US 20070285369A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2007/0285369 A1l

Park et al. 43) Pub, Date: Dec. 13, 2007
(54) LIQUID CRYSTAL DISPLAY DEVICE AND Publication Classification
DRIVING METHOD 1) Int. CL
(75) Inventors: Ki Bok Park, Gunpo-si (KR); G09G 3/36 (2006.01)
Sang Ho Choi, Gunpo-si (KR) (52) UsSe €l wovveoreseseeesseress s seesessee 345/90
Correspondence Address:
BRINKS HOFER GILSON & LIONE G7) ABSTRACT
gl(;lgz?()}(()l 0133 56 0610 There is disclosed a liquid crystal display device and driving
’ method are provided. The liquid crystal display device
. ) includes a liquid crystal display panel where pixels are
(73)  Assignee: LG PHILIPS LCD CO., LTD. defined by gate lines and data lines that are arranged in a
21)  Appl. No.: 11/589.586 matrix shape. A gate driver is operable to supply a gate
(21) Appl. No ’ voltage to the liquid crystal display panel. A data driver is
(22) Filed: Oct. 30, 2006 operable to supply a data voltage to the liquid crystal display
panel. The pixels are each independently operable to be
(30) Foreign Application Priority Data driven by drive voltages, which have different polarities
from each other, and include first and second liquid crystal
Jun. 12,2006 (KR) wovveereerrerirenieecienn. 2006-0052737  cells which realize the same gray level.
Veom » »

1Clc

1Cst|

X

2Clc [2Cst

1GL

o
1TFT

2TFT

2GL




Patent Application Publication  Dec. 13,2007 Sheet 1 of 13 US 2007/0285369 A1

|_
C
T <C
0O
QOw
—
1%
LLd 3
g +—|
o
o
¢ 'Y
L
N —

1

DL

Vcom
GL



Patent Application Publication  Dec. 13,2007 Sheet 2 of 13 US 2007/0285369 A1

WON O
NN N
I ——
J] —
v 0]
-
~
\\ \_(Q
E ™
N< 'd-\_/i
‘0
(Dw 2
T
Ll—_,.l g
(W] -
m ~

18

6

-

7

6 24
NS
30

7/

I »




Patent Application Publication  Dec. 13,2007 Sheet 3 of 13 US 2007/0285369 A1

+ Lo+ l+ ]+
EE RS R
R N I T R T A
e+ + 0]+
&
+ Lo l+ Lo+ 0+
b+ l+ L[+ ]|+
+ Lo+l 0]+
L+t [+ 0+ 101 ]+
r
N < ﬁ
‘O
L
OF
U—d L+l + L+ [+
C
+Lol+ o+ [+
L+ b+ [+ 0+
L] -
l+ i t+ L+ ] [+ [ E
+lol+ 0+ l+ ]
L+ L+ [+ ]+
Flaol+ o+ [+




US 2007/0285369 A1

IBA ---
- | N T
- AL Nb L
M I /_ |
s o] S Iy N A —— 1 P O
@ IIA
[N dAV
5 ~ 6
= UBA --
E |

14V d31vi3d

v Ol

Patent Application Publication



US 2007/0285369 A1

Dec. 13,2007 Sheet 5 of 13

Patent Application Publication

022
!
U9
S REEINIe
0e~ 31vD
AL
d
\\\N//
! H_ 119
wigz[widt| = = = 21de| ¢1ad |Mde [Fat ¥ SO G5 o0INGS
012~ H3IAIHA V.IVa N S5 a5 ONIALL
/
002

1dv d3ivi3d

¢ old




Patent Application Publication  Dec. 13,2007 Sheet 6 of 13 US 2007/0285369 A1

a °
~
- o I
'—
(O-q: ¢ NN o";ﬁ !
O = N
Ou O
T —
Ll o
C ¢
g.
[l .
i {)(}2 an
O —
= e
1
O @

Vcom
GL



US 2007/0285369 A1

Dec. 13,2007 Sheet 7 of 13

Patent Application Publication

CPA
)

_—

l--'

UBA --

(=)

B (R GR—
w |

.. e

A



Patent Application Publication  Dec. 13,2007 Sheet 8 of 13 US 2007/0285369 A1

S

| SRR
TN %jé
\‘;\\ — ;/E 1.”; B 5
l r l LA -
O | 2 N
LL . \\ | T \
. ) I \
- | i N\
N e \
I \§\ 5 _| l\\\.. \
§~8§\\\\\\\\V§\\\\\\\\(§§\ SN
» ¥ LN

102



US 2007/0285369 A1

oc!t

/N

9LL  pyy 90+ ¥2k 92t |
\ \ \ [/

[ ( e\

fnnaind \

Y4
OFL 80L  opy

Dec. 13,2007 Sheet 9 of 13

6 9Old

Patent Application Publication



US 2007/0285369 A1

OWN

uioe

ulo L
B |
P.m |
m |
z 08z ~ z1oz | 43AHA
= 31VD
75 d c191l
~ ¥, .
m el B, L19¢

- l |
m ~o_ b 191
2 .
H3T10HLNOOD
0lc— d3IAIHA vivd i S 99y . ONINIL
00¢

0L DI

Patent Application Publication



Patent Application Publication  Dec. 13,2007 Sheet 11 of 13 US 2007/0285369 A1

17
@)
N
”o
O
Al ¢ {)(]N '
—
) ol Hg
Ll - | -
¢ D(}g = %
Q h ot
I e e
5‘ ® o

Vcom
1GL
2GL



US 2007/0285369 A1

LY XN S |
| 1 !
PAZ ~3 (=) ; i

O e e S B WwooA
W i | i _
e iaiiits b ; “ i
s “ " | "
e ! 1 2BA ~ 1 I
on - SR m
2 | ! ! |
2 | | h _
I~ ‘I.llllll-lv ] |
S v>v)..~ (=) ! “ “
| [ | 1 I

o - - ,—_ - - - i - . - WOOA
o [ | 1
% u ﬁ+v 1
a PAL~A . ___U!

ybA -- LOA ~

| dOoIY3d IAVHS | |

¢l Old

Patent Application Publication



=
Z (A)9BEIOA
& o g 9 p 2 0
2 0
S o’ :
2 - So4—[BWION ==m= [~~~ 7"~ 7 L0
L . —
||||||||| 71203
e SH4-00.H ISHT| e -
e e B e €0 2
< o
L EEEEEEES r'0 3
@ n D
: Feoo o o S0 &
m, il TN Y /. 90 =
m N N o]0
a
8°0

anIND) A

€1 Ol

Patent Application Publication



US 2007/0285369 A1l

LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD

[0001] This application claims the benefit of the Korean
Patent Application No. P06-0052737 filed on Jun. 12, 2006,
which is hereby incorporated by reference.

BACKGROUND

[0002] 1. Field

[0003] The present embodiments relate to a liquid crystal
display device, and more particularly to a liquid crystal
display device that is adaptive for minimizing flickers and
residual images, and a driving method thereof.

[0004] 2. Related Art

[0005] A liquid crystal display device controls the light
transmittance of liquid crystal by use of an electric field,
thereby displaying a picture. Liquid crystal display devices
are mainly classified into vertical electric field applying
types and horizontal electric field applying types in accor-
dance with the location of the electric field that drives the
liquid crystal.

[0006] The vertical electric field applying type drives a
liquid crystal of TN mode by the vertical electric field
formed between a common electrode and a pixel electrode
which are opposite in upper and lower substrates. The
vertical electric field applying type liquid has a high aperture
ratio, but also has a narrow viewing angle of about 90°.
[0007] The horizontal electric field applying type drives a
liquid crystal of in-plane switch (hereinafter, referred to as
‘IPS’) mode using a horizontal electric field between a
common electrode and a pixel electrode that are disposed to
be parallel in a lower substrate. The horizontal electric field
applying type has a wide viewing angle of about 160° and
a low aperture ratio and transmittance.

[0008] In order to improve the low aperture ratio and
transmittance of the horizontal electric field applying type,
a fringe field switching (hereinafter, referred to as ‘FFS”)
type liquid crystal display device which is driven by a fringe
field is used. The FFS type liquid crystal display device
includes a pixel electrode and a common electrode plate that
has an insulating film therebetween in each pixel area, and
forms a gap between the common electrode plate and the
pixel electrode to be narrower than a gap between the upper
and lower substrates, thereby forming the fringe field. Lig-
uid crystal molecules filled in a space between the upper and
lower substrates are operated by the fringe field, thereby
improving the aperture ratio and the transmittance.

[0009] FIG. 1 is a circuit diagram representing one pixel
of a FFS type liquid crystal display device according to the
related art. FIG. 2 is a cross sectional diagram illustrating a
thin film transistor substrate included in the FFS type liquid
crystal display device.

[0010] Referring to FIG. 1, the FFS type liquid crystal
display device includes a plurality of liquid crystal cells Clc
which are arranged in a matrix type at the crossing part of
data lines DL and gate lines GL. A TFT formed at each of
the liquid crystal cells supplies a data signal from the data
line DL to the liquid crystal cell Clc in response to a scan
signal supplied from the gate line.

[0011] InFIG. 2, a thin film transistor substrate of the FFS
type liquid crystal display device includes a gate line GL and
a data line DL which are formed to cross with a gate
insulating film 22 therebetween on a lower substrate 20. A
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thin film transistor is formed at each crossing part thereof. A
common electrode plate 14 and a pixel electrode slit 18
which are formed with the gate insulating film 22 and a
passivation film 28 therebetween so as to form a fringe field
in a pixel area provided by the crossing structure. A common
line 16 is connected to the common electrode plate 14.
[0012] The common electrode plate 14 is formed in each
pixel area, and receives a reference voltage (hereinafter,
referred to as ‘common voltage Vcom”) that drives the liquid
crystal through the common line 16 which is formed on the
common electrode plate 14 and connected to the common
electrode plate 114. The common electrode plate 14 is
formed of a transparent conductive layer and the common
line 16 together with the gate line 2 is formed of a gate metal
layer.

[0013] The thin film transistor TFT makes the pixel signal
of the data line 4 charged and stored in the pixel electrode
slit 18 in response to the gate signal of the gate line GL. For
example, the thin film transistor TFT includes a gate elec-
trode 6 connected to the gate line GL. A source electrode is
connected to the data line 4. A drain electrode 10 is con-
nected to the pixel electrode slit 18. An active layer overlaps
the gate electrode 6 with the gate insulating film 22 to form
a channel between the source electrode 8 and the drain
electrode 10. An ohmic contact layer 26 for an ohmic contact
between the source and drain electrodes 8, 10 and the active
layer 24. A semiconductor pattern 30 includes the active
layer 24 and the ohmic contact layer 26.

[0014] The pixel electrode slit 18 is connected to the drain
electrode 10 of the thin film transistor TFT through a contact
hole 12 which penetrates the passivation film 28 that over-
laps the common electrode plate 14. The pixel electrode slit
18 forms a fringe field with a common electrode plate 14 to
make liquid crystal molecules rotate by dielectric anisot-
ropy. The liquid crystal molecules are arranged in a hori-
zontal direction between a thin film transistor substrate and
a color filter substrate. The transmittance of the light trans-
mitted through a pixel area is changed in accordance with
the degree of rotation of the liquid crystal molecules, thereby
realizing a gray level.

[0015] A storage capacitor Cst that stably maintains the
video signal supplied to the pixel electrode slit 18 is formed
between the common electrode plate 14 and the pixel
electrode slit 18. The storage capacitor Cst stores the voltage
of the liquid crystal cell Clc at a fixed level.

[0016] The liquid crystal display device 1s driven by an
inversion method of periodically inverting the polarity of the
data charged in the liquid crystal cell to reduce flickers and
residual images. The inversion method is classified into a
line inversion method where the polarity of data is inverted
between the adjacent liquid crystal cells in a vertical line
direction. A column inversion method has the polarity of
data inverted between the adjacent liquid crystal cells in a
horizontal line direction. A dot inversion method has the
polarity of the data inverted between the adjacent liquid
crystal cells in the vertical line direction and the horizontal
line direction.

[0017] In the dot inversion method, as shown in FIG. 1,
the polarities of the data supplied to each of the adjacent
liquid crystal cells are contrary to each other in the vertical
direction and the polarities of the data supplied to each of the
adjacent liquid crystal cells are contrary to each other in the
horizontal direction. The polarity of the data is inverted for
each frame (Fn-1, Fn).
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[0018] A feed-through voltage AVp is generated that
results in the flickers and the residual images during the
driving of the liquid crystal display device by the dot
inversion method.

[0019] Referring to FIG. 4, a gate voltage Vg is supplied
to the gate electrode 8 of the TFT 6 and a data voltage Vd
is supplied to the source electrode 10. If a gate high voltage
Vgh being not less than a threshold voltage of the TFT 6 is
applied to the gate electrode 8 of the TFT 6, a channel is
formed between the source electrode 10 and the drain
electrode 12, and the data voltage Vd is charged in the liquid
crystal cell Clc and the storage capacitor Cst through the
source electrode 10 and the drain electrode 12 of the TFT.
[0020] The feed-through voltage AVp is the difference
between the data voltage and the voltage charged in the
liquid crystal.

[0021] The feed-through voltage AVp is not fixed because
the polarity of the data is inverted for each frame (Fn-1, Fn)
or in accordance with the gray level. Thus, the common
voltage Vcom is not located in the center of the positive data
voltage and the negative data voltage. For example, the
feed-through voltage AVp in the positive data voltage for
displaying a white color and the feed-through voltage AVp
in the negative data voltage for displaying a white color are
not the same in magnitude, thus an effective value of the data
voltage for expressing the same gray level is not fixed in
accordance with the polarity. Accordingly, the common
voltage being a DC voltage cannot be set as an optimal
common voltage value corresponding to the center of the
positive data voltage and the negative data voltage. A
brightness difference is generated between frames, thereby
still resulting in the flickers and the residual images.
[0022] Accordingly, a liquid crystal display device that is
adaptive for minimizing flickers and residual images is
desired.

SUMMARY

[0023] In one embodiment, a liquid crystal display device
includes a liquid crystal display panel where pixels defined
by gate lines and data lines are arranged in a matrix shape.
A gate driver supplies a gate voltage to the liquid crystal
display panel. A data driver supplies a data voltage to the
liquid crystal display panel, and the pixels are each inde-
pendently driven by drive voltages of which the polarities
are different from each other, and include first and second
liquid crystal cells which realize the same gray level.
[0024] In one embodiment, each pixel is defined by one
gate line that crosses a first data line to which a first data
voltage is supplied and a second data line to which a second
data voltage is supplied.

[0025] In one embodiment, polarities of the first and
second data voltages are inverted for each frame.

[0026] In the liquid crystal display device, the first liquid
crystal cell includes a first thin film transistor located at the
crossing area of the gate line and the first data line, a first
pixel electrode connected to the first thin film transistor, and
a common voltage supplier which forms an electric field
with the first pixel electrode. The second liquid crystal cell
includes a second thin film transistor located at the crossing
area of the gate line and the second data line, a second pixel
electrode connected to the second thin film transistor, and
the common voltage supplier which forms an electric field
with the second pixel electrode.
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[0027] 1In the liquid crystal display device, the polarity of
a pixel voltage supplied to each of the first and second liquid
crystal cells is inverted for each frame.

[0028] In the liquid crystal display device, the first and
second liquid crystal cells have a symmetric structure to
each other.

[0029] In the liquid crystal display device, the first and
second pixel electrodes include a plurality of line-shaped
finger parts that are parallel to the data line.

[0030] In the liquid crystal display device, the common
voltage supplier includes a common electrode plate that is
formed in a pixel area where the pixel is provided and which
forms a fringe electric field with the first and second pixel
electrodes. A common line supplies a common voltage to the
common electrode plate.

[0031] In the liquid crystal display device, the common
voltage supplier includes a finger-shaped common electrode
which is located parallel to the finger parts of the first and
second pixel electrodes to form a horizontal electric field
with the finger part.

[0032] In the liquid crystal display device, each of the
pixels is defined by one data line and first and second gate
lines.

[0033] In the liquid crystal display device, a first data
voltage synchronized with a first gate voltage from the first
gate line is supplied to the data line. A second data voltage
synchronized with a second gate voltage from the second
gate line is supplied to the data line.

[0034] In the liquid crystal display device, the first data
voltage and the second data voltage have different polarities
from each other.

[0035] In the liquid crystal display device, the polarities of
the first and second data voltages are inverted for each
frame.

[0036] In the liquid crystal display device, the first liquid
crystal cell includes a first thin film transistor located at the
crossing area of the first gate line and the data line, a first
pixel electrode connected to the first thin film transistor, and
a common voltage supplier which forms an electric field
with the first pixel electrode; and the second liquid crystal
cell includes a second thin film transistor located at the
crossing area of the second gate line and the data line, a
second pixel electrode connected to the second thin film
transistor, and the common voltage supplier which forms an
electric field with the second pixel electrode.

[0037] In the liquid crystal display device, the polarity of
a pixel voltage supplied to each of the first and second liquid
crystal cells is inverted for each frame.

[0038] In the liquid crystal display device, the first and
second pixel electrodes include a plurality of line-shaped
finger parts which are parallel to the data line.

[0039] In the liquid crystal display device, the common
voltage supplier includes a common electrode plate which is
formed in a pixel area where the pixel is provided and which
forms a fringe electric field with the first and second pixel
electrodes. A common line supplies a common voltage to the
common electrode plate.

[0040] In the liquid crystal display device, the common
voltage supplier includes a common electrode located par-
allel to the finger parts of the first and second pixel elec-
trodes to form a horizontal electric field with the finger part.
[0041] In the liquid crystal display device, the pixel real-
izes any one color of red, green and blue.
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[0042] A driving method of a liquid crystal display device
having a liquid crystal display panel where pixels are
arranged in a matrix shape according to another aspect of the
present invention includes the steps of dividing each of the
pixels into first and second liquid crystal cells which can be
independently driven; supplying a common voltage to the
first and second liquid crystal cells; and realizing the same
gray level in the first and second liquid crystal cells by
supplying the drive voltages, which are the same in magni-
tude on the basis of the common voltage and different in
polarity, to the first and second liquid crystal cells.

[0043] In the driving method, the polarity of a drive
voltage supplied to each of the first and second liquid crystal
cells are inverted for each frame.

[0044] In the driving method, the first liquid crystal cell is
defined by a gate line and a first data line to which a first data
voltage is supplied. The second liquid crystal cell is defined
by the gate line and a second data line to which a second data
voltage, which has a different polarity from the first data
voltage, is supplied.

[0045] In the driving method, the first liquid crystal cell is
defined by a data line and a first gate line to which a first gate
voltage is supplied. The second liquid crystal cell is defined
by the data line and a second gate line to which a second gate
voltage is supplied.

[0046] Inthe driving method, realizing the same gray level
in the first and second liquid crystal cells includes the steps
of realizing a first gray level in the first liquid crystal cell by
supplying the first gate voltage to the first gate line and
supplying a first data voltage synchronized with the first gate
voltage to the data line. Realizing the same gray level as the
first gray level in the second liquid crystal cell by supplying
the second gate voltage to the second gate line and supplying
a second data voltage synchronized with the second gate
voltage to the data line.

[0047] In the driving method, the first data voltage and the
second data voltage have different polarities from each other.
[0048] In the driving method, the polarities of the first and
second data voltages are inverted for each frame.

[0049] In the driving method, liquid crystals of the first
and second liquid crystal cells are driven by a fringe electric
field between the drive voltage and the common voltage.
[0050] In the driving method, liquid crystals of the first
and second liquid crystal cells are driven by a horizontal
electric field between the drive voltage and the common
voltage.

[0051] The driving method further includes the step of
optimizing the magnitude of the common voltage between a
first drive voltage supplied to the first liquid crystal cell and
a second drive voltage supplied to the second liquid crystal
cell after realizing the same gray level in the first and second
liquid crystal cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] FIG. 1 is a circuit diagram briefly representing one
pixel in an FFS type liquid crystal display device according
to the related art;

[0053] FIG. 2 is a cross sectional diagram representing a
thin film transistor array substrate of the FFS type liquid
crystal display device according to the related art;

[0054] FIG. 3 is a diagram briefly representing a data
polarity of a liquid crystal display panel which is driven by
a dot inversion method according to the related art;
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[0055] FIG. 4 is a waveform diagram representing a drive
characteristic of a liquid crystal display device of a dot
inversion method according to the related art;

[0056] FIG. 5 is a block diagram briefly representing a
liquid crystal display device according to one embodiment;
[0057] FIG. 6 is a circuit diagram specifically representing
one pixel in FIG. 5;

[0058] FIG. 7 is a waveform diagram representing a drive
characteristic of the liquid crystal display device according
the first embodiment;

[0059] FIG. 8 is a plan view representing a thin film
transistor array substrate of an FFS type liquid crystal
display device;

[0060] FIG. 9 is a cross sectional diagram illustrating the
thin film transistor array substrate taken along the line I-I' of
FIG. 8;

[0061] FIG. 10 is a block diagram briefly representing a
liquid crystal display device according to a second embodi-
ment;

[0062] FIG. 11 is a circuit diagram specifically represent-
ing one pixel in FIG. 10,

[0063] FIG. 12 is a waveform diagram representing a
drive characteristic of the liquid crystal display device
according to the second embodiment; and

[0064] FIG. 13 is an experimental data representing the
decrease of a liquid crystal drive voltage of the liquid crystal
display device.

DETAILED DESCRIPTION

[0065] In one embodiment, the liquid crystal display
device divides the pixel realizing any one color of red R,
green G and blue B into first and second sub-pixels which
have different polarities and have the same gray level at the
same time. The first and second sub-pixels express the same
gray level, but any one of the first and second sub-pixels
express the gray level by a positive data and the other
expresses the gray level by a negative data. The positive and
negative data are simultaneously realized within one pixel
even though the magnitude of the feed-through voltage AVp
is not identical. The effective value that expresses the gray
level can be stored regardless of the polarity at a fixed level.
The same brightness can be expressed irrespective of the
common voltage value and the magnitude of the feed-
through voltage for each frame (Fn-1, Fn), thereby solving
the flicker problem.

[0066] For example, the driving by the positive and nega-
tive data is all possible within each pixel. A user sets an
optimal common voltage value corresponding to the center
of a positive data voltage and a negative data voltage while
the flick problem is solved, thus it is possible to minimize the
residual image. The same brightness is expressed regardless
of the location of the common voltage for each frame (Fn-1,
Fn). If the common voltage value is set as an optimal value
with which the residual image is minimized between the
positive data voltage and the negative data voltage after
removing the flickers, then the flickers and the residual
images can be minimized.

[0067] Hereinafter, embodiments for representing the
foregoing operational effect will be specifically explained in
reference to the drawings.

[0068] FIG. 5 is a block diagram briefly representing a
liquid crystal display device according to a first embodi-
ment.
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[0069] Referring to FIG. 5, the liquid crystal display
device includes a liquid crystal display panel 230 where
mxn pixels P are arranged in a matrix type. A data driver 210
supplies first and second data voltages to first and second
data lines 1DL1, 2DL1, 1DL2, 2DL2, . . ., 1DLm, 2DLm
of the liquid crystal display panel 230. A gate driver 220
supplies a gate voltage to the gate lines G1 to Gn. A timing
controller controls the data driver 210 and the gate driver
220 by use of a synchronization signal.

[0070] The liquid crystal display panel 230 includes a thin
film transistor array substrate and a color filter array sub-
strate which face each other with liquid crystal therebe-
tween.

[0071] The data driver 210 converts a digital video data
RGB into an analog gamma voltage (data signal) that
corresponds to the gray level value in response to a control
signal CS from the timing controller 200, and supplies the
analog gamma voltage to the first and second data lines
1DL1, 2DL1, 1DL2, 2DL2, . . ., 1DLm, 2DLm.

[0072] The gate driver 220 sequentially supplies a gate
voltage to the gate lines GL1 to GLn to select a horizontal
line of a liquid crystal display panel 230 to which a data
signal is supplied in response to the control signal CS from
the timing controller 200.

[0073] The timing controller 200 generates a control sig-
nal CS that controls the gate driver 220 and the data driver
210 by use of a vertical/horizontal synchronization signal
Vsyne, Hsync and a clock signal DCLK.

[0074] FIG. 6 is a circuit diagram briefly representing one
pixel of FIG. 5. As shown in FIG. 6, each pixel includes first
and second data lines 1DL, 2DL. Gate lines cross the first
and second data lines 1DL, 2DL. A first thin film transistor
1TFT and a first liquid crystal cell 1Clc are formed at the
crossing area of the first data line 1DL and the gate line GL.
A second thin film transistor 2TFT and a second liquid
crystal cell 2Clc are formed at the crossing area of the
second data line 2DL and the gate line GL.

[0075] In one embodiment, the first thin film transistor
1TFT supplies the positive (or negative) data voltage from
the first data line 1DL to the first liquid crystal cell 1Clc in
response to a scan signal (or gate voltage) supplied from the
gate line GL. The second thin film transistor 2TFT supplies
the negative (or positive) data voltage from the second data
line 2DL to the second liquid crystal cell 2Clc in response
to the gate voltage supplied from the gate line GL. The data
voltage supplied from the first data line 1DL and the data
voltage supplied from the second data line 2D are the same
in magnitude and contrary to each other in polarity. Each of
the liquid crystal cells 1Clc, 2Clc can be independently
driven, thus one pixel can be divided into two sub-pixels
which realizing the same color.

[0076] FIG. 7. illustrates a drive characteristic of a liquid
crystal display device according to the first embodiment. As
shown in FIG. 7, a gate voltage Vg is supplied to gate
electrodes of the first and second thin film transistors 1TFT,
2TFT. A first data voltage Vdl is supplied to a source
electrode of the first thin film transistor 1TFT and a second
data voltage Vd2 is supplied to a source electrode of the
second thin film transistor 2TFT. A difference voltage
between the common voltage Vcom and the first data
voltages Vdl is the same in magnitude as a difference
voltage between the common voltage Vcom and the second
data voltages Vd2, and the polarities of the first and second
data voltages Vd1, Vd2 are contrary to each other.
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[0077] Alternatively, if the common voltage Vcom is 0V
even though the first data voltage Vdl and the second data
voltage Vd2 have the same polarity, the first data voltage
Vd1 and the second data voltage Vd2 are contrary to each
other in polarity, and the polarities of the first and second
data voltages Vd1, Vd2 become contrary thereto in the next
frame in comparison with the previous frame.

[0078] If a gate high voltage Vgh of not less than a
threshold voltage of the first thin film transistor 1TFT is
applied to the gate electrode of the first thin film transistor
1TFT, a channel is formed between the source electrode and
the drain electrode, and the first data voltage 1Vd is charged
in the first liquid crystal cell 1Clc and the first storage
capacitor 1Cst through the source electrode and the drain
electrode of the first thin film transistor 1TFT.

[0079] If the gate high voltage Vgh of not less than a
threshold voltage of the second thin film transistor 2TFT is
applied to the gate electrode of the second thin film transistor
2TFT, a channel is formed between the source electrode and
the drain electrode, and the second data voltage 2Vd is
charged in the second liquid crystal cell 2Clc and the second
storage capacitor 2Cst through the source electrode and the
drain electrode of the second thin film transistor 2TFT.
[0080] Each pixel having the foregoing circuit and com-
position characteristic can be divided into first and second
liquid crystal cells (or sub-pixels) which express the same
gray level while having different polarities from each other.
Accordingly, the positive and negative data are simulta-
neously realized within one pixel even though the level of
the feed-through voltage AVp is not identical. Thus, the
effective value for expressing the gray level is fixed. The
same brightness can be expressed irrespective of the location
of the common voltage and the magnitude of the feed-
through voltage AVp for each frame (Fn-1, Fn), thereby
solving the flicker problem.

[0081] The driving by the positive and negative data is all
possible within each pixel. For example, a user may judge
the common voltage value that can minimize the residual
image between the positive (+) data voltage and the negative
(=) data voltage while the flicker problem is solved.
[0082] In one embodiment, the same brightness is
expressed regardless of the location of the common voltage
for each frame (Fn-1, Fn). If the common voltage value is
set as an optimal value with which the residual image is
minimized between the positive data voltage and the nega-
tive data voltage after removing the flickers, then the flickers
and the residual images can be minimized.

[0083] FIGS. 8 and 9 are a plan view and a cross sectional
diagram representing a structure of an FFS (fringe field
switch) type thin film transistor array substrate where, for
example, the circuit composition and drive shown in FIGS.
6 and 7 is possible.

[0084] The thin film transistor substrate of the FFS type
liquid crystal display device shown in FIGS. 8 and 9
includes first and second data lines 103, 104 which cross a
gate line 102 with a gate insulating film 122 therebetween on
a lower substrate 120. A first thin film transistor 1TFT is
formed at the crossing area of the first data line 103 and the
gate line 102. A second thin film transistor 2TFT formed at
the crossing area of the second data line 104 and the gate line
102. A common electrode plate 114 and first and second
electrode slits 118, 119 are formed with a gate insulating film
122 and a passivation film 128 therebetween so as to form
a fringe field in a pixel area defined by the gate line 102 and
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the first and second data lines 103, 104. A common line 116
is connected to the common electrode plate 114.

[0085] The common electrode plate 114 is formed in each
pixel area, and receives a common voltage Vcom (or refer-
ence voltage) for driving liquid crystal through the common
line 116 which is formed on the common electrode plate 114
to be connected thereto. The common electrode plate 114 is
formed of a transparent conductive layer. The common line
116 together with the gate line 102 is formed of a gate metal
layer.

[0086] The first thin film transistor 1TFT makes a pixel
signal of the first data line 103 charged and stored in the first
pixel electrode slit 118 in response to the gate signal of the
gate line 102. For example, the first thin film transistor 1TFT
includes a first gate electrode 106 connected to the gate line
102. A first source electrode 108 is connected to the first data
line 103. A first drain electrode 110 is connected to the first
pixel electrode slit 118. A first active layer 124 overlaps the
first gate electrode 106 with the gate insulating film 22
therebetween and forms a channel between the first source
electrode 108 and the first drain electrode 110. A first ohmic
contact layer 126 for the ohmic contact between the first
source and first drain electrodes 108, 110 and the first active
layer 124. A first semiconductor pattern 130 includes the first
active layer 124 and the first ohmic contact layer 126.

[0087] The first pixel slit 118 is connected to the first drain
electrode 110 of the first thin film transistor 1TFT through a
first contact hole 112 which penetrates the passivation film
128, and is formed to overlap the common electrode 114.

[0088] The second thin film transistor 2TFT makes the
pixel signal of the second data line 104 charged and kept in
the second pixel electrode slit in response to the gate signal
of the gate line 102. For example, the second thin film
transistor 2TFT includes a second gate electrode 107 con-
nected to the gate line 102. A second source electrode 109
is connected to the second data line 104. A second drain
electrode 111 is connected to the second pixel electrode slit
119. A second active layer 125 overlaps the second gate
electrode 107 with the gate insulating film 122 therebetween
and forms a channel between the second source electrode
109 and the second drain electrode 111. A second ohmic
contact layer 127 provides an ohmic contact between the
second source and second drain electrodes 109, 111 and the
second active layer 125. A second semiconductor pattern
131 includes the second active layer 125 and the second
ohmic contact layer 127.

[0089] The second pixel slit 119 is connected to the second
drain electrode 111 of the second thin film transistor 2TFT
through a second contact hole 113 which penetrates the
passivation film 128, and is formed to overlap the common
electrode 114. The first and second electrode slits 118, 119
are made of a plurality of finger parts of a finger shape that
are formed parallel to the data lines 103, 104.

[0090] In one embodiment, the FFS type liquid crystal
display device with such a configuration forms a first fringe
field between the common electrode plate 114 and the
positive (+) voltage (or negative voltage) in the first pixel
electrode slit 118, and forms a second fringe field between
the common electrode plate 114 and the negative (=) voltage
in the second pixel electrode slit 119. For example, liquid
crystal molecules arranged in a horizontal direction between
a thin film transistor substrate and a color filter substrate are
rotated by dielectric anisotropy. Accordingly, it is possible to
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form two kinds of fringe fields having different polarities
from each other within one pixel.

[0091] Accordingly, the same brightness can be expressed
irrespective of the location of the common voltage and the
magnitude of the feed-through voltage AVp for each frame
(Fn-1, Fn), for example, solving the flicker problem. In one
embodiment, at the same time, as the driving by the positive
and negative data is all possible within each pixel, a user sets
an optimal common voltage value corresponding to the
center of a positive data voltage and a negative data voltage
while the flick problem is solved. Accordingly, it is possible
to minimize the residual image.

[0092] FIG. 10 is a block diagram illustrating a liquid
crystal display device according to a second embodiment.
FIG. 11 is a circuit diagram briefly representing one pixel P,
for example, in FIG. 10.

[0093] In the liquid crystal display device shown in FIGS.
10 and 11, one pixel P is defined by one data line DL and first
and second gate lines 1GL, 2GL. The liquid crystal display
device according to the second embodiment is substantially
the same in structure as that of the first embodiment except,
for example, the above difference. Accordingly, the same
configuration as the first embodiment will be given the same
reference numeral, and the repeated explanation will be
omitted.

[0094] The liquid crystal display device includes a liquid
crystal display panel 230 where mxn pixels P are arranged
in a matrix type. A gate driver 220 supplies first and second
gate voltages to first and second gate lines 1GL1, 2GL1,
1GL2,2GL2,. .., 1GLm, 2GLm of the liquid crystal display
panel 230. A data driver 210 supplies first and second data
voltages to the data lines DL1 to DLm. A timing controller
200 controls the data driver 210 and the gate driver 220 by
use of a synchronization signal.

[0095] The data driver 210 converts a digital video data
RGB into an analog gamma voltage (data signal) corre-
sponding to the gray level value in response to a control
signal CS from the timing controller 200, and supplies the
analog gamma voltage to the data lines DL1 to DLm.
[0096] The gate driver 220 sequentially supplies a gate
voltage to the gate lines 1GL1, 2GL1, 1GL2, 2GL2, . . .,
1GLn, 2GLn to select a horizontal line of a liquid crystal
display panel 230 to which a data signal is supplied in
response to the control signal CS from the timing controller
200.

[0097] As shown in FIG. 11, each pixel P includes first and
second gate lines 1GL, 2GL. Data lines DL cross the first
and second gate lines 1GL, 2GL. A first thin film transistor
1TFT and a first liquid crystal cell 1Clc are formed at the
crossing area of the first gate line 1GL and the data line DL.
A second thin film transistor 2TFT and a second liquid
crystal cell 2Clc are formed at the crossing area of the
second gate line 2GL and the data line DL.

[0098] The first thin film transistor 1TFT supplies the
positive (or negative) first data voltage from the data lines
DL to the first liquid crystal cell 1Clc in response to a first
gate voltage supplied from the first gate line 1GIL.. The
second thin film transistor 2TFT supplies the negative (or
positive) second data voltage from the data lines DL to the
second liquid crystal cell 2Cle in response to the second gate
voltage supplied from the second gate line 2GL.

[0099] The first data voltage is supplied from the data line
DL and synchronized with the first gate voltage and the
second data voltage which is supplied from the data line DL
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and synchronized with the second gate voltage are the same
in magnitude and contrary to each other in polarity. Accord-
ingly, one pixel is also made of two liquid crystal cells 1Clc,
2Clc which can be independently driven in the second
embodiment. Accordingly, one pixel can be divided into two
sub-pixels which realize the same color.

[0100] The drive characteristic of the liquid crystal display
device according to the second embodiment will be
explained as follows in reference to FIG. 12. As shown in
FIG. 12, a first gate voltage Vgl is supplied to the gate
electrode of the first thin film transistor 1TFT and a positive
(or negative) first data voltage 1Vd is supplied to the source
electrode of the first thin film transistor 1TFT. A second gate
voltage Vg2 is supplied to the gate electrode of the second
thin film transistor 2TFT and a negative (or positive) second
data voltage 2Vd is supplied to the source electrode of the
second thin film transistor 2TFT. For example, the first and
second thin film transistors 1TFT, 2TFT within one pixel are
sequentially turned on by the first and second gate voltages
Vgl, Vg2, and sequentially supply the first and second data
voltages 1Vd, 2Vd, which are sequentially supplied from
one data line DL and of which the polarities are different
from each other, to the first and second liquid crystal cells
1Cle, 2Cle.

[0101] In order to supply the gate voltage twice within one
pixel for one frame, the gate driver 220 that supplies the gate
voltage and the data driver 210 that supplies the data voltage
are driven at double the speed. For example, if the liquid
crystal display device is driven at 60 Hz in the first embodi-
ment of the present invention, the liquid crystal display
device is driven at 120 Hz in the second embodiment.
[0102] In one embodiment, a voltage difference between
the common voltage Vcom and the first data voltages 1Vd
is the same in magnitude as a voltage difference between the
common voltage Vcom and the second data voltages 2Vd.
The polarities of the first and second data voltages 1Vd, 2Vd
are contrary to each other. If the common voltage Vcom is
OV even though the first data voltage 1Vd and the second
data voltage 2Vd have the same polarity, the first data
voltage 1Vd and the second data voltage 2Vd are contrary to
each other in polarity. The polarities of the first and second
data voltages 1Vd, 2Vd become contrary thereto in the next
frame in comparison with the previous frame.

[0103] In one embodiment, each pixel is divided into the
first and second liquid crystal cells (or sub-pixels) that
express the same gray level while having different polarities
from each other. Accordingly, the same operation and effect
as the first embodiment can be derived. For example, the
positive and negative data are simultaneously realized
within one pixel even though the magnitude of the feed-
through voltage AVp is not identical. The effective value for
expressing the gray level can be fixed. Accordingly, the same
brightness can be expressed irrespective of the location of
the common voltage and the magnitude of the feed-through
voltage AVp for each frame (Fn-1, Fn), and the common
voltage is optimized, thereby making it possible to minimize
the flickers and the residual images.

[0104] In one embodiment, one pixel P is defined by one
data line DL and the first and second gate lines 1GL, 2GL.
For example, the source electrodes of the first and second
thin film transistors 1TFT, 2TFT are each connected to the
data line DL. The gate electrode of the first thin film
transistor 1TFT is connected to the first gate line 1GL and
the gate electrode of the second thin film transistor 2TFT is
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connected to the second gate line 2GL. The thin film
transistor array substrate according to the second embodi-
ment is the same in structure as that of the first embodiment
except, for example, such a structural difference.

[0105] Alternatively, the data voltages having different
polarities from each other are supplied to the first and second
pixel electrode slits 118, 119, thus a potential difference is
generated between the first pixel electrode slit 118 and the
second pixel electrode slit 119. For example, the drive
voltage of the liquid crystal can be reduced from 6V to 3V
as in the experimental data, as shown in FIG. 13, thus it is
possible to reduce power consumption.

[0106] In one embodiment, the method of driving the
liquid crystal display device by dividing one pixel into the
first and second sub-pixels which have different polarities
from each other and express the same gray level can not only
be applied to the fringe field switch type liquid crystal
display device, but also be applied to the liquid crystal
display device of the in-plane switch IPS mode where it is
driven by the horizontal electric field between the pixel
electrode and the common electrode and of the twisted
nematic TN mode where it is driven by the vertical electric
field.

[0107] Inthe IPS mode, acommon electrode instead of the
common electrode plate and the common electrode line
shown in FIGS. 9 and 10 is formed parallel to the first and
second pixel electrode slits to form the horizontal electric
field. The common electrode is formed in a finger shape.
[0108] In one embodiment, the liquid crystal display
device and the driving method thereof according to the
present invention divides the pixel, which realizes any one
color of red R, green G and blue B, into the first and second
sub-pixels, which have different polarities from each other
and have the same gray level, in order to drive, thus the
effective value for expressing the gray level is fixed and
stored irrespective of the polarity. For example, the same
brightness can be expressed irrespective of the common
voltage value and the magnitude of the feed-through voltage
AVp for each frame, thereby solving the flicker problem.
[0109] In one embodiment, at the same time, the driving
by the positive and negative data is all possible within each
pixel. The common voltage value has an optimal value with
which the residual image is minimized between the positive
data voltage and the negative data voltage while the flicker
problem is solved. Accordingly, it is possible to minimize
the flickers and the residual images.

[0110] Although the present invention has been explained
by the embodiments shown in the drawings described above,
it should be understood to the ordinary skilled person in the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are
possible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal display panel where pixels are defined by
gate lines and data lines that are arranged in a matrix
shape;

a gate driver that is operable to supply a gate voltage to
the liquid crystal display panel;

a data driver that is operable to supply a data voltage to
the liquid crystal display panel, and
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wherein the respective pixels are operable to be indepen-
dently driven by drive voltages, which have different
polarities from each other, and include first and second
liquid crystal cells which realize the same gray level.

2. The liquid crystal display device according to claim 1,
wherein each pixel is defined by one gate line which crosses
a first data line to which a first data voltage is supplied and
asecond data line to which a second data voltage is supplied.

3. The liquid crystal display device according to claim 2,
wherein polarities of the first and second data voltages are
inverted for each frame.

4. The liquid crystal display device according to claim 2,

wherein the first liquid crystal cell includes a first thin film
transistor located at the crossing area of the gate line
and the first data line, a first pixel electrode is con-
nected to the first thin film transistor, and a common
voltage supplier forms an electric field with the first
pixel electrode; and

wherein the second liquid crystal cell includes a second
thin film transistor located at the crossing area of the
gate line and the second data line, a second pixel
electrode connected to the second thin film transistor,
and the common voltage supplier forms an electric field
with the second pixel electrode.

5. The liquid crystal display device according to claim 4,
wherein the polarity of a pixel voltage supplied to each of
the first and second liquid crystal cells is inverted for each
frame.

6. The liquid crystal display device according to claim 4,
wherein the first and second liquid crystal cells have a
symmetric structure to each other.

7. The liquid crystal display device according to claim 4,
wherein the first and second pixel electrodes include a
plurality of line-shaped finger parts that are parallel to the
data line.

8. The liquid crystal display device according to claim 4,
wherein the common voltage supplier includes:

a common electrode plate that is formed in a pixel area
where the pixel is provided and forms a fringe electric
field with the first and second pixel electrodes; and

a common line that is operable to supply a common
voltage to the common electrode plate.

9. The liquid crystal display device according to claim 7,

wherein the common voltage supplier includes:

a finger-shaped common electrode that is located parallel
to the finger parts of the first and second pixel elec-
trodes to form a horizontal electric field with the finger
part.

10. The liquid crystal display device according to claim 1,
wherein each of the pixels is defined by one data line and
first and second gate lines.

11. The liquid crystal display device according to claim
10, wherein a first data voltage is synchronized with a first
gate voltage from the first gate line and is supplied to the
data line, and a second data voltage is synchronized with a
second gate voltage from the second gate line and is supplied
to the data line.

12. The liquid crystal display device according to claim
11, wherein the first data voltage and the second data voltage
have different polarities from each other.

13. The liquid crystal display device according to claim
12, wherein the polarities of the first and second data
voltages are inverted for each frame.
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14. The liquid crystal display device according to claim
10, wherein the first liquid crystal cell includes a first thin
film transistor located at the crossing area of the first gate
line and the data line, a first pixel electrode is connected to
the first thin film transistor, and a common voltage supplier
forms an electric field with the first pixel electrode: and the
second liquid crystal cell includes a second thin film tran-
sistor located at the crossing area of the second gate line and
the data line, a second pixel electrode connected to the
second thin film transistor, and the common voltage supplier
which forms an electric field with the second pixel electrode.

15. The liquid crystal display device according to claim
14, wherein the polarity of a pixel voltage supplied to each
of the first and second liquid crystal cells is inverted for each
frame.

16. The liquid crystal display device according to claim
14, wherein the first and second pixel electrodes include a
plurality of line-shaped finger parts that are parallel to the
data line.

17. The liquid crystal display device according to claim
14, wherein the common voltage supplier includes:

a common electrode plate formed in a pixel area where the
pixel is provided and which forms a fringe electric field
with the first and second pixel electrodes; and

a common line that supplies a common voltage to the
common electrode plate.

18. The liquid crystal display device according to claim

16, wherein the common voltage supplier includes:

a common electrode that is located parallel to the finger
parts of the first and second pixel electrodes to form a
horizontal electric field with the finger part.

19. The liquid crystal display device according to claim 1,
wherein the pixel realizes any one color of red, green or
blue.

20. A driving method of a liquid crystal display device
having a liquid crystal display panel where pixels are
arranged in a matrix shape, the method comprising:

dividing the respective pixels into first and second liquid
crystal cells that can be independently driven;

supplying a common voltage to the first and second liquid
crystal cells; and

realizing the same gray level in the first and second liquid
crystal cells by supplying the drive voltages, which are
the same in magnitude and different in polarity, to the
first and second liquid crystal cells.

21. The driving method according to claim 20, wherein
the polarity of a drive voltage supplied to each of the first
and second liquid crystal cells is inverted for each frame.

22. The driving method according to claim 20, wherein
the first liquid crystal cell is defined by a gate line and a first
data line to which a first data voltage is supplied; and the
second liquid crystal cell is defined by the gate line and a
second data line to which a second data voltage, which has
a different polarity from the first data voltage, is supplied.

23. The driving method according to claim 20, wherein
the first liquid crystal cell is defined by a data line and a first
gate line to which a first gate voltage is supplied; and the
second liquid crystal cell is defined by the data line and a
second gate line to which a second gate voltage is supplied.

24. The driving method according to claim 23, wherein
the step of realizing the same gray level in the first and
second liquid crystal cells includes:
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supplying the first gate voltage to the first gate line and
supplying a first data voltage synchronized with the
first gate voltage to the data line to realize a first gray
level in the first liquid crystal cell; and

supplving the second gate voltage to the second gate line

and supplying a second data voltage synchronized with
the second gate voltage to the data line to realize the
same gray level as the first gray level in the second
liquid crystal cell.

25. The driving method according to claim 24, wherein
the first data voltage and the second data voltage have
different polarities from each other.

26. The driving method according to claim 25, wherein
the polarities of the first and second data voltages are
inverted for each frame.
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27. The driving method according to claim 20, wherein
liquid crystals of the first and second liquid crystal cells are
driven by a fringe electric field between the drive voltage
and the common voltage.

28. The driving method according to claim 20, wherein
liquid crystals of the first and second liquid crystal cells are
driven by a horizontal electric field between the drive
voltage and the common voltage.

29. The driving method according to claim 20, further
comprising:

optimizing the magnitude of the common voltage between

a first drive voltage supplied to the first liquid crystal
cell and a second drive voltage supplied to the second
liquid crystal cell after realizing the same gray level in
the first and second liquid crystal cells.
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