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7) ABSTRACT

A liquid crystal display (LCD) device essentially includes a
plurality of data lines, a plurality of gate lines and a plurality
of pixel units. Each pixel unit includes a first liquid-crystal
capacitor, a second liquid-crystal capacitor, a first switch and
a second switch. The first liquid-crystal capacitor of a pixel
unit is charged via the first switch of the same pixel unit. The
second liquid-crystal capacitor of a pixel unit is charged via
the second switch of the same pixel unit and the first switch of
adifferent pixel unit. The sub-pixel voltages corresponding to
the first and second liquid-crystal capacitors of the same pixel
unit have the same polarity. Furthermore, disclosed is a lig-
uid-crystal display driving method for writing two data sig-
nals having same polarity respectively into the first and sec-
ond liquid-crystal capacitors of a pixel unit via the same date
line during two intervals partly overlapped.

10 Claims, 5 Drawing Sheets

200
280~ Scurce driver | '/

SDm - SDmtl . SDmi2

Veom ]
240101y | Pnm
nthrow. . E

GLn

Veom 3
240 4rk gy

(It row--- [ [277

GLntl

Veom "
2404,

(n42)th row- -+ |s

GLat2

! .
i i 2%
I Put2mtl| of ..,
- 241
|
7 i 230

Veom oy
240,
(n43)th row-- - |»

GLat3

Veom 3
240~

(n+4ith row-- - |1

GLnt4

Veom -
240~

(n453th row- -+ |s

GLat5

column

220 . 220
DLm mth DLm+]

241

: 22
(m+lth  pLm+2
column



U.S. Patent Feb. 12,2013  Sheet 1 of 5 US 8,373,811 B2

180 Source driver

SD1 SD2 / 100

140

140"

FI1G. 1 PRIOR AR'T



U.S. Patent

Feb. 12,2013

Sheet 2 of 5

200
1

280\,\] Source driver
SDm SDm+1 SDm+2
Veom —= i o IS S
240+~ El2 LinCoag
n‘th FOW « - - Pﬂ_1ﬂ+1 T
! 210
GLn =%Gn
Veom ; A~ C LB éré
240! i 040
n+Dth row -+ | -
210
GLn+1 ’ SGn+l
Yeom — \,C%L2n§02
240 ™~ 240
(n+2)th row - - -
(0 210
GLn+2 — | SGni2
Veom ; LQ\J%S
240 ~_ 240
(n+3)th row - - - .
210
GLn+3 SGn+3
Veorn — \_,C\'Lgngroél
240 ™~ 240
(n+4)th row - - -
. 210
GLnt+4 —» SGn+4
Veom —» mCngg
2404 ~.240 ©
(n+5)th row - - - s
210
GLntd — ) —e— | —— o || — T+ —\ ’ﬁJSGnJrB
241
\220 ' 220 \220
DLm mth DLm+1 (m+th  pLme2
column column

FIG. 2

US 8,373,811 B2



U.S. Patent Feb. 12,2013  Sheet 3 of 5 US 8,373,811 B2

300
380 Source driver | ’/

SDm SDm+1 SDm+2

Veom d
2nd row of 390~

auxiliary
pixel units

—

Veom
Ist row of 390

auxiliary
pixel units

Veom —
st row of 3.4‘0."1
pixel units )

E—

Veom —

2nd row of 3‘4‘0‘\”
pixel units

Veom — ‘..ﬂ_-_(
Penultimate 340._| P4m 3477 L)
row of pixel ... ‘ T —“-i:‘
units = !

E—

Vcom
Last row of 340\/- :
pixel units

Vcom —
3rd row of 395

auxiliary
pixel units

Veom
4th row of 395+

auxiliary

ixel units
pixeid GLn J

\/\8

320
DLm+l  (m+lith pLmt2

F I G 3 column

320 mith
DLm column



US 8,373,811 B2

Sheet 4 of 5

Feb. 12,2013

U.S. Patent

= Ju |

y OIA

SWIN SWRIJ J[BY PUOIIS

QW) AWIRIY JIBY IS

e wai e R

QWII} Wk} yiy

N N ___.

CHUNG
SHUOS
[+UDS

pUDS
ZHUDS
ungs



U.S. Patent Feb. 12,2013  Sheet 5 of 5 US 8,373,811 B2

500
5505 //

Enabling the gate signal SGn during the first interval [~
Tdl of the first half frame time in the Kth frame time

Charging the first liquid-crystal capacitor C1 of the pixel unit Pn _m by /_5,510
the data signal SDm with a first polarity furnished via the data line
DLm and the first switch 'l during the first interval '1d1 S515
,_J

]
Charging the first liquid-crystal capacitor C11 of the pixel unit Pn _m+1 by
the data signal SDm +1 with a second polarity furnished via the data line
DLm+1 and the first switch T11 during the first interval Td!

v
Enabling the gate signals SGn and SGn +2 during the second /_5520
interval '1'd2 of the first half frame time in the Kth trame time $505
L

v
Charging the second liquid-crystal capacitor C2 of the pixel unit Pn _m by the data
signal SDm with the first polarity furnished via the data line DLm, the first
switch TS and the second switch T2 during the second interval TdZ2

]
Charging the second liquid-crystal capacitor C12 of the pixel unit | S530

Pn_m+1 by the data signal SDm +1 with the second polarity |~
furnished via the data line DLm +1, the first switch T15 and the
second switch T12 during the second interval Td2

Enabling the gate signal SGn +1 during the third interval 535
[Td3 of the second half frame time in the Kth frame time <540
/_J

Charging the first liquid-crystal capacitor C3 of the pixel unit Pn +1_m by
the data signal SDm+1 with the second polarity furnished via the data line
DLm+1 and the first switch T3 during the third interval Td3

T — 5545

Charging the first liquid-crystal capacitor C13 of the pixel unit Pn +1_m+l1

by the data signal SDm +2 with the first polarity furnished via the data line
DLm+2 and the first switch T13 during the third interval Td3

]
Enabling the gate signals SGn +1 and SGn+3 during the fourth So50
interval Td4 of the second half frame time in the Kth frame time [~
Charging the second liquid-crystal capacitor C4 of the pixel unit | S555

S

Pn+1_m by the data signal SDm +1 with the second polarity [~

furnished via the data line DLm +1, the first switch T6 and the
second switch T4 during the fourth interval Td4

Charging the second liquid—crystgl capacitor C14 of the pixel unit 560
Pnt+l_m+! by the data signal SDm +2 with the first polarity |
furnished via the data line DLim +2, the first switch T16 and the
second switch T14 during the fourth interval Td4

FIG. 5
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LIQUID CRYSTAL DISPLAY DEVICE WITH
EACH PIXEL HAVING PLURAL
CAPACITORS COUPLING TO SWITCHES
AND RELATED DRIVING METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device and related driving method, and more particularly, to a
liquid crystal display device and related driving method for
performing the LCD driving operation based on the sub-pixel
voltages with the same polarity in the capacitors of bright
section and dark section of each pixel unit.

2. Description of the Prior Art

Because liquid crystal display (LCD) devices are charac-
terized by thin appearance, low power consumption, and low
radiation, LCD devices have been widely applied in various
electronic products for panel displaying. In general, the LCD
device comprises liquid crystal cells encapsulated between
two substrates and a backlight module for providing a light
source. The operation of an LCD device is featured by vary-
ing voltage drops between opposite sides of the liquid crystal
cells for twisting the angles of the liquid crystal molecules of
the liquid crystal cells so that the transparency of the liquid
crystal cells can be controlled for illustrating images with the
aid of the backlight module.

It is well known that each pixel unit of an LCD device can
be designed to comprise two sub-pixel units for achieving a
wide viewing angle. That is, based on gray level averaging
effect of two Gamma curves corresponding to the two sub-
pixel units, optimal visual experience can be realized in dif-
ferent viewing angles for having a high-quality wide viewing
angle. Please refer to FIG. 1, which is a schematic diagram
showing a prior-art LCD device. As shownin FIG. 1, the LCD
device 100 comprises a plurality of gate lines 110, a plurality
of data lines 120, a plurality of common lines 130, a plurality
of pixel units 140, and asource driver 180. Each pixel unit 140
comprises a first switch 141, a second switch 143, a first
liquid-crystal capacitor (bright capacitor) 145, and a second
liquid-crystal capacitor (dark capacitor) 147. The first switch
141 in conjunction with the first liquid-crystal capacitor 145
forms a sub-pixel unit, and the second switch 143 in conjunc-
tion with the second liquid-crystal capacitor 147 forms
another sub-pixel unit.

Each first liquid-crystal capacitor 145 is charged via a
corresponding data line 120 and the first switch 141 of the
same pixel unit 140. Each second liquid-crystal capacitor 147
is charged via a corresponding data line 120, the first switch
141 of different pixel unit 140, and the second switch 143 of
the same pixel unit 140. For instance, the first liquid-crystal
capacitor C1 of the pixel unit P1 is charged via the data line
DL1 and the first switch T1 of the pixel unit P1. The second
liquid-crystal capacitor C2 of the pixel unit P1 is charged via
the data line D12, the first switch T3 of the pixel unit P2, and
the second switch T2 of the pixel unit P1.

While driving the LCD device 100 based on the column-
inversion driving operation, the polarities of data signals cor-
responding to adjacent data lines are opposite to each other.
That is, if the polarity of the data signal SD1 is positive, then
the polarity of the data signal SD2 is negative, and vice versa.
In other words, if the sub-pixel voltage VB1 corresponding to
the first liquid-crystal capacitor C1 is a positive-polarity volt-
age, then the sub-pixel voltage VD1 corresponding to the
second liquid-crystal capacitor C2 is a negative-polarity volt-
age. However, as the polarities of the sub-pixel voltages cor-
responding to the first and second liquid-crystal capacitors of
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each pixel unit are opposite to each other, the sub-pixel volt-
ages with opposite polarities have a significant effect on the
angles of the liquid-crystal molecules in the main-slit
between the first and second liquid-crystal capacitors, which
incurs brightness loss in the main slit. Furthermore, the data
signal driving frequency should be increased or even doubled
for charging the first liquid-crystal capacitor 145 and the
second liquid-crystal capacitor 147 of each pixel unit 140 via
different data lines 120, and the power consumption of the
source driver 180 is increased accordingly. In view of that, the
working temperature of the source driver 180 is increased as
aresult of the high power consumption, and the lifetime ofthe
source driver 180 is shortened following the increase of the
working temperature.

SUMMARY OF THE INVENTION

In accordance with an embodiment of the present inven-
tion, a liquid crystal display device capable of performing the
LCD driving operation based on the sub-pixel voltages with
the same polarity in the capacitors of bright section and dark
section of each pixel unit is disclosed. The liquid crystal
display device comprises a plurality of data lines, a plurality
of gate lines, a plurality of common lines, and a plurality of
columns of pixel units.

Each of'the data lines is adapted to receive a corresponding
data signal. Each of the gate lines is adapted to receive a
corresponding gate signal. The common lines are furnished
with a common voltage. Each column of pixel units com-
prises a plurality of pixel units. The nth pixel unit of the mth
column of pixel units in the columns of pixel units comprises
a first liquid-crystal capacitor, a second liquid-crystal capaci-
tor, a first switch, and a second switch. The first liquid-crystal
capacitor comprises a first end coupled to a corresponding
common line of the common lines, and a second end. The
second liquid-crystal capacitor comprises a first end coupled
to the corresponding common line, and asecond end. The first
switch comprises a first end coupled to the second end of the
first liquid-crystal capacitor, a gate coupled to a correspond-
ing gate line of the gate lines, and a second end coupled to a
corresponding data line of the data lines. The second switch
comprises a first end coupled to the second end of the second
liquid-crystal capacitor, a gate coupled to the corresponding
gate line, and a second end coupled to the first end of the first
switch of a different pixel unit. The second end of the first
switch of the different pixel unit is coupled to the correspond-
ing data line.

The present invention further discloses a driving method
for driving an LCD device. The LCD device comprises a
plurality of data lines, a plurality of gate lines and a plurality
of rows of pixel units.

The driving method comprises: writing a first data signal
with a first polarity into a first liquid-crystal capacitor of an
mth pixel unit of an nth row of pixel units in the rows of pixel
units via an mth data line of the data lines and a first switch of
the mth pixel unit in the nth row of pixel units during a first
interval of a Kth frame time; and writing a second data signal
with the first polarity into a second liquid-crystal capacitor of
the mth pixel unit in the nth row of pixel units via the mth data
line, a first switch of an mth pixel unit of a (n+x)th row of pixel
units in the rows of pixel units, and a second switch of the mth
pixel unit in the nth row of pixel units during a second interval
of the Kth frame time. The numbers K, m and n are positive
integers and the number X is an even number. These and other
objectives of the present invention will no doubt become
obvious to those of ordinary skill in the art after reading the
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following detailed description of the preferred embodiment
that is illustrated in the various figures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing a prior-art LCD
device.

FIG. 2 is a schematic diagram showing an LCD device in
accordance with a first embodiment of the present invention.

FIG. 3 is a schematic diagram showing an LCD device in
accordance with a second embodiment of the present inven-
tion.

FIG. 4 is a timing diagram schematically showing the
related signal waveforms regarding the driving operation of
the LCD device in FIG. 2, having time along the abscissa.

FIG. 5 is a flowchart depicting a driving method for driving
the LCD device in FIG. 2 based on the related signal wave-
forms in FIG. 4.

DETAILED DESCRIPTION

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. Here, it is to be noted that the present
invention is not limited thereto. Furthermore, the step serial
numbers concerning the driving method are not meant thereto
limit the operating sequence, and any rearrangement of the
operating sequence for achieving same functionality is still
within the spirit and scope of the invention.

FIG. 2 is a schematic diagram showing an LCD device in
accordance with a first embodiment of the present invention.
As shownin FIG. 2, the LCD device 200 comprises a plurality
of gate lines 210, a plurality of data lines 220, a plurality of
common lines 230, a plurality of columns of pixel units, and
asource driver 280. The common lines 230 are furnished with
a common voltage Vcom. Each column of pixel units com-
prises a plurality of pixel units 240. Each pixel unit 240
comprises a first switch 241, a second switch 243, a first
liquid-crystal capacitor 245, and a second liquid-crystal
capacitor 247. The first liquid-crystal capacitor 245 and the
second liquid-crystal capacitor 247 are corresponding to the
bright and dark sections of the pixel unit 240 respectively. The
source driver 280 is coupled to the plurality of data lines 220
for providing a plurality of data signals. The first switch 241
and the second switch 243 can be metal-oxide-semiconductor
(MOS) field effect transistors or thin film transistors.

Each first liquid-crystal capacitor 245 comprises a first end
and a second end. The first end of each first liquid-crystal
capacitor 245 is coupled to one corresponding common line
230. Each second liquid-crystal capacitor 247 comprises a
first end and a second end. The first end of each second
liquid-crystal capacitor 247 is coupled to one corresponding
common line 230. Each first switch 241 comprises a first end
coupled to the second end of one corresponding first liquid-
crystal capacitor 245, a second end coupled to one corre-
sponding data line 220, and a gate coupled to one correspond-
ing gate line 210. Each second switch 243 comprises a first
end coupled to the second end of one corresponding second
liquid-crystal capacitor 247, a second end coupled to the first
end of one corresponding first switch 241 in different pixel
unit 240, and a gate coupled to one corresponding gate line
210.

For instance, in the nth pixel unit Pn_m of the mth column
of pixel units, the first ends of the first liquid-crystal capacitor
C1 and the second liquid-crystal capacitor C2 are both
coupled to the common line CLn. The gates of the first switch
T1 and the second switch T2 are both coupled to the gate line
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GLn. The first end of the first switch T1 is coupled to the
second end of the first liquid-crystal capacitor C1. The first
end of the second switch T2 is coupled to the second end of
the second liquid-crystal capacitor C2. The second end ofthe
first switch T1 is coupled to the data line DLm. The second
end of the second switch T2 is coupled to the first end of the
first switch T5 in the (n+2)th pixel unit Pn+2_m of the mth
column of pixel units. The second end of the first switch T5 is
coupled to the data line DLm. That is, the second ends of the
first switch T1 and the first switch T5 are both coupled to the
data line DLm, and both the first liquid-crystal capacitor C1
and the second liquid-crystal capacitor C2 are charged by the
data signal SDm furnished via the data line DL.m.

In the (n+1)th pixel unit Pn+1_m of the mth column of
pixel units, the first ends of the first liquid-crystal capacitor
C3 and the second liquid-crystal capacitor C4 are both
coupled to the common line CLn+1. The gates of the first
switch T3 and the second switch T4 are both coupled to the
gate line GLn+1. The first end of the first switch T3 is coupled
to the second end of the first liquid-crystal capacitor C3. The
first end of the second switch T4 is coupled to the second end
of the second liquid-crystal capacitor C4. The second end of
the first switch T3 is coupled to the data line DLm+1. The
second end of the second switch T4 is coupled to the first end
of the first switch T6 in the (n+3)th pixel unit Pn+3_m of the
mth column of pixel units. The second end of the first switch
T6 is coupled to the data line DLm+1. That is, the second ends
of the first switch T3 and the first switch T6 are both coupled
to the data line DLm+1, and both the first liquid-crystal
capacitor C3 and the second liquid-crystal capacitor C4 are
charged by the data signal SDm+1 furnished via the data line
DLm+1.

In the nth pixel unit Pn_m+1 of the (m+1)th column of
pixel units, the first ends of the first liquid-crystal capacitor
C11 and the second liquid-crystal capacitor C12 are both
coupled to the common line CLn. The gates of the first switch
T11 and the second switch T12 are both coupled to the gate
line GLn. The firstend of the first switch T11 is coupled to the
second end of the first liquid-crystal capacitor C11. The first
end of the second switch T12 is coupled to the second end of
the second liquid-crystal capacitor C12. The second end of
the first switch T11 is coupled to the data line DLm+1. The
second end ofthe second switch T12 is coupled to the first end
of the first switch T15 in the (n+2)th pixel unit Pn+2_m+1 of
the (m+1)th column of pixel units. The second end of the first
switch T15 is coupled to the data line DLm+1. That is, the
second ends of the first switch T11 and the first switch T15 are
both coupled to the data line DLm+1, and both the first
liquid-crystal capacitor C11 and the second liquid-crystal
capacitor C12 are charged by the data signal SDm+1 fur-
nished via the data line DLm+1.

In the (n+1)th pixel unit Pn+1_m+1 of the (m+1)th column
of pixel units, the first ends of the first liquid-crystal capacitor
C13 and the second liquid-crystal capacitor C14 are both
coupled to the common line CLn+1. The gates of the first
switch T13 and the second switch T14 are both coupled to the
gate line GLn+1. The first end of the first switch T13 is
coupled to the second end of the first liquid-crystal capacitor
C13. The first end of the second switch T14 is coupled to the
second end of the second liquid-crystal capacitor C14. The
second end of the first switch T13 is coupled to the data line
DLm+2. The second end of the second switch T14 is coupled
to the first end of the first switch T16 in the (n+3)th pixel unit
Pn+3_m+1 of the (m+1)th column of pixel units. The second
end of the first switch T16 is coupled to the data line DLm+2.
That is, the second ends of the first switch T13 and the first
switch T16 are both coupled to the data line DLm+2, and both
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the first liquid-crystal capacitor C13 and the second liquid-
crystal capacitor C14 are charged by the data signal SDm+2
furnished via the data line DLm+2.

In summary, each first liquid-crystal capacitor 245 is
charged via a corresponding data line 220 and the first switch
241 of the same pixel unit 240. Each second liquid-crystal
capacitor 247 is charged via a corresponding data line 220, the
first switch 241 of different pixel unit 240, and the second
switch 243 of the same pixel unit 240. Furthermore, both the
first liquid-crystal capacitor 245 and the second liquid-crystal
capacitor 247 of each pixel unit 240 are charged by the data
signal furnished via the same data line 220. Accordingly,
while driving the LCD device 200 based on the column-
inversion driving operation, the sub-pixel voltages corre-
sponding to the first liquid-crystal capacitor 245 and second
liquid-crystal capacitor 247 of each pixel unit 240 have the
same polarity regardless of different polarities of data signals
corresponding to adjacent data lines 220. That is, if the sub-
pixel voltage VBn corresponding to the first liquid-crystal
capacitor C1 is a positive-polarity voltage, then the sub-pixel
voltage VDn corresponding to the second liquid-crystal
capacitor C2 is also a positive-polarity voltage, and vice
versa. Therefore, brightness loss in the main slit can be
reduced significantly in that the sub-pixel voltages with the
same polarity have almost no effect on the angles of the
liquid-crystal molecules in the main-slit between the first
liquid-crystal capacitor 245 and second liquid-crystal capaci-
tor 247 of each pixel unit 240.

Besides, since the first liquid-crystal capacitor 245 and the
second liquid-crystal capacitor 247 of each pixel unit 240 are
charged via the same data line 220, the data signal driving
frequency of the LCD device 200 can be lower than that of the
prior-art LCD device, and the power consumption of the LCD
device 200 is lowered accordingly. In view of that, the work-
ing temperature of the source driver 280 can be decreased as
a result of the lower power consumption, and the lifetime of
the source driver 280 is extended following the decrease of
the working temperature. Moreover, the LCD device 200 is
able to display dot-inversion frames based on the column-
inversion driving operation in that the adjacent pixel units 240
in vertical or horizontal direction are written via adjacent data
lines 220 having data signals with different polarities.

In another embodiment, in the nth pixel unit Pn_m of the
mth column of pixel units, the second end of the second
switch T2 can be coupled to the first end of the first switch T7
in the (n+4)th pixel unit Pn+4_m of the mth column of pixel
units. Since the second end of the first switch T7 is also
coupled to the data line DLm, therefore both the first liquid-
crystal capacitor C1 and the second liquid-crystal capacitor
C2 are also charged by the data signal SDm furnished via the
data line DLm for generating the sub-pixel voltages VBn and
VDn with the same polarity. In an equivalent embodiment, in
the nth pixel unit Pn_m of the mth column of pixel units, the
second end of the second switch T2 can be coupled to the first
end of the first switch in the (n+x)th pixel unit Pn+x_m of the
mth column of pixel units. The numbers m and n are positive
integers and the number x is an even number so that the
sub-pixel voltages corresponding to the first liquid-crystal
capacitor 245 and the second liquid-crystal capacitor 247 of
each pixel unit 240 have the same polarity.

FIG. 3 is a schematic diagram showing an LCD device in
accordance with a second embodiment of the present inven-
tion. As shown in FIG. 3, the LCD device 300 comprises a
plurality of gate lines 310, a plurality of auxiliary gate lines
312, aplurality of data lines 320, a plurality of common lines
330, a plurality of auxiliary common lines 332, a plurality of
rows of pixel units, a plurality of rows of auxiliary pixel units,
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and a source driver 380. The common lines 330 and the
auxiliary common lines 332 are furnished with a common
voltage Vcom. Each row of pixel units comprises a plurality
of pixel units 340. Each pixel unit 340 comprises a first switch
341, a second switch 343, a first liquid-crystal capacitor 345,
and a second liquid-crystal capacitor 347. The plurality of
rows of auxiliary pixel units comprise a first row of auxiliary
pixel units, a second row of auxiliary pixel units, a third row
of auxiliary pixel units and a fourth row of auxiliary pixel
units. Each auxiliary gate line 312 is utilized for receiving a
corresponding auxiliary gate signal. The source driver 380 is
coupled to the plurality of data lines 320 for providing a
plurality of data signals. The coupling relationships corre-
sponding to the pixel units 340 disposed between the second
and penultimate rows of pixel units are the same as the afore-
mentioned coupling relationships of the LCD device 200 in
FIG. 2, and for the sake of brevity, further similar description
is omitted.

The firstand second rows of auxiliary pixel units comprise
a plurality of top-margin auxiliary pixel units 390. The third
and fourth rows of auxiliary pixel units comprise a plurality of
bottom-margin auxiliary pixel units 395. Each top-margin
auxiliary pixel unit 390 comprises a first auxiliary switch 391
and a first auxiliary capacitor 393. Each bottom-margin aux-
iliary pixel unit 395 comprises a second auxiliary switch 397
and a second auxiliary capacitor 399. The first switch 341, the
second switch 343, the first auxiliary switch 391 and the
second auxiliary switch 397 can be MOS field effect transis-
tors or thin film transistors.

Each first auxiliary capacitor 393 comprises a first end and
a second end. The first end of each first auxiliary capacitor
393 is coupled to one corresponding auxiliary common line
332. Each first auxiliary switch 391 comprises a first end
coupled to the second end of one corresponding first auxiliary
capacitor 393, a second end coupled to one corresponding
first switch 341, and a gate coupled to one corresponding
auxiliary gate line 312. Each second auxiliary capacitor 399
comprises a first end and a second end. The first end of each
second auxiliary capacitor 399 is coupled to one correspond-
ing auxiliary common line 332. Each second auxiliary switch
397 comprises a first end coupled to the second end of one
corresponding second auxiliary capacitor 399, a second end
coupled to one corresponding data line 320, and a gate
coupled to one corresponding auxiliary gate line 312. The
first end of each second auxiliary switch 397 is further
coupled to one corresponding second switch 343.

For instance, in the mth top-margin auxiliary pixel unit
PA1 of the first row of auxiliary pixel units, the first end of the
first auxiliary capacitor CA1 is coupled to the auxiliary com-
mon line CLA1. The first end of the first auxiliary switch TA1
is coupled to the second end of the first auxiliary capacitor
CALl. The second end of the first auxiliary switch TA1 is
coupled to the first switch T2m in the mth pixel unit P2m of
the second row of pixel units. In the mth top-margin auxiliary
pixel unit PA2 of the second row of auxiliary pixel units, the
first end of the first auxiliary capacitor CA2 is coupled to the
auxiliary common line CLA2. The first end of the first aux-
iliary switch TA2 is coupled to the second end of the first
auxiliary capacitor CA2. The second end of the first auxiliary
switch TA2 is coupled to the first switch T1m in the mth pixel
unit P1m of the first row of pixel units.

In the mth bottom-margin auxiliary pixel unit PA3 of the
third row of auxiliary pixel units, the first end of the second
auxiliary capacitor CA3 is coupled to the auxiliary common
line CLA3. The first end of the second auxiliary switch TA3
is coupled to the second end of the second auxiliary capacitor
CA3. The second end of the second auxiliary switch TA3 is
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coupled to the data line DLm. The first end of the second
auxiliary switch TA3 is further coupled to the second switch
Tdm in the mth pixel unit P4m of the penultimate row of pixel
units. In the mth bottom-margin auxiliary pixel unit PA4 of
the fourth row of auxiliary pixel units, the first end of the
second auxiliary capacitor CA4 is coupled to the auxiliary
common line CLA4. The first end of the second auxiliary
switch TA4 is coupled to the second end of the second aux-
iliary capacitor CA4. The second end of the second auxiliary
switch TA4 is coupled to the data line DLm+1. The first end
of the second auxiliary switch TA4 is further coupled to the
second switch T3m in the mth pixel unit P3m of the last row
of pixel units.

With the aid of the first and second rows of auxiliary pixel
units, the data writing operations for writing corresponding
data signals into the first liquid-crystal capacitors 345 of the
first and second rows of pixel units can be processed accu-
rately. In other words, without the aid of the first and second
rows of auxiliary pixel units, the data writing operations for
writing corresponding data signals into the first liquid-crystal
capacitors 345 of the first and second rows of pixel units
cannot be processed accurately in that the charging processes
for the first liquid-crystal capacitors 345 of the first and sec-
ondrows of pixel units are performed without the correspond-
ing second liquid-crystal capacitors 347 or the equivalent first
auxiliary capacitors 393. With the aid of the third and fourth
rows of auxiliary pixel units, the data writing operations for
writing corresponding data signals into the second liquid-
crystal capacitors 347 of the last and penultimate rows of
pixel units can be processed accurately, and the sub-pixel
voltages corresponding to the first liquid-crystal capacitors
345 and the second liquid-crystal capacitors 347 of each pixel
unit 340 of the last and penultimate rows of pixel units have
the same polarity. Without the aid of the third and fourth rows
of auxiliary pixel units, the data writing operations for writing
corresponding data signals into the second liquid-crystal
capacitors 347 of the last and penultimate rows of pixel units
cannot be processed.

In summary, while driving the LCD device 300 of the
present invention based on the column-inversion driving
operation, the sub-pixel voltages corresponding to the first
liquid-crystal capacitor 345 and second liquid-crystal capaci-
tor 347 of each pixel unit 340 have the same polarity regard-
less of different polarities of data signals corresponding to
adjacent data lines 320. Therefore, brightness loss in the main
slit can be reduced significantly in that the sub-pixel voltages
with the same polarity have almost no effect on the angles of
the liquid-crystal molecules in the main-slit between the first
liquid-crystal capacitor 345 and second liquid-crystal capaci-
tor 347 of each pixel unit 340.

Furthermore, the charging process for each first liquid-
crystal capacitor 345 is performed with one corresponding
second liquid-crystal capacitor 347 or one equivalent first
auxiliary capacitor 393 so that the data writing operation for
writing one corresponding data signal into each first liquid-
crystal capacitor 345 can be processed accurately. Also, the
charging process for each second liquid-crystal capacitor 347
is performed with one corresponding first liquid-crystal
capacitor 345 or one equivalent second auxiliary capacitor
399 so that the data writing operation for writing one corre-
sponding data signal into each second liquid-crystal capacitor
347 can be processed accurately.

Besides, since the first liquid-crystal capacitor 345 and the
second liquid-crystal capacitor 347 of each pixel unit 340 are
charged via the same data line 320, the data signal driving
frequency of the LCD device 300 can be lower than that of the
prior-art LCD device, and the power consumption of the LCD
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device 300 is lowered accordingly. In view of that, the work-

ing temperature of the source driver 380 can be decreased as

a result of the lower power consumption, and the lifetime of

the source driver 380 is extended following the decrease of

the working temperature. Moreover, the LCD device 300 is
able to display dot-inversion frames based on the column-

inversion driving operation in that the adjacent pixel units 340

in vertical or horizontal direction are written via adjacent data

lines 320 having data signals with different polarities.

FIG. 4 is a timing diagram schematically showing the
related signal waveforms regarding the driving operation of
the LCD device in FIG. 2, having time along the abscissa. The
signal waveforms in FIG. 4, from top to bottom, are a plurality
of odd gate signals SGn, SGn+2, SGn+4, etc., and a plurality
of even gate signals SGn+1, SGn+3, SGn+5, etc. As shown in
FIG. 4, the Kth frame time in the driving operation of the LCD
device 200 is divided into the first half frame time and the
second half frame time. Please refer to FIG. 5 in conjunction
with FIGS. 2 and 4. FIG. 5 is a flowchart depicting a driving
method for driving the LCD device in FIG. 2 based on the
related signal waveforms in FIG. 4. As shown in FIG. 5, the
driving method 500 comprises the following steps:

Step S505: enabling the gate signal SGn during the first
interval Td1 of the first half frame time in the Kth frame
time;

Step S510: charging the firstliquid-crystal capacitor C1 ofthe
pixel unit Pn_m by the data signal SDm with a first polarity
furnished via the data line DLm and the first switch T1 of
the mth pixel unit Pn_m of the nth row of pixel units based
on theenabled gate signal SGn during the first interval Td1;

Step S515: charging the first liquid-crystal capacitor C11 of
the pixel unit Pn_m+1 by the data signal SDm+1 with a
second polarity furnished via the data line DL.m+1 and the
first switch T11 ofthe (m+1)th pixel unit Pn_m+1 of the nth
row of pixel units based on the enabled gate signal SGn
during the first interval Td1,

Step S520: enabling the gate signals SGn and SGn+2 during
the second interval Td2 of the first half frame time in the
Kth frame time;

Step S525: charging the second liquid-crystal capacitor C2 of
the pixel unit Pn_m by the data signal SDm with the first
polarity furnished via the data line DLm, the first switch T5
of the mth pixel unit Pn+2_m of the (n+2)th row of pixel
units, and the second switch T2 of the pixel unit Pn_m
based on the enabled gate signals SGn and SGn+2 during
the second interval Td2;

Step S530: charging the second liquid-crystal capacitor C12
of the pixel unit Pn_m+1 by the data signal SDm+1 with
the second polarity furnished via the data line DLm+1, the
first switch T15 of the (m+1)th pixel unit Pn+2_m+1 ofthe
(n+2)throw of pixel units, and the second switch T12 of the
pixel unit Pn_m+1 based on the enabled gate signals SGn
and SGn+2 during the second interval Td2;

Step S535: enabling the gate signal SGn+1 during the third
interval Td3 of the second half frame time in the Kth frame
time;

Step S540: charging the firstliquid-crystal capacitor C3 ofthe
pixel unit Pn+1_m by the data signal SDm+1 with the
second polarity furnished via the data line DLm+1 and the
first switch T3 of the mth pixel unit Pn+1_m of the (n+1)th
row of pixel units based on the enabled gate signal SGn+1
during the third interval Td3;

Step S545: charging the first liquid-crystal capacitor C13 of
the pixel unit Pn+1_m+1 by the data signal SDm+2 with
the first polarity furnished via the data line DLm+2 and the
first switch T13 of the (m+1)th pixel unit Pn+1_m+1 ofthe



US 8,373,811 B2

9

(n+1)th row of pixel units based on the enabled gate signal

SGn+1 during the third interval Td3;

Step S550: enabling the gate signals SGn+1 and SGn+3 dur-
ing the fourth interval Td4 of the second half frame time in
the Kth frame time;

Step S555: charging the second liquid-crystal capacitor C4 of
the pixel unit Pn+1_m by the data signal SDm+1 with the
second polarity furnished via the data line DLm+1, the first
switch T6 of the mth pixel unit Pn+3_m of'the (n+3)th row
of pixel units, and the second switch T4 of the pixel unit
Pn+1_m based on the enabled gate signals SGn+1 and
SGn+3 during the fourth interval Td4; and

Step 8560: charging the second liquid-crystal capacitor C14
of the pixel unit Pn+1_m+1 by the data signal SDm+2 with
the first polarity furnished via the data line DLm+2, the first
switch T16 of the (m+1)th pixel unit Pn+3_m+1 of the
(n+3)th row of pixel units, and the second switch T14 of the
pixel unit Pn+1_m+1 based on the enabled gate signals
SGn+1 and SGn+3 during the fourth interval Td4.

In the driving method 500 described above, the numbers K,
m and n are positive integers, and the first polarity is opposite
to the second polarity. That is, if the first polarity is positive,
then the second polarity is negative, and vice versa. The first
interval Tdl and the second interval Td2 are partly over-
lapped, or alternatively the second interval Td2 is part of the
first interval Td1. Similarly, the third interval Td3 and the
fourth interval Td4 are partly overlapped, or alternatively the
fourth interval Td4 is part of the third interval Td3. In one
embodiment, the first half frame time is prior to the second
half frame time as shown in the timing diagram in FIG. 4. In
another embodiment, the second half frame time can be prior
to the first half frame time without affecting the performance
of the LCD device 200.

In an equivalent embodiment, the pixel units Pn+2_m,
Pn+2_m+1, Pn+3_m and Pn+3_m+1 in steps of the driving
method 500 can be replaced with Pn+x_m, Pn+x_m+l,
Pn+x+1_m and Pn+x+1_m+1 respectively. The number x is
an even number so that the sub-pixel voltages corresponding
to the first liquid-crystal capacitor and the second liquid-
crystal capacitor of each pixel unit still have the same polarity
in the column-inversion driving operation. Furthermore, the
data signal of each data line retains the same polarity in each
frame time, and the polarity switching process corresponding
to each data signal occurs only when switching frames.
Accordingly, the polarity switching frequency of each data
signal can be reduced, and therefore the power consumption
of the LCD device is reduced so that the LCD device can be
operated in a lower working temperature for extending the
lifetime of the LCD device.

The present invention is by no means limited to the
embodiments as described above by referring to the accom-
panying drawings, which may be modified and altered in a
variety of different ways without departing from the scope of
the present invention. Thus, it should be understood by those
skilled in the art that various modifications, combinations,
sub-combinations and alternations might occur depending on
design requirements and other factors insofar as they are
within the scope of the appended claims or the equivalents
thereof.

What is claimed is:

1. A liquid crystal display device comprising:

aplurality of data lines, each of the data lines being adapted

to receive a corresponding data signal;

aplurality of gate lines, each of the gate lines being adapted

to receive a corresponding gate signal;

a plurality of common lines for receiving a common volt-

age; and
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a plurality of columns of pixel units, each column of pixel
units comprising a plurality of pixel units, an nth pixel
unit of an mth column of pixel units in the columns of
pixel units comprising;

a first liquid-crystal capacitor comprising a first end
coupled to a corresponding common line of the com-
mon lines, and a second end;

a second liquid-crystal capacitor comprising a first end
coupled to the corresponding common line, and a
second end;

afirst switch comprising a firstend coupled to the second
end of the first liquid-crystal capacitor, a gate coupled
to a corresponding gate line of the gate lines, and a
second end coupled to a first dataline of the data lines;
and

a second switch comprising a first end coupled to the
second end of the second liquid-crystal capacitor, a
gate coupled to the corresponding gate line, and a
second end coupled to the first end of the first switch
of a different pixel unit, wherein the different pixel
unit is a (n+x)th pixel unit of the mth column of pixel
units; wherein m and n are positive integers, and x is
an even number;

wherein the second end of the first switch of the different
pixel unit is coupled to the first data line.

2. The liquid crystal display device of claim 1, wherein X is

equal to 2.

3. The liquid crystal display device of claim 1, wherein:

the second end of the first switch in the nth pixel unit of the
mth column of pixel units is coupled to an mth data line
of the data lines; and

the second end of the first switch in a (n+2)th pixel unit of
the mth column of pixel units is coupled to the mth data
line;

wherein the first end of the first switch in the (n+2)th pixel
unit of the mth column of pixel units is coupled to the
second end of the second switch in the nth pixel unit of
the mth column of pixel units.

4. The liquid crystal display device of claim 3, wherein:

the second end of the first switch in a (n+1)th pixel unit of
the mth column of pixel units is coupled to a (m+1)th
data line of the data lines; and

the second end of the first switch in a (n+3)th pixel unit of
the mth column of pixel units is coupled to the (m+1)th
data line;

wherein the first end of the first switch in the (n+3)th pixel
unit of the mth column of pixel units is coupled to the
second end of the second switch in the (n+1)th pixel unit
of the mth column of pixel units.

5. The liquid crystal display device of claim 1, wherein:

the second end of the first switch in an nth pixel unit of a
(m+1)th column of pixel units of the columns of pixel
units is coupled to a (m+1)th data line of the data lines;
and

the second end of the first switch in a (n+2)th pixel unit of
the (m+1)th column of pixel units is coupled to the
(m+1)th data line;

wherein the first end of the first switch in a (n+2)th pixel
unit of the (m+1)th column of pixel units is coupled to
the second end of the second switch in the nth pixel unit
of the (m+1)th column of pixel units.

6. The liquid crystal display device of claim 5, wherein:

the second end of the first switch in a (n+1)th pixel unit of
the (m+1)th column of pixel units is coupled to a (m+2)
th data line of the data lines; and
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the second end of the first switch in a (n+3)th pixel unit of
the (m+1)th column of pixel units is coupled to the
(m+2)th data line;

wherein the first end of the first switch in the (n+3)th pixel
unit of the (m+1)th column of pixel units is coupled to
the second end of the second switch in the (n+1)th pixel
unit of the (m+1)th column of pixel units.

7. The liquid crystal display device of claim 1, further

comprising:

a first auxiliary gate line adjacent to a first gate line of the
gate lines, the first auxiliary gate line being adapted to
receive a first auxiliary gate signal;

a second auxiliary gate line adjacent to the first auxiliary
gate line, the second auxiliary gate line being adapted to
receive a second auxiliary gate signal,

a first auxiliary common line for receiving the common
voltage;

a second auxiliary common line for receiving the common
voltage;

a first row of auxiliary pixel units comprising a plurality of
auxiliary pixel units, each of the auxiliary pixel units in
the first row of auxiliary pixel units comprising:

a first auxiliary capacitor comprising a first end coupled
to the first auxiliary common line, and a second end;
and

a first auxiliary switch comprising a first end coupled to
the second end of the first auxiliary capacitor, a gate
coupled to the first auxiliary gate line, and a second
end coupled to the first end of a corresponding first
switch; and

asecond row of auxiliary pixel units comprising a plurality
of auxiliary pixel units, each of the auxiliary pixel units
in the second row of auxiliary pixel units comprising;

a second auxiliary capacitor comprising a first end
coupled to the second auxiliary common line, and a
second end; and

a second auxiliary switch comprising a first end coupled
to the second end of the second auxiliary capacitor, a
gate coupled to the second auxiliary gate line, and a
second end coupled to the first end of a corresponding
first switch.

8. The liquid crystal display device of claim 7, wherein:

the second end of the first auxiliary switch in an mth aux-
iliary pixel unit of the first row of auxiliary pixel units is
coupled to the first end of the first switch in a second
pixel unit of the mth column of pixel units; and

the second end of the second auxiliary switch in an mth
auxiliary pixel unit of the second row of auxiliary pixel
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units is coupled to the first end of the first switch in a first

pixel unit of the mth column of pixel units.

9. The liquid crystal display device of claim 1, further

comprising:

a first auxiliary gate line adjacent to a last gate line of the
gate lines, the first auxiliary gate line being adapted to
receive a first auxiliary gate signal;

a second auxiliary gate line adjacent to the first auxiliary
gate line, the second auxiliary gate line being adapted to
receive a second auxiliary gate signal,

a first auxiliary common line for receiving the common
voltage;

a second auxiliary common line for receiving the common
voltage;

a first row of auxiliary pixel units comprising a plurality of
auxiliary pixel units, each of the auxiliary pixel units in
the first row of auxiliary pixel units comprising:

a first auxiliary switch comprising a first end coupled to
the second end of a corresponding second switch, a
gate coupled to the first auxiliary gate line, and a
second end coupled to a second data line of the data
lines; and

a first auxiliary capacitor comprising a first end coupled
to the first auxiliary common line, and a second end
coupled to the first end of the first auxiliary switch;
and

a second row of auxiliary pixel units comprising a plurality
of auxiliary pixel units, each of the auxiliary pixel units
in the second row of auxiliary pixel units comprising:
asecond auxiliary switch comprising a first end coupled

to the second end of a corresponding second switch, a
gate coupled to the second auxiliary gate line, and a
second end coupled to a third data line of the data
lines; and

a second auxiliary capacitor comprising a first end
coupled to the second auxiliary common line, and a
second end coupled to the first end of the second
auxiliary switch.

10. The liquid crystal display device of claim 9, wherein:

the first end of the first auxiliary switch in an mth auxiliary
pixel unit of the first row of auxiliary pixel units is

coupled to the second end of the second switch in a

penultimate pixel unit of the mth column of pixel units;

and

the first end of the second auxiliary switch in an mth aux-
iliary pixel unit of the second row of auxiliary pixel units
is coupled to the second end ofthe second switch in alast
pixel unit of the mth column of pixel units.
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