scheme of a display device according to an
exemplary embodiment of the present disclosure;
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[0035] FIG. 5A is a view showing a line inversion driving
scheme of a display device according to an exemplary
embodiment of the present disclosure;

[0036] FIG. 5B is a timing diagram showing a line inver-
sion driving scheme of a display device according to an
exemplary embodiment of the present disclosure;

[0037] FIG. 6A is a view showing a dot inversion driving
scheme of a display device according to an exemplary
embodiment of the present disclosure; and

[0038] FIG. 6B is a timing diagram showing a dot inver-
sion driving scheme of a display device according to an
exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0039] Features of the inventive concept and methods of
accomplishing the same may be understood more readily by
reference to the following detailed description of embodi-
ments and the accompanying drawings. The inventive con-
cept may, however, be embodied in many different forms
and should not be construed as being limited to the embodi-
ments set forth herein. Hereinafter, example embodiments
will be described in more detail with reference to the
accompanying drawings, in which like reference numbers
refer to like elements throughout. The present invention,
however, may be embodied in various different forms, and
should not be construed as being limited to only the illus-
trated embodiments herein. Rather, these embodiments are
provided as examples so that this disclosure will be thorough
and complete, and will fully convey the aspects and features
of the present invention to those skilled in the art. Accord-
ingly, processes, elements, and techniques that are not
necessary to those having ordinary skill in the art for a
complete understanding of the aspects and features of the
present invention may not be described. Unless otherwise
noted, like reference numerals denote like elements through-
out the attached drawings and the written description, and
thus, descriptions thereof will not be repeated. In the draw-
ings, the relative sizes of elements, layers, and regions may
be exaggerated for clarity.

[0040] It will be understood that, although the terms
“first,” “second,” “third,” etc., 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
invention.

[0041] Spatially relative terms, such as “beneath,”
“below,” “lower,” “under,” “above,” “upper,” and the like,
may be used herein for ease of explanation to describe one
element or feature’s relationship to another element(s) or
feature(s) as illustrated in the figures. It will be understood
that the spatially relative terms are intended to encompass
different orientations of the device in use or in operation, in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, elements
described as “below” or “beneath” or “under” other ele-
ments or features would then be oriented “above” the other
elements or features. Thus, the example terms “below” and
“under” can encompass both an orientation of above and
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below. The device may be otherwise oriented (e.g., rotated
90 degrees or at other orientations) and the spatially relative
descriptors used herein should be interpreted accordingly.
[0042] It will be understood that when an element or layer
is referred to as being “on,” “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.

[0043] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the present invention. As used herein, the
singular forms “a,” “an,” and “the” 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, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items. Expressions
such as “at least one of,” when preceding a list of elements,
modify the entire list of elements and do not modify the
individual elements of the list.

[0044] As used herein, the term “substantially,” “about,”
and similar terms are used as terms of approximation and not
as terms of degree, and are intended to account for the
inherent deviations in measured or calculated values that
would be recognized by those of ordinary skill in the art.
Further, the use of “may” when describing embodiments of
the present invention refers to “one or more embodiments of
the present invention.” As used herein, the terms “use,”
“using,” and “used” may be considered synonymous with
the terms “utilize,” “utilizing,” and “utilized,” respectively.
Also, the term “exemplary” is intended to refer to an
example or illustration.

[0045] The electronic or electric devices and/or any other
relevant devices or components according to embodiments
of the present invention described herein may be imple-
mented utilizing any suitable hardware, firmware (e.g. an
application-specific integrated circuit), software, or a com-
bination of software, firmware, and hardware. For example,
the various components of these devices may be formed on
one integrated circuit (IC) chip or on separate 1C chips.
Further, the various components of these devices may be
implemented on a flexible printed circuit film, a tape carrier
package (TCP), a printed circuit board (PCB), or formed on
one substrate. Further, the various components of these
devices may be a process or thread, running on one or more
processors, in one or more computing devices, executing
computer program instructions and interacting with other
system components for performing the various functional-
ities described herein. The computer program instructions
are stored in a memory which may be implemented in a
computing device using a standard memory device, such as,
for example, a random access memory (RAM). The com-
puter program instructions may also be stored in other
non-transitory computer readable media such as, for
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example, a CD-ROM, flash drive, or the like. Also, a person
of skill in the art should recognize that the functionality of
various computing devices may be combined or integrated
into a single computing device, or the functionality of a
particular computing device may be distributed across one
or more other computing devices without departing from the
spirit and scope of the exemplary embodiments of the
present invention.

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which the present invention 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/or the present specification, and should not
be interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0047] FIG. 1 is a block diagram showing a liquid crystal
display device DD according to an exemplary embodiment
of the present disclosure, and FIG. 2 is a timing diagram
showing signals of the liquid crystal display device DD
according to an exemplary embodiment of the present
disclosure.

[0048] Referring to FIG. 1, the liquid crystal display
device DD includes a liquid crystal display panel DP, a gate
driver 100, a data driver 200, and a signal controller 300.

[0049] The liquid crystal display device DD including the
liquid crystal display panel DP may further include a polar-
izer and a backlight unit.

[0050] The liquid crystal display panel DP includes a first
substrate DS1, a second substrate DS2 spaced from the first
substrate DS1, and a liquid crystal layer between the first
substrate DS1 and the second substrate DS2. When viewed
in a plan view, the liquid crystal display panel DP includes
a display area DA in which mxn pixels PX,, to PX  are
arranged (e.g., arranged in m rows and in 1 columns), and
includes a non-display area NDA surrounding the display
area DA.

[0051] The liquid crystal display panel DP includes m gate
lines GL1 to GLm on the first substrate DS1, and n data lines
DL1 to DLn on the first substrate DS1 and crossing the gate
lines GL1 to GLm. The m gate lines GL1 to GLm are
connected to the gate driver 100. The n data lines DL1 to
DLn are connected to the data driver 200. FIG. 1 shows a
portion of the m gate lines GL1 to GLm and a portion of the
n data lines DL1 to DLn. In addition, the liquid crystal
display panel DP may further include a dummy gate line
GLd in the non-display area NDA on the first substrate DS1.

[0052] FIG. 1 shows a portion of the mxn pixels PX; to
PX,,,.- Each of the mxn pixels PX,, to PX,,, is connected to
a corresponding gate line of them gate lines GL1 to GLm,
and is connected to a corresponding data line of the n data
lines DL1 to DLn. However, the dummy gate line GL.d is not
connected to the pixels PX,, to PX_ .

[0053] The pixels PX,, to PX,, may be grouped into a
plurality of groups according to colors displayed by the
pixels PX, to PX . Each of the pixels PX,, to PX, ,
displays one of primary colors. The primary colors may
include red, green, blue, and white colors, although the
present disclosure is not be limited thereto or thereby. That
is, the primary colors may further, or instead, include various
colors (e.g., yellow, cyan, magenta, etc.).
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[0054] The gate driver 100 and the data driver 200 receive
control signals from the signal controller 300 (e.g., from a
timing controller). The signal controller 300 is mounted on
a main circuit board MCB. The signal controller 300 may
receive image data and control signals from an external
graphic controller. The control signals may include a vertical
synchronization signal Vsync as a frame distinction signal to
distinguish frame periods F,_,, F,, and F,,,, a horizontal
synchronization signal Hsync as a row distinction signal to
distinguish horizontal periods HP, and a data enable signal
maintained at a high level during a period, in which data are
output, to indicate a data input period. The control signals
may also include clock signals.

[0055] The gate driver 100 generates gate signals GS1 to
GSm during the frame periods F,_,, F,, and F,,; in response
to the control signal (hereinafter, referred to as a gate control
signal) provided from the signal controller 300, and applies
the gate signals GS1 to GSm to the gate lines GL1 to GLm.
The gate signals GS1 to GSm are sequentially output to
correspond to the horizontal periods HP. The gate driver 100
may be formed at about the same time as the pixels PX, to
PX,,, through a thin film process. For instance, the gate
driver 100 may be mounted in the non-display area NDA in
an ASG (amorphous silicon TFT gate driver circuit) form, or
in an OSG (oxide semiconductor TFT gate driver circuit)
form. The gate driver 100 of the ASG form or the OSG form
may be vulnerable to a horizontal line defect caused by an
IR drop because the gate signals GS1 to GSm applied to the
gate lines GL1 to GLm partially overlap with each other in
time.

[0056] FIG. 3 is an equivalent circuit diagram showing
one pixel PX,; of the pixels PX), to PX,,, according to an
exemplary embodiment of the present disclosure. The pixels
PX,, to PX,,, shown in FIG. 1 have the same structure and
function, and thus, only the one pixel PX,, will be described
in detail with reference to FIG. 3.

[0057] Referring to FIG. 3, the pixel PX,; includes a first
sub-pixel SPX1 and a second sub-pixel SPX2.

[0058] The first sub-pixel SPX1 includes a first transistor
TR1, a first liquid crystal capacitor CM, and a first storage
capacitor Cstl.

[0059] The first transistor TR1 includes a first control
electrode CEl, a first input electrode IE1, and a first output
electrode OF1. The first control electrode CE1 is connected
to a corresponding gate line GLi. The first input electrode
TE1 is connected to a corresponding data line DILj. The first
output electrode OE1 is connected to the first liquid crystal
capacitor CLc1 and the first storage capacitor Cstl. The first
transistor TR1 applies a data signal DATA (see FIG. 2)
provided from the data line DLj to the first liquid crystal
capacitor Clcl. Here, the data signal DATA corresponds to
a data voltage.

[0060] The first liquid crystal capacitor CM is formed by
a first pixel electrode PE1 and a first common electrode
ME1, which face each other such that the liquid crystal layer
is therebetween.

[0061] The first storage capacitor Cstl is formed by the
first pixel electrode PE1 and a first storage electrode STE1,
which overlap each other.

[0062] The second sub-pixel SPX2 includes a second
transistor TR2, a third transistor TR3, a second liquid crystal
capacitor Clc2, and a second storage capacitor Cst2.
[0063] The second transistor TR2 includes a second con-
trol electrode CE2, a second input electrode IE2, and a
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second output electrode OF2. The second control electrode
CE2 is connected to the gate line GLi, and the second input
electrode TE2 is connected to the data line DLj. The second
output electrode OE2 is connected to the second liquid
crystal capacitor Clc2 and to the second storage capacitor
Cst2. The second transistor TR2 applies the data signal
DATA provided from the data line DL to the second liquid
crystal capacitor Clc2. Here, the data signal DATA corre-
sponds to the data voltage.

[0064] The third transistor TR3 includes a third control
electrode CH3, a third input electrode TE3, and a third output
electrode OE3. The third control electrode CE3 is connected
to the gate line GLi, and the third input electrode IE3 is
connected to the second liquid crystal capacitor Clc2 and to
the second storage capacitor Cst2. The third output electrode
OE3 is applied with a storage voltage Vest. The third
transistor TR3 applies the storage voltage Vst to the second
liquid crystal capacitor Clc2.

[0065] The second liquid crystal capacitor Clc2 includes a
second pixel electrode PE2 and a second common electrode
ME2, which face each other such that the liquid crystal layer
is therebetween.

[0066] The second storage capacitor Cst2 includes the
second pixel electrode PE2 and a second storage electrode
STE2, which overlap each other.

[0067] The first and second common electrodes ME1 and
ME2 receive a common voltage Vcom, and the first and
second storage electrodes STE1 and STE2 receive the
storage voltage Vcst.

[0068] The first, second, and third transistors TR1, TR2,
and TR3 are substantially simultaneously turned on in
response to the gate signal provided through the gate line
GLi. The data voltage is applied to the first sub-pixel SPX1
through the turned-on first transistor TR1. In detail, the data
voltage provided through the data line DL is applied to the
first pixel electrode PE1 of the first sub-pixel SPX1 through
the turned-on first transistor TR1.

[0069] The first liquid crystal capacitor Clcl is charged
with a first pixel voltage corresponding to the data voltage.
In detail, the first pixel voltage, which corresponds to a
difference in level between the data voltage applied to the
first pixel electrode PE1 and the common voltage Vcom
applied to the first common electrode MFE1, is charged in the
first liquid crystal capacitor Clcl. Accordingly, the first
sub-pixel SPX1 is charged with the first pixel voltage.
[0070] The data voltage is applied to the second sub-pixel
SPX2 through the turned-on second transistor TR2, and the
storage voltage Vest is applied to the second sub-pixel SPX2
through the turned-on third transistor TR3.

[0071] The storage voltage Vcst swings between a first
electric potential level V1 and a second electric potential
level V2 (e.g., see FIG. 4B). The second electric potential
level V2 is greater than the first electric potential level V1.
[0072] The data voltage has a range of voltage levels,
which is set to be wider than a voltage level of the storage
voltage Vest. The common voltage Veom has an interme-
diate value of the range of voltage level of the data voltage.
An absolute value of a difference in voltage level between
the data voltage and the common voltage Vcom is greater
than an absolute value of a difference in voltage level
between the storage voltage Vest and the common voltage
Veom.

[0073] The second and third transistors are connected to
each other in series. A contact voltage between the second
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and third transistors TR2 and TR3 is obtained by voltage-
division using a resistance of each of the second and third
transistors TR2 and TR3. That is, the contact voltage
between the second and third transistors TR2 and TR3 has
a value between the data voltage provided through the
turned-on second transistor TR2 and the storage voltage
Vest provided through the third transistor TR3. The contact
voltage between the second and third transistors TR2 and
TR3 is applied to the second pixel electrode PE2. That is, the
voltage corresponding to the value between the data voltage
and the storage voltage Vest is applied to the second pixel
electrode PE2.

[0074] The second pixel voltage, which corresponds to the
difference between the voltage applied to the second pixel
electrode PE2 and the common voltage Vcom applied to the
second common electrode ME2, is charged in the second
liquid crystal capacitor Clc2. That is, the second pixel
voltage, which is smaller than the first pixel voltage, is
charged in the second liquid crystal capacitor Clc2. There-
fore, the second sub-pixel SPX2 is charged with the second
pixel voltage that is smaller than the first pixel voltage.

[0075] The first and second sub-pixels SPX1 and SPX2
display the images having different grayscale values due to
the above-mentioned driving method, and thus, a visibility
of the display device DD may be improved.

[0076] FIG. 4A is a view showing a frame inversion
driving scheme of a display device according to an exem-
plary embodiment of the present disclosure, and FIG. 4B is
a timing diagram showing a frame inversion driving scheme
of a display device according to an exemplary embodiment
of the present disclosure.

[0077] FIG. 4A shows a k-th frame period F, and a (k+1)th
frame period F,,, among the frame periods. In addition,
FIG. 4A shows sixty-four (64) pixels on the assumption that
m is 8 and n is 8 in the present embodiment, and that each
box corresponds to the pixel PX,; shown in FIG. 3.

[0078] The data voltages applied to the pixels during the
k-th frame period F, have a positive polarity. On the con-
trary, the data voltages applied to the pixels during the
(k+D)th frame period F,,, have a negative polarity. In the
case of the frame inversion driving scheme, the data voltages
applied to the pixels during one frame period have the same
polarity, and the polarity of the data voltages is inverted
during a next frame period.

[0079] Referring to FIGS. 3 and 4B, the storage voltage
Vest applied to the third output electrode OE3 of the third
transistor TR3 swings between V1 and V2, and has a period
that is the same as the frame period. For instance, in the case
where the liquid crystal display device DD displays the
frame periods at 60 Hz, a frequency of the storage voltage
Vest is 60 Hz.

[0080] The one period of the storage voltage Vcst is
divided into a first earlier period (e.g., half period) HF1 and
a first later period (e.g., half period) HS1. The first earlier
period HF1 has substantially the same length as the first later
period HS1. In the first earlier period HF1, the third tran-
sistor TR3 applies the storage voltage Vst having the first
electric potential level V1 to the second liquid crystal
capacitor Cle2. In the first later period HS1, the third
transistor TR3 applies the storage voltage Vcest having the
second electric potential level V2, which is greater than the
first electric potential level V1, to the second liquid crystal
capacitor Clc2.
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[0081] As described above, because the storage voltage
Vest, which changes once for every frame period, is applied
to the third output electrode OE3 in the liquid crystal display
device DD driven in the frame inversion driving scheme, a
voltage drop generated by a storage line extending from the
storage electrodes STE1 and STE2 (i.e., an IR drop) may be
reduced or prevented from occurring.

[0082] FIG. 5A is a view showing a line inversion driving
scheme of a display device according to an exemplary
embodiment of the present disclosure, and FIG. 5B is a
timing diagram showing a line inversion driving scheme of
a display device according to an exemplary embodiment of
the present disclosure.

[0083] FIG. 5A shows a k-th frame period F, and a (k+1)th
frame period F,,, among the frame periods. In addition,
FIG. 5A shows sixty-four (64) pixels on the assumption that
m is 8 and n is 8, and each box corresponds to the pixel PX,,
shown in FIG. 3.

[0084] The mxn pixels are divided into m pixel rows and
n pixel columns. In the line inversion driving scheme, the
polarity of the data voltages applied to the pixels is inverted
for every pixel row. Thus, the polarity of the data voltages
applied to one pixel row among the pixel rows is different
from the polarity of the data voltages applied to a pixel row
that is adjacent the one pixel row.

[0085] Referring to FIG. 5A, the data voltages applied to
the pixels arranged in odd-numbered rows during the k-th
frame period F, have the positive polarity, and the data
voltages applied to the pixels arranged in even-numbered
rows during the k-th frame period F, have the negative
polarity. On the contrary, the data voltages applied to the
pixels arranged in the odd-numbered rows during the (k+1)
th frame period F,, ; have the negative polarity, and the data
voltages applied to the pixels arranged in even-numbered
rows during the (k+1)th frame period F, ; have the positive
polarity.

[0086] Referring to FIGS. 3 and 5B, the storage voltage
Vest applied to the third output electrode OE3 of the third
transistor TR3 swings at m periods for every frame period.
For instance, when the liquid crystal display device DD
displays the frame periods at 60 Hz, a frequency of the
storage voltage Vcest is mx60 Hz.

[0087] Each of the m periods of the storage voltage Vest
is divided into a second earlier period HF2 and a second later
period HS2. The second earlier period HF2 has substantially
the same length as the second later period HS2. In the second
earlier period HF2, the third transistor TR3 applies the
storage voltage Vest having the first electric potential level
V1 to the second liquid crystal capacitor Clc2. In the second
later period HS2, the third transistor TR3 applies the storage
voltage Vst having the second electric potential level V2,
which is greater than the first electric potential level V1, to
the second liquid crystal capacitor Clc2.

[0088] As described above, because the storage voltage
Vest swung at m periods for every frame period is applied
to the third output electrode OE3 in the liquid crystal display
device DD driven in the line inversion driving scheme, a
voltage drop generated by a storage line extending from the
storage electrodes STE1 and STE2 (i.e., an IR drop) may be
reduced or prevented from occurring.

[0089] FIG. 6A is a view showing a dot inversion driving
scheme of a display device according to an exemplary
embodiment of the present disclosure, and FIG. 6B is a
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timing diagram showing a dot inversion driving scheme of
a display device according to an exemplary embodiment of
the present disclosure.
[0090] FIG. 6A shows ak-th frame period F, and a (k+1)th
frame period F,,, among the frame periods. In addition,
FIG. 6A shows sixty-four (64) pixels on the assumption that
m is 8 and n is 8, and each box corresponds to the pixel PX;
shown in FIG. 3.
[0091] The mxn pixels receive data voltages dot-inverted
at every frame period. Each of the mxn pixels is applied with
the data voltage having a different polarity from that of
pixels adjacent thereto (e.g., adjacent in horizontal or ver-
tical directions). In addition, the polarity of the data voltage
applied to each of the mxn pixels is inverted every frame
period.
[0092] Referring to FIGS. 3 and 6B, the storage voltage
Vest applied to the third output electrode OE3 of the third
transistor TR3 swings at mxn periods for every frame
period. For instance, when the liquid crystal display device
DD displays the frame periods at 60 Hz, a frequency of the
storage voltage Vest is mxnx60 Hz.
[0093] Each of the mxn periods of the storage voltage Vest
is divided into a third earlier period HF3 and a third later
period HS3. The third earlier period HF3 has substantially
the same length as the third later period HS3. In the third
earlier period HF3, the third transistor TR3 applies the
storage voltage Vest having the first electric potential level
V1 to the second liquid crystal capacitor Clc2. In the third
later period HS3, the third transistor TR3 applies the storage
voltage Vst having the second electric potential level V2,
which is greater than the first electric potential level V1, to
the second liquid crystal capacitor Clc2.
[0094] As described above, because the storage voltage
Vest swung at mxn periods for every frame period is applied
to the third output electrode OE3 in the liquid crystal display
device DD driven in the dot inversion driving scheme, a
voltage drop generated by a storage line extending from the
storage electrodes STE1 and STE2 (i.e., an IR drop) may be
reduced or prevented from occurring.
[0095] Although the exemplary embodiments of the pres-
ent invention have been described, it is understood that the
present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed by the
following claims and their equivalents.
What is claimed is:
1. A liquid crystal display panel comprising:
m gate lines (m being a positive integer);
n data lines (n being a positive integer); and
mxn pixels each connected to a corresponding gate line of
them gate lines, each connected to a corresponding data
line of the n data lines, and each comprising a first
sub-pixel and a second sub-pixel,
wherein the first sub-pixel comprises:
a first liquid crystal capacitor; and
a first transistor configured to receive a data signal from
the corresponding data line, and configured to apply
the data signal to the first liquid crystal capacitor, and
wherein the second sub-pixel comprises:
a second liquid crystal capacitor;
a second transistor configured to apply the data signal
to the second liquid crystal capacitor; and
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a third transistor configured to apply a storage voltage,
which is configured to swing between a first electric
potential level and a second electric potential level
that is greater than the first electric potential level, to
the second liquid crystal capacitor.

2. The liquid crystal display panel of claim 1, wherein
each of the first, second, and third transistors comprises a
control electrode connected to the corresponding gate line.

3. The liquid crystal display panel of claim 2, wherein the
third transistor is connected to the second transistor in series.

4. The liquid crystal display panel of claim 1, wherein the
first sub-pixel further comprises a first storage capacitor, and

wherein the second sub-pixel further comprises a second

storage capacitor.

5. The liquid crystal display panel of claim 4, wherein the
first storage capacitor comprises:

a first pixel electrode configured to receive the data signal;

and

a first storage electrode configured to receive the storage

voltage, and wherein the second storage capacitor com-

prises:

a second pixel electrode configured to receive the data

signal; and

a second storage electrode configured to receive the

storage voltage.

6. The liquid crystal display panel of claim 1, wherein the
data signal has a polarity inverted every frame period.

7. The liquid crystal display panel of claim 6, wherein the
data signal applied to the mxn pixels at one period for every
frame period has a same polarity.

8. The liquid crystal display panel of claim 7, wherein the
storage voltage swings at one period for every frame period.

9. The liquid crystal display panel of claim 8, wherein the
one period comprises:

an earlier period in which the third transistor applies the

storage voltage having the first electric potential level

to the second liquid crystal capacitor; and

a later period in which the third transistor applies the

storage voltage having the second electric potential

level to the second liquid crystal capacitor.

10. The liquid crystal display panel of claim 9, wherein
the mxn pixels are divided into m pixel rows and n pixel
columns, the m pixel rows being configured to receive the
data signals, which are configured to be line-inverted every
frame period.

11. The liquid crystal display panel of claim 10, wherein
the storage voltage is configured to swing at each of m
periods for every frame period.

12. The liquid crystal display panel of claim 11, wherein
each of them periods comprises:

an earlier period in which the third transistor is configured

to apply the storage voltage having the first electric

potential level to the second liquid crystal capacitor;
and

a later period in which the third transistor is configured to

apply the storage voltage having the second electric

potential level to the second liquid crystal capacitor.

13. The liquid crystal display panel of claim 9, wherein
the mxn pixels are configured to receive the data signals,
which are configured to be dot-inverted every frame period.

14. The liquid crystal display panel of claim 13, wherein
the storage voltage is configured to swing at mxn periods for
every frame period.
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15. The liquid crystal display panel of claim 14, wherein
each of the mxn periods comprises:
an earlier period in which the third transistor is configured
to apply the storage voltage having the first electric
potential level to the second liquid crystal capacitor;
and
a later period in which the third transistor is configured to
apply the storage voltage having the second electric
potential level to the second liquid crystal capacitor.
16. A liquid crystal display device comprising:
a liquid crystal display panel comprising:
m gate lines (m being a positive integer);
n data lines (n being a positive integer);
mxn pixels, each being connected to a corresponding
gate line of the m gate lines, each being connected to
a corresponding data line of then data lines, and each
comprising a first sub-pixel and a second sub-pixel;
a gate driver configured to apply gate signals to the liquid
crystal display panel; and
a data driver configured to apply data signals to the liquid
crystal display panel,
wherein the first sub-pixel comprises:
a first liquid crystal capacitor; and
a first transistor configured to receive a data signal from
the corresponding data line, and configured to apply
the data signal to the first liquid crystal capacitor, and
wherein the second sub-pixel comprises:
a second liquid crystal capacitor;
a second transistor configured to apply the data signal
to the second liquid crystal capacitor; and
a third transistor configured to apply a storage voltage,
which is configured to swing between a first electric
potential level and a second electric potential level
that is greater than the first electric potential level, to
the second liquid crystal capacitor.

Jan. 26,2017

17. The liquid crystal display device of claim 16, wherein
each of the first, second, and third transistors comprises a
control electrode connected to the corresponding gate line.

18. The liquid crystal display device of claim 16, wherein
the data driver is configured to apply the data signal inverted
every frame period to each of the n data lines.

19. A liquid crystal display panel comprising:

m gate lines (m being a positive integer);

n data lines (n being a positive integer); and

mxn pixels, one of the mxn pixels comprising a first

sub-pixel and a second sub-pixel,

wherein the first sub-pixel comprises a first transistor

comprising a first control electrode, a first input elec-

trode, and a first output electrode,

wherein the second sub-pixel comprises:

a second transistor comprising a second control elec-
trode, a second input electrode, and a second output
electrode; and

a third transistor comprising a third control electrode, a
third input electrode connected to the second output
electrode, and a third output electrode,

wherein the first, second, and third control electrodes are

connected to an i-th gate line of them gate lines (i being

a positive integer),

wherein the first and second input electrodes are con-

nected to a j-th data line of the n data lines a being a

positive integer), and

wherein an electrical signal that is configured to be

applied to the third output electrode is configured to

swing between a first electric potential value and a

second electric potential value that is different from the

first electric potential value.
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