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Fig. 3
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Fig. 5

Al
6P
Ai+]
j—
6P2
V2
e
PV2(B) -}
PE
PPV(W) —— T Voon
PV2(B) -----m-n-memeees
SSE
———————————————————————————————————————————————————————— Vcom




Patent Application Publication  Mar. 13,2008 Sheet 6 of 20 US 2008/0062340 A1

Fig. 6A

Ai

v

Fig. 6B

Ai+l

!

Fig. 6C

Ai+1

717

g oz
= =
\'

2 =

! |

|

1 1
@ \
N\

PV1(7V) =

Veom(0V)-—t

}\x

PV2(6.6V)—

:&

Veom(QV)-—+E4




Patent Application Publication  Mar. 13,2008 Sheet 7 of 20 US 2008/0062340 A1
Fig. 7
Ai
GP1
Ai+
a—
GP2
AL v
P Voom
PPV(W) —
PV2(W) —
O s Vcom
PPV(W)




Patent Application Publication  Mar. 13,2008 Sheet 8 of 20 US 2008/0062340 A1

Fig. 8A

Ai

PV1(1.2V)- ‘ Csh
Vcom(OV)“‘%ﬁ— "7@{% i — PPV

Fig. 8B

Ai+

PV1(1.2V)— Csh
Vcom(OV)___/y/*/Cﬁéé— “7/7//7(?{% I et ~ PPV

Fig. 8C

Ai+1

PV2(1.1V)——|H—~ v vy N N N avavaysys il
//,Czl,g/ /4/ 62?/7/ /ﬁc/sh Veom(0V)

A0




Patent Application Publication  Mar. 13,2008 Sheet 9 of 20 US 2008/0062340 A1
Fig. 9
Al
f—
GP1
Ait+1
o —
GP2
4
PV iwg ----------- V
PV2(W) -1 e
-------------------------------------------------------- Veom
PE
PPV(B) ——
Al —
-------------------------------------------------------- Veom
SSE

PPV(B)




Patent Application Publication  Mar. 13,2008 Sheet 10 of 20  US 2008/0062340 A1

Fig. 10A
Ai
PVA(1.2V)— C
Vcom(OV)‘—‘%/C-éé —;;/ ét—/ Jo_ 4] _Gsh_ |
- PPV
Fig. 10B
Ai+
PVI(1.2V)—— Ceh
Veom(OV)™ — 1777 =7 AV 7 7= A~ 11—~
——PPV
Fig. 10C
Ai+1
| | IR

PV2(0.5V)—
(0.5V) 7/&/0_/ I ///// ESIA - _76;?1[/” - Vcom(0V)




Patent Application Publication  Mar. 13,2008 Sheet 11 of 20  US 2008/0062340 A1

Second Pixel Voltage

0.0

0 5 10 15 20 25 30 35 40 45 50 55 60

Frame



Patent Application Publication  Mar. 13,2008 Sheet 12 of 20  US 2008/0062340 A1
Fig. 12

oLi DEY T4 SE
\

( L)

=1 GE1

T t—DL]

OP1—L T

T~ PE

I A
! ) |
- ?y
| ] I
. . GE2
1/ A+
* SéE e ,‘,~H/T | | SE2

D1
GLi+1 DE2

D2



US 2008/0062340 A1

Mar. 13,2008 Sheet 13 of 20

Patent Application Publication

Y
w0
—
—

™
@
T
'
N




Patent Application Publication  Mar. 13,2008 Sheet 14 of 20  US 2008/0062340 A1

Fig. 14

DE1 Tt SE1
\

)

) = =] (\ () 7/
\A\(
!II! ] ¢
=N ¢e
SE +~t—— DL
T T~~~ PE
l G3 £2 i}
.‘ ) T
T & et
— / T '___\;__// GE2
( T27L:—+_{T S
\ i \ P

[
SS/E GLi)+1 DE/2 Al_m

D2



US 2008/0062340 A1

Mar. 13,2008 Sheet 15 of 20

Patent Application Publication

¢3S ¢19

E Y

=1

CLESCLET N

_.N_’/-—-\

Mm
m V
N
e

3 - I ! | NN
Y / SN \ 4 J \
ELL 7 mmmw, MWWW_JKSKlo nwwmwumnq
.H._n_ - Jl? N /d_ e _7 g
189 Z9 £ cusd
SQ10=F FUSOF
el —
(AREAA
_.N_.\# \
I I

CT 314




Patent Application Publication  Mar. 13,2008 Sheet 16 of 20  US 2008/0062340 A1

Fig. 16

Clc ‘ |
CSt—>— e

Csh?2

GLi+1 §

——




Mar. 13,2008 Sheet 17 of 20  US 2008/0062340 A1

Patent Application Publication
Fig. 17

DE1 T1 SET
\

)

-
) = =] \\ ( 7
"'( /l |\' H
Gl XT3+
SE - nLj
1 T™~~4__— PE
I G3 C2 i
_ FE i
- T '___:*__// GE2
/ Tz?tﬁ—ﬁﬂ | SE2
\ . \ S~

==
SS/E GLi)H DE/2 Tm

D2



US 2008/0062340 A1

Mar. 13,2008 Sheet 18 of 20

Patent Application Publication

aSS

LEE

OLIq Sl

-.,_____,/ =

UsS) 1

"

ECl—
AR

rm_.\/|¥\

il

8T "J14




Patent Application Publication  Mar. 13,2008 Sheet 19 of 20  US 2008/0062340 A1

Fig. 19

A

1 |
Clc |
CSt—= ~—

/I'I
(i)
p]
iy

L
T2/JT
GLi+ §

A




Patent Application Publication  Mar. 13,2008 Sheet 20 of 20  US 2008/0062340 A1

Fig. 20

| —SE1
GE1
| —DE1

~—DLj

| PE

GE2

L A L +—1—— SE?

)
2

SE  SSE GLi+1 DE2 T



US 2008/0062340 A1

ARRAY PANEL AND METHOD OF DRIVING
THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority of Korean
Patent Application No. 10-2006-086969 filed on Sep. 8,
2006. The entire disclosure of application is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] This invention relates to liquid crystal displays, and
more particularly to an array panel for liquid crystal dis-
plays.

[0004] (b) Description of the Related Art

[0005] Liquid crystal displays have been widely used in

mobile devices such as laptop computers and cellular tele-
phones. For use in mobile devices, low power consumption
is needed. At the same time, a high response speed is needed
to display motion pictures.

[0006] More particularly, a conventional liquid crystal
display applies an electric field to a liquid crystal layer to
display an image. The magnitude of the electric field con-
trols the transmittance of light passing through the liquid
crystal layer so that a desired image is displayed.

[0007] However, a conventional liquid crystal display is
not well suited for motion pictures because the liquid crystal
molecules have a low response speed. The electric field
needs to be increased if a high response speed is desired.
[0008] In order to charge a liquid crystal capacitor to a
target voltage, a predetermined time is required to obtain a
desired brightness due to the dynamic dielectric constant of
the liquid crystal. Especially, in case that a voltage difference
between a previous voltage charged into the liquid crystal
capacitor during a previous frame and the target voltage
corresponding to a present frame becomes larger, since the
dynamic dielectric constant of the liquid crystal is largely
changed, a voltage charged in the liquid crystal capacitor
arrives at the target voltage over some frame.

[0009] Accordingly, a conventional LCD employs a
dynamic capacitance compensation (DCC) method. Accord-
ing to the DCC method, a compensation data is applied to
pixels during a present frame based on a difference gray
scale between a present image data of the present frame and
a previous image data of a previous frame.

[0010] However, additional memories are necessary in the
conventional LCD employing the DCC method to store the
image data corresponding to each frame.

SUMMARY

[0011] Some embodiments of the present invention pro-
vide an array panel and a display device with an improved
response speed at a given voltage. In some embodiments, an
additional capacitor (“sharing capacitor”) 1s provided for
each pixel to store the previous voltage on the pixel elec-
trode (i.e. the voltage obtained in the previous frame). At an
opportune time after the pixel electrode has begun to charge
for the current frame, the sharing capacitor’s electrode is
coupled to the pixel electrode to combine the pixel elec-
trode’s voltage with the sharing capacitor’s voltage. As a
result, the pixel electrode’s voltage is changed to take into
account the previous voltage so as to increase the liquid

Mar. 13,2008

crystal’s response speed. More particularly, the sharing
capacitor’s voltage changes the pixel voltage to provide a
greater voltage overshoot or undershoot when the pixel color
is changed a lot, so as to increase the liquid crystal response
time. Therefore, greater response speed is provided.
[0012] In an exemplary embodiment of the present inven-
tion, the array panel includes a lower substrate, an upper
substrate, a first gate line, a second gate line, a data line, a
liquid crystal capacitor, a sharing capacitor, a first switching
device, and a second switching device. The first gate line
receives a first gate pulse and is arranged on the lower
substrate. The second gat line receives a second gate pulse
and is arranged on the lower substrate. The data line receives
a data voltage and is arranged on the lower substrate.
[0013] The liquid crystal capacitor includes a pixel elec-
trode, a common electrode, and a liquid crystal layer inter-
posed between the pixel electrode and the common elec-
trode. The sharing capacitor includes a first sharing
electrode, a second sharing electrode, and a first insulating
layer interposed between the first sharing electrode and the
second sharing electrode.

[0014] The first switching element is coupled to the first
gate line, the data line, and the liquid crystal capacitor and
provides the data voltage to the pixel electrode in response
to the first gate pulse. The second switching element is
coupled to the second gate line, the liquid crystal capacitor
and the sharing capacitor and converts the data voltage of the
pixel electrode into a compensated data voltage in response
to the second gate pulse. The data voltage and the capaci-
tance of the sharing capacitor are determined by the dynamic
capacitance of the liquid crystal capacitor.

[0015] Inan another exemplary embodiment of the present
invention, an array substrate includes a liquid crystal capaci-
tor and sharing capacitor. The liquid crystal capacitor is
charged by a data voltage in response to a first gate pulse.
The charge of the liquid crystal capacitor is mixed with the
charge of the sharing capacitor in response to a second gate
pulse. The data voltage and the capacitance of the sharing
capacitor are determined by the dynamic capacitance of the
liquid crystal capacitor, and the sharing capacitor is isolated
from the liquid crystal capacitor for the charging time of the
liquid crystal capacitor.

[0016] Other features and advantages of the invention are
described below. The invention is defined by the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a block and circuit diagram of a liquid
crystal display device according to some embodiments of
the present invention.

[0018] FIG. 2 is a circuit diagram of a pixel of the liquid
crystal display shown in FIG. 1.

[0019] FIG. 3 shows timing diagrams for a pixel according
to some embodiments of the present invention.

[0020] FIG. 4A to FIG. 4C are diagrams for understanding
voltage variations of a liquid crystal capacitor, a storage
capacitor and a sharing capacitor at different stages illus-
trated in FIG. 3.

[0021] FIG. 5 shows timing diagrams for a pixel according
to some embodiments of the present invention.

[0022] FIG. 6Ato FIG. 6C are diagrams for understanding
voltage variations of a liquid crystal capacitor, a storage
capacitor and a sharing capacitor at different stages illus-
trated in FIG. 3.
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[0023] FIG. 7 shows timing diagrams for a pixel according
to some embodiments of the present invention.

[0024] FIG. 8Ato FIG. 8C are diagrams for understanding
voltage variations of a liquid crystal capacitor, a storage
capacitor and a sharing capacitor at different stages illus-
trated in FIG. 3.

[0025] FIG. 9 shows timing diagrams for a pixel according
to some embodiments of the present invention.

[0026] FIG.10A to FIG. 10C are diagrams for understand-
ing voltage variations of a liquid crystal capacitor, a storage
capacitor and a sharing capacitor at different stages illus-
trated in FIG. 3.

[0027] FIG. 11 is a graph of a pixel voltage magnitude
over a sequence of frames in some embodiments of the
present invention.

[0028] FIG. 12 is a lay-out view of a pixel according to
one embodiment of this invention.

[0029] FIG. 13 shows a vertical cross section along the
line I-I' shown in FIG. 12.

[0030] FIG. 14 is a layout view of a pixel according to
another embodiment of this invention.

[0031] FIG. 15 shows a vertical cross section along the
line II-IT' shown in FIG. 14.

[0032] FIG. 16 is a circuit diagram of a pixel of the liquid
crystal display shown in FIG. 14.

[0033] FIG. 17 is a layout view of a pixel according to
some embodiments of this invention.

[0034] FIG. 18 shows a vertical cross section along the
line TII-11I' shown in FIG. 17.

[0035] FIG. 19 is a circuit diagram of a pixel of the liquid
crystal display shown in FIG. 17.

[0036] FIG. 20 is a layout view of a pixel according to
some embodiments of this invention.

DESCRIPTION OF SOME EMBODIMENTS

[0037] Some embodiments of the present invention will
now be described more fully with reference to the accom-
panying drawings.

[0038] In the drawings, it will be understood that when an
element or layer is referred to as being “on”, “connected to”
or “coupled to” another element or layer, it can be directly
on, connected or coupled to the other element or layer or
intervening elements or layers may be present.

[0039] An array panel according to the present invention
includes a first switching element and a voltage level con-
troller.

[0040] The first switching element is coupled to a current
gate line, a pixel electrode and a data line.

[0041] The current gate line formed on a first base panel
receives a first gate pulse and the data line receives a first
pixel voltage as a data voltage. The pixel electrode which is
coupled to the output electrode of the first switching element
receives the first pixel voltage. The voltage level controller
includes a second switching element coupled to the pixel
electrode The voltage level controller operates in response to
the second gate pulse, and changes the first pixel voltage to
the second pixel voltage by sharing the first voltage with a
previous voltage charged during a previous frame period.
[0042] This display device further includes a gate drive
circuit, a data drive circuit, a liquid crystal capacitor, a
storage capacitor in addition to the first switching element
and a voltage level controller.
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[0043] The gate drive circuit sequentially generates a first
gate pulse and a second gate pulse and the data drive circuit
generates a first pixel voltage.

[0044] The liquid crystal capacitor comprises a pixel elec-
trode which is coupled to the output electrode of the first
switching element and receives the first pixel voltage, a
common electrode which receives a common voltage and
liquid crystal interposed therebetween.

[0045] The storage capacitor comprises a storage elec-
trode which receives a common voltage, a pixel electrode
and an insulator interposed therebetween.

[0046] According to driving method of display device in
this invention, the first pixel voltage is charged in a liquid
crystal capacitor in response to the first gate pulse and then
is stepped down to the second pixel voltage in response to
the second gate pulse.

[0047] As a sharing capacitor preserves a previous voltage
of previous frame and steps down a current pixel voltage by
using the previous pixel voltage, a current pixel voltage
becomes over-shoot or under-shoot and the response speed
of liquid crystal can be increased.

[0048] Some embodiments of the present invention will
now be described with reference FIG. 1 to FIG. 20.

[0049] FIG. 1 is a block and circuit diagram of a liquid
crystal display device according to some embodiments of
the present invention. The liquid crystal display 400 includes
an array panel 100, a gate drive circuit 200 for generating
gate pulses, and a data drive circuit 300 for generating data
voltages.

[0050] The array panel 100 includes gate lines GL1~GLn,
data lines DL1~DLm and nxm pixels. The gate lines
GL1~GLn extend in a first direction D1 and the data lines
DL1~DLm extend in a second direction D2 perpendicular to
the first direction D1.

[0051] The gate lines GL1~GLn are coupled to the gate
drive circuit 200, which sequentially provides a gate pulse to
consecutive gate lines.

[0052] The data lines DL1~DLm are coupled to the data
drive circuit 300 to receive the data voltages.

[0053] The voltage polarity of each pixel is inverted every
frame. A frame is a time period in which each pixel is driven
once with some voltage. A frame is sometimes called a
“cycle”. Depending on the driving method, the pixel polarity
may change from pixel to pixel in the same frame. For
example, the pixel polarity can be inverted every row or
every two rows (the rows run in direction D1), or can be
inverted on every pixel both in each row and each column
(“dot inversion”).

[0054] The gate lines GL1~GLn and the data lines
DL1~DLm overlap in a matrix containing (nxm) pixels. All
the pixels have an identical structure.

[0055] FIG. 2 is a circuit diagram of a typical pixel (i,j),
i.e. a pixel in the ith row and jth column, in the liquid crystal
display shown in FIG. 1. The numbers 1, j are integers in the
range from 1 to n-1 and from 1 to m-1 respectively. The pixel
includes a first thin film transistor T1, a liquid crystal
capacitor Clc, a storage capacitor Cst, a sharing capacitor
Csh and a second thin film transistor T2,

[0056] A first gate electrode GE1 of the first thin film
transistor T1 is coupled to the i’th gate line GLi, and a first
source electrode SE1 is coupled to the j’th data line DLj. A
first drain electrode DE1 is coupled to a pixel electrode PE,
which provides one capacitor plate (capacitor electrode) of
liquid crystal capacitor Clc. The other plate (other electrode)
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is provided by a common electrode (not shown), and the
capacitor dielectric is provided by a liquid crystal layer (not
shown) interposed between the pixel electrode PE and the
common electrode. The common electrode is formed oppo-
site to the pixel electrode PE.

[0057] The storage capacitor Cst is connected in parallel
with the liquid crystal capacitor Cle. A first electrode of the
storage capacitor Cst is the pixel electrode PE, and a second
electrode of the storage capacitor Cst is a storage electrode
(not shown in FIG. 2). The storage electrode may receive a
common voltage, ie. the same voltage as the common
electrode. An insulator is interposed between the pixel
electrode and the storage electrode.

[0058] The second thin film transistor T2 includes a sec-
ond gate electrode GE2 coupled to the i+1’st gate line
GLi+1, a second source electrode SE2 coupled to the pixel
electrode PE, and a second drain electrode DE2 coupled to
the sharing capacitor Csh.

[0059] The sharing capacitor Csh includes a first sharing
electrode(not shown in FIG. 2) coupled to the storage
electrode and a second sharing electrode SSE coupled to the
second drain electrode DE2. An insulator is interposed
between the first sharing electrode and the second sharing
electrode.

[0060] FIG. 3 shows timing diagrams for pixel voltages.
The signals GP1, GP2 are the voltages on the respective gate
lines GLi, GLi+1. “Ai” is the i’th active period, i.e. the
driving period for the pixels connected to the i-th gate line
GLi. Ai is thus the time when the gate pulse is on. When the
i-th gate line GLi receives a gate pulse in the i-th active
period Al, the first thin film transistor T1 turns on and
provides a first pixel voltage to the pixel electrode PE in
response to the data voltage on the j-th data line DL;.
[0061] At the same time, the common electrode is at a
common voltage Vcom, which is a reference voltage. There-
fore, the liquid crystal capacitor Clc is charged to the voltage
difference between the first pixel voltage and the common
voltage.

[0062] During the i+1’st active period Ai+l, which is a
driving period for the pixels connected to the i+1°st gate line
GLi+1, the pixel electrode PE and the second sharing
electrode SSE are coupled to each other through the second
thin film transistor T2 in response to the gate pulse of the
voltage GP2 applied to the i+1’st gate line GLi+1. The
second thin film transistor T2 is turned on right after the first
thin film transistor T1 is turned off.

[0063] During the i+1’st active period Ai+l, when the
pixel electrode PE and the sharing electrode SSE are
coupled through the second thin film transistor T2, the liquid
crystal capacitor Clc, the storage capacitor Cst and the
sharing capacitor Csh equalize their voltages as these
capacitors share the charge stored on the pixel electrode PE
(charge sharing effect).

[0064] Assuming for the sake of illustration that the com-
mon voltage is 0V, both the liquid crystal capacitor Clc and
the storage capacitor Cst are charged to the first pixel voltage
“PV1” during the i’th active period Ai in a current frame. We
will assume for the sake of illustration that the first pixel
voltage PV1 has positive polarity (relative to the common
voltage). At this time, the sharing capacitor Csh is still at a
negative-polarity voltage PPV obtained in the previous
frame.

[0065] During the i+1’st active period Ai+1 of the current
frame, the sharing capacitor Csh is coupled to the liquid
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crystal capacitor Clc and the storage capacitor Cst. There-
fore, if “Q¥” denotes the charge stored in the liquid crystal
capacitor Clc and the storage capacitor Cst during the period
Al then the charge Q on the sharing capacitor Csh become
shared among the three capacitors during the period Ai+1.
Consequently, the voltage on the liquid crystal capacitor Clc
and storage capacitor Cst changes from the first pixel
voltage PV1 to a second pixel voltage PV2. The second pixel
voltage PV2 can be found from the following equation (1),
which expresses the conservation law for the total charge Q'
stored by the three capacitors during the periods Ai, Ai+1:

O'=0+CshPPV=CIcPV1+CstPV1+CshPPV=(Clc+

Cst+Csh)PY2 1)
[0066] Therefore,

PV2={PV1(Cle+Csty+CshPPV}/(Cle+Cst+Csh) %)
[0067] According to Equation (2), the second pixel volt-

age PV2 is a function of the capacitances of the liquid crystal
capacitor Clc, the storage capacitor Cst and the sharing
capacitor Csh. The capacitance ratio of the storage capacitor
Cst vs. the liquid crystal capacitor Clc may be 0:1~20:1 and
the capacitance ratio of the sharing capacitor Csh and the
liquid crystal capacitor Clc may be 0.1:1~1:1. It is desirable
that the capacitance ratio of the liquid crystal capacitor Cle
vs. the storage capacitor Cst vs the sharing capacitor Csh is
about 1:0.75:0.3 in a patterned vertical alignment (PVA)
mode.

[0068] In the example of FIG. 3, the pixel color is dark in
two consecutive frames in the normally white mode. FIGS.
4Ato 4C are diagrams for understanding voltages variations
of the liquid crystal capacitor, the storage capacitor and the
sharing capacitor at different stages illustrated in FIG. 3.
[0069] InFIG. 3, immediately before the I’th active period
Ai of the current frame, the pixel electrode PE and the
sharing electrode SSE are at the voltage PPV obtained in the
previous frame. The voltage PPV has negative polarity
relative to the common voltage Vcom, and corresponds to a
dark color (“B”). During the i’th is active period Ai of the
current frame, i.e. during the voltage pulse on the gate line
GL4, the pixel electrode PE is driven to a first pixel voltage
PV1 which also corresponds to a dark color (“B”, the same
or different dark color relative the previous frame) but has
positive polarity. The sharing electrode SSE stays at the
previous pixel voltage PPV (dark color).

[0070] Next, during the i+1’st active period Ai+1 of the
current frame, on the pulse of the signal GP2, the pixel
electrode PE and the second sharing electrode SSE become
coupled to each other. Therefore, the voltage of the pixel
electrode PE decreases due to charge sharing with the
sharing electrode SSE. The voltage of the sharing electrode
SSE increases due to charge sharing with the pixel electrode
PE. The pixel electrode PE and the sharing electrode SSE are
both now at the second pixel voltage PV2, which is below
the first pixel voltage PV1 by a first voltage difference V1.
[0071] As shown in FIG. 4A to FIG. 4C, during the i’th
active period Al, the liquid crystal capacitor Clc and the
storage capacitor Cst are charged to the first pixel voltage
PV1, for example 7V, corresponding to a dark color. The
sharing capacitor Csh maintains the pixel voltage PPV (dark
color) obtained in the previous frame period. The common
voltage Vcom of the common electrode is assumed to be OV.
[0072] Then, during the i+1’st active period Ai+l, the
liquid crystal capacitor Clc and the storage capacitor Cst
share their charge with the sharing capacitor Csh. The liquid
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crystal capacitor Clc, the storage capacitor Cst and the
sharing capacitor Csh reach the second pixel voltage PV2,
for example 6V. The first voltage difference V1 (the differ-
ence between the first and second pixel voltages PV1, PV2)
is therefore 1V.

[0073] FIG. 5 shows timing diagrams for the case when
the pixel’s color changes from light to dark in the normally
white mode. FIG. 6A to FIG. 6C are diagrams for under-
standing voltage variations of the liquid crystal capacitor,
the storage capacitor and the sharing capacitor at different
stages illustrated in FIG. 5.

[0074] In FIG. 5, immediately before the ith active period
Ai of the current frame, the pixel electrode PE and the
sharing electrode SSE are at a voltage PPV obtained in the
previous frame. The voltage PPV has negative polarity
relative to the common voltage Veom, and corresponds to a
light color (“W”). During the i’th active period Ai of the
current frame, i.e. during the voltage pulse on the gate line
GL, the pixel electrode PE is driven to a first pixel voltage
PV1 corresponding to a dark color (“B”), and the sharing
electrode SSE stays at the previous pixel voltage PPV (light
color). The first pixel voltage PV1 has positive polarity
relative to the common voltage Vcom.

[0075] Next, during the i+1’st active period Ai+1 of the
current frame, on the pulse of the signal GP2, the pixel
electrode PE and the sharing electrode SSE are coupled to
each other. Therefore, the voltage of the pixel electrode PE
decreases due to charge sharing with electrode SSE. The
voltage of the sharing electrode SSE increases due to charge
sharing with the pixel electrode PE. As a result, the pixel
electrode PE and the sharing electrode SSE are both at a
second pixel voltage PV2, which is below the first pixel
voltage PV1 by a second voltage difference V2.

[0076] As shown in FIGS. 6A to 6C, during the i’th active
period Ai the liquid crystal capacitor Clc and the storage
capacitor Cst are charged to the first pixel voltage PV1, for
example 7V, corresponding to a dark color. The sharing
capacitor Csh maintains the previous pixel voltage PPV
(light color) obtained in the previous frame period. The
common voltage Vcom of the common electrode is assumed
to be OV.

[0077] Then, during the i+1’st active period Ai+l, the
liquid crystal capacitor Clc and the storage capacitor Cst
share their charge with the sharing capacitor Csh. The liquid
crystal capacitor Cle, the storage capacitor Cst and the
sharing capacitor Csh reach the second pixel voltage PV2,
for example 6.6V. The second voltage difference V2 (the
difference between the first and second pixel voltages PV1,
PV2) is therefore 0.4V.

[0078] In the examples described immediately above,
when a pixel changes from light (W) to dark (B), the pixel
electrode’s second pixel voltage PV2 is 6.6V, and when a
pixel is dark in two consecutive frames, the pixel electrode’s
second pixel voltage PV2 is 6.0V. Thus, the absolute value
of the voltage PV2 is bigger on light-to-dark transitions,
providing a bigger voltage overshoot to compensate the
dynamic capacitance of the liquid crystal capacitor and
speed up the liquid crystal response.

[0079] As seen from the above, the pixel electrode’s
voltage PV2 is automatically taken into account the previous
frame’s voltage to increase the response speed of the liquid
crystal on greater changes of the pixel color.

[0080] FIG. 7 shows timing diagrams for the case when a
pixel’s color is light in two consecutive frames. FIGS. 8A to
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8C are diagrams for understanding voltage variations of the
liquid crystal capacitor, the storage capacitor and the sharing
capacitor at different stages illustrated in FIG. 7.

[0081] InFIG. 7, immediately before the 1’th active period
Al of the current frame, the pixel electrode PE and the
sharing electrode SSE are at a voltage PPV (light color)
obtained in the previous frame. The voltage PPV has nega-
tive polarity relative to the common voltage Vcom. During
the i’th active period Ai of the current frame, i.e. during the
voltage pulse on the gate line GLi, the pixel electrode PE is
driven to a first pixel voltage PV1 (light color), and the
sharing electrode SSE stays at the previous pixel voltage
PPV (light color). The first pixel voltage PV1 has positive
polarity relative to the common voltage Vcom.

[0082] Next, during the i+1’st active period Ai+l of the
current frame, on the pulse of the signal GP2, the pixel
electrode PE and the sharing electrode SSE are coupled to
each other. Therefore, the voltage of the pixel electrode PE
decreases due to charge sharing with the sharing electrode
SSE, and the voltage of the sharing electrode SSE increases
due to charge sharing with the pixel electrode PE. As a
result, the pixel electrode PE and the sharing electrode SSE
reach a second pixel voltage PV2, which is below the first
pixel voltage PV1 by a third voltage difference V3.

[0083] As shown in FIGS. 8A to 8C, during the i’th active
period Ai the liquid crystal capacitor Clc and the storage
capacitor Cst are charged to the first pixel voltage PV1, for
example 1.2V, corresponding to a light color. The sharing
capacitor Csh maintains the previous pixel voltage PPV
(light color) obtained during the previous frame period. The
common voltage Veom of the common electrode is assumed
to be OV.

[0084] Then, during the i+1’st active period Ai+l, the
liquid crystal capacitor Clc and the storage capacitor Cst
share their charge with the sharing capacitor Csh. The liquid
crystal capacitor Clc, the storage capacitor Cst and the
sharing capacitor Csh reach the second pixel voltage PV2,
for example 1.1V. The third voltage difference V3 (the
difference between the first and second pixel voltages PV1,
PV2) is therefore 0.1V.

[0085] FIG. 9 shows timing diagrams for the case when a
pixel’s color changes from a dark color to a light color in the
normally white mode. FIGS. 10A to 10C are diagrams for
understanding voltage variation of the liquid crystal capaci-
tor, the storage capacitor and the sharing capacitor at dif-
ferent stages illustrated in FIG. 9.

[0086] In FIG. 9, immediately before the ith active period
Ai of the current frame, the pixel electrode PE and the
second sharing electrode SSE are at a voltage PPV (dark
color) obtained in the previous frame. The voltage PPV has
negative polarity relative to the common voltage Vcom.
During the 1’th active period Ai of the current frame, i.e.
during the voltage pulse on the gate line GLi, the pixel
electrode PE is driven to a first pixel voltage PV1 (light
color), and the second sharing electrode SSE stays at the
previous pixel voltage PPV (light color). The first pixel
voltage PV1 has positive polarity relative to the common
voltage Vcom.

[0087] Next, during the i+1’st active period Ai+l of the
current frame, on the pulse of the signal GP2, the pixel
electrode PE and the second sharing electrode SSE are
coupled to each other. Therefore, the voltage of the pixel
electrode PE decreases due to charge sharing with the
sharing electrode SSE, and the voltage of the sharing elec-
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trode SSE increases due to charge sharing with the pixel
electrode PE. As a result, the pixel electrode PE and the
sharing electrode SSE are both at a second pixel voltage
PV2, which is below the first pixel voltage PV1 by a fourth
voltage difference V4.

[0088] As shown In FIGS. 10A to 10C, during the i’th
active period Ai the liquid crystal capacitor Clc and the
storage capacitor Cst are charged to the first pixel voltage
PV1 (light color), for example 1.2V. The sharing capacitor
Csh maintains the previous pixel voltage PPV (dark color)
obtained during the previous frame period. The common
voltage Vcom of the common electrode is assumed to be OV.
[0089] Then, during the i+1°st active period Ai+l, the
liquid crystal capacitor Cle and the storage capacitor Cst
share their charge with the sharing capacitor Csh. The liquid
crystal capacitor Cle, the storage capacitor Cst and the
sharing capacitor Csh reach the second pixel voltage PV2,
for example 0.5V. The fourth voltage difference V4 (the
difference between the first and second pixel voltages PV1,
PV2) is therefore 0.7V.

[0090] In these examples, when a pixel’s color is light in
two consecutive frames, the second pixel voltage PV2 of the
pixel electrode 1s 1.1V, and when a pixel changes from dark
to light, the second pixel voltage PV2 of the pixel electrode
is 0.5V. Thus, the absolute value of the voltage PV2 is
smaller on dark-to-light transitions, providing a bigger volt-
age undershoot to compensate the dynamic capacitance of
the liquid crystal capacitance and speed up the liquid crystal
response from a state corresponding to a high voltage to a
state corresponding to a low voltage.

[0091] Thus, the pixel electrode’ voltage PV2 is adjusted
based on the desired color transitions to save power and/or
increase the liquid crystal response speed.

[0092] FIGS. 3 to 10C illustrate how the liquid crystal
capacitor Clc, the storage capacitor Cst and the sharing
capacitor Csh change their voltages depending on the pixel
color in the liquid crystal display device in the normally
white mode.

[0093] Clearly, similar illustration can be obtained for the
normally black mode. The voltages of the liquid crystal
capacitor Clec, the storage capacitor Cst and the sharing
capacitor Csh will also depend on the pixel color in two
consecutive frames so as to provide an overshoot or an
undershoot when needed to improve the response speed.

[0094] FIG. 11 is a graph showing possible magnitude
values of the second pixel voltage PV2 for a number of
consecutive frames. The X axis indicates the frame number
(the frames are numbered consecutively), and the Y axis
indicates the magnitude of the second pixel voltage for a
given pixel. The magnitude of the second pixel voltage is
shown for 60 consecutive frames for different pixel colors
and color transitions. The liquid crystal display is assumed
to operate in the patterned vertical alignment (PVA) and
normally black mode, and the capacitance ratio of the liquid
crystal capacitor Clc versus storage capacitor Cst versus
sharing capacitor Csh is assumed to be 1:0.75:0.3.

[0095] As shown in FIG. 11, when the pixel color changes
from dark to light, the second pixel voltage PV2 overshoots,
and when the pixel color changes from light to dark, the
second pixel voltage undershoots. The overshoot and under-
shoot depend on the color transition to increase the response
speed of the liquid crystal when changing from light to dark
or from dark to light. The sharing capacitor provides a
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simple way to take into account the pixel electrode voltage
in the previous frame without using more complex memory
devices.

[0096] FIG. 12 is a layout view of a pixel (i,j) according
to one embodiment of this invention. FIG. 13 shows the
vertical cross section along the line I-I' shown in FIG. 12.
[0097] In FIG. 12 and FIG. 13, an array panel 100 oper-
ated in a plane to line switching (PLS) mode includes a
lower panel 110, an upper panel 120 facing the lower panel
110, and a liquid crystal layer 130 interposed between the
lower panel 110 and the upper panel 120. The lower panel
110 includes a first base substrate 111, a common electrodes
114, gate lines GL1~GLn (lines GLi, GLi+1 are shown),
data lines DL1~DLm (data line DLj is shown), first thin film
transistors T1, second thin film transistors T2, pixel elec-
trodes PE, sharing electrodes SSE and storage electrodes SE.
[0098] The common electrode 114 is arranged on the first
base substrate 111 and receives a common voltage. The
commorn electrode 114 includes A transparent conductive
material such as indium tin oxide (ITO) or indium zinc oxide
(IZ0). The common electrode 114 is covered by an insu-
lating layer 115.

[0099] Specifically, a metal layer (“gate metal™) is depos-
ited on the insulating layer 115 and patterned to form the
gate lines GL1~GLn, the first gate electrodes GE1 of the first
thin film transistors Ti, the second gate electrodes GE2 of the
second thin film transistors T2, and the storage electrodes
SE.

[0100] The gate lines GL1~GLn extend in the first direc-
tion D1 at a prescribed distance from each other. In each
pixel (i,)), the first gate electrode GE1 branches off from the
gate line GLi, and the second gate electrode GE2 branches
off from the i+1’st gate line GLi+1. The storage electrode SE
is formed between the i’th gate line GLi and the i+1’st gate
line GLi+1.

[0101] Gate dielectric film 112 is formed on the gate lines
GL1~GLn, the first gate electrodes GE1 and the second gate
electrodes GE2.

[0102] Another metal layer (“data metal™) is deposited on
the gate dielectric film 112 and patterned to provide the data
lines DL1~DLm, the first source electrodes SE1 and the first
drain electrodes DE1 of the first thin film transistors T1, the
second source electrodes SE2 and the second drain elec-
trodes DE2 of the second thin film transistors T2, and the
sharing electrodes SSE.

[0103] The data lines DL1~DLm extend in the second
direction D2. In each pixel (i,j), the first source electrode
SE1 branches off from the j’th data line DLj and overlaps
with the first gate electrode GE1. The first drain electrode
DE1 is spaced from the first source electrode SE1 and
overlaps with the first gate electrode GE1. The second drain
electrode DE2 and the second source electrode SE2 are
spaced apart by a prescribed distance.

[0104] The sharing electrode SSE forms an extension of
the second drain electrode DE2 in the data metal layer. The
sharing electrode SSE is directly above the storage electrode
SE with the gate dielectric film 112 interposed therebetween.
The sharing capacitor Csh is formed as a sandwich including
the gate dielectric film 112 interposed between the storage
electrode SE and the sharing electrode SSE. The capacitance
of the sharing capacitor Csh is defined by the area of overlap
between the sharing electrode SSE and the storage electrode
SE.
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[0105] An overcoat layer 113 is formed over the gate
dielectric film 112 to cover the data lines DL, the first source
electrodes SE1, the second source electrodes SE2, the first
drain electrodes DE1, the second drain electrodes DE2 and
the sharing electrodes SSE.

[0106] The overcoat layer 113 is patterned to form first
contact holes C1 and second contact holes C2. For each
pixel, the corresponding first contact hole C1 exposes the
pixel’s first drain electrode DE1, and the corresponding
second contact hole C2 exposes the second source electrode
SE2.

[0107] A transparent conductive material such as indium
tin oxide (ITO) or indium zinc oxide (IZO) is formed over
the overcoat layer 113 to provide the pixel electrodes PE. In
each pixel, the pixel electrode PE is coupled to the first drain
electrode DE1 through the first contact hole C1 and to the
second source electrode SE2 through the second contact
hole C2. The pixel electrode PE overlaps with the storage
electrode SE. The overcoat layer 113 and the gate dielectric
film 112 are interposed between the pixel electrode PE and
the storage electrode SE. The storage capacitor Cst is
defined by the pixel electrode PE, the overcoat layer 113, the
gate dielectric film 112 and the storage electrode SE. Also,
openings OP1 are provided through the pixel electrode PE to
expose the overcoat layer 113, the pixel electrode PE faces
to the common electrode 114 arranged on the first base
substrate 111. Therefore, in each pixel, the liquid crystal
capacitor (not shown) is defined by the common electrode
114, the liquid crystal layer 130 and the pixel electrode PE.
[0108] The upper panel 120 includes a second base sub-
strate 121, and a color filter layer 122. The color filter layer
122 is arranged on the second base substrate 121. The color
filter layer 122 includes red, green and blue pigments.
[0109] In embodiments illustrated in FIGS. 14 to 20, the
sharing electrodes SSE and the pixel electrodes PE are made
of the same metal layer. FIG. 14 is a layout view of a pixel
(i) according to this embodiment, and FIG. 15 shows the
vertical cross section along the line II-IT' shown in FIG. 14.
FIG. 16 is a circuit diagram of the pixel (i,j). In FIGS. 14 to
16, a first sharing capacitor Cshl is formed using the liquid
crystal layer, and a second sharing capacitor Csh2 is formed
using another insulator. Lower panel 110 includes first base
substrate 111, gate lines GL1~GLn, data lines DL1~DLm,
first thin film transistors T1, second thin film transistors T2,
pixel electrodes PE, sharing electrodes SSE and storage
electrodes SE.

[0110] A gate metal layer is deposited on the first base
substrate 111 and patterned to provide gate lines GL1~GLn,
first gate electrodes GFE1 of the first thin film transistors T1,
second gate electrodes GE2 of the second thin film transis-
tors T2, and the storage electrodes SE.

[0111] In each pixel (ij), the first gate electrode GE1
branches off from the i'th gate line GL1i, and the second gate
electrode GE2 branches off from the i+1°st gate line GLi+1.
The storage electrode SE is formed between the i’th gate line
GLi and the i+1°st gate line GLi+1.

[0112] Gate dielectric film 112 covers the gate lines
GL1~GLn, the first gate electrodes GE1 and the second gate
electrodes GE2. A data metal layer is deposited on the gate
dielectric film 112 and patterned to form data lines
DL1~DLm, first source electrodes SE1 and first drain elec-
trodes DE1 of the first thin film transistors T1, second source
and drain electrode SE2, DE2 of the second thin film
transistors T2, and sharing electrodes SSE.

Mar. 13,2008

[0113] In each pixel (i ), the first source electrode SE1
branches off from the j’th data line DL} and overlaps with
the first gate electrode GE1. The first drain electrode DE1 is
spaced from the first source electrode SE1 and also overlaps
the first gate electrode GE1. The second drain electrode DE2
and the second source electrode SE1 are separated by a
region having prescribed dimensions and overlying the
second gate electrode GE2.

[0114] An overcoat layer 113 is provided to cover the data
lines DL1~DLm, the first source electrodes SE1, the second
source electrodes SE2, the first drain electrodes DE1, the
second drain electrodes DE2 and the sharing electrodes SSE.
These electrodes overlie the gate dielectric film 112.

[0115] The overcoat layer 113 is patterned to form first
contact holes C1 exposing the respective first drain elec-
trodes DE1, second contact holes C2 exposing the respective
second source electrodes SE2, and third contact holes C3
exposing the respective second drain electrodes SE2.

[0116] Pixel electrodes PE are formed of a transparent
conductive material over the overcoat layer 113. Each pixel
electrode PE is coupled to the corresponding first drain
electrode DE1 through the corresponding first contact hole
C1 and to the corresponding second source electrode SE2
through the corresponding second contact hole C2.

[0117] The sharing electrodes SSE are formed over the
overcoat 113 from the same layer as the pixel electrodes PE
and are coupled to the respective second drain electrodes
DE2 through the respective third contact holes C3 made in
the overcoat layer 113.

[0118] The sharing electrodes SSE underlie the upper
panel 120, and in each pixel the first sharing capacitor Cshl
is formed by the sharing electrode SSE, the common elec-
trode 123 and the liquid crystal layer therebetween. Also, the
sharing electrode SSE of each pixel partially overlaps with
the corresponding storage electrode SE. Accordingly, in
each pixel, the second sharing capacitor Csh2 is formed by
the sharing electrode SSE, the storage electrode SE, and the
intervening portions of the gate dielectric layer 112 and the
overcoat layer 113.

[0119] Thus, the second thin film transistor T2 can be
coupled to the first and second sharing capacitors Cshl,
Csh2 by forming the sharing electrode SSE of the same layer
as the pixel electrode PE and by overlapping the sharing
electrode SSE with the sharing electrode SE.

[0120] FIGS. 17 to 19 illustrate an embodiment in which
the sharing capacitor Csh is formed using only the liquid
crystal layer as dielectric. FIG. 17 is a layout drawing of a
pixel (i,j). FIG. 18 shows the vertical cross section along the
line II-1I" of FIG. 17. FIG. 19 is a circuit diagram of the pixel
(i)-

[0121] Referring to FIG. 17 to FIG. 19, the sharing elec-
trode SSE of each pixel is formed over overcoat layer 113
from the same layer as the pixel electrodes PE and is coupled
to the corresponding second drain electrode DE2 of the
second thin film transistor T2 through a respective third
contact hole C3 in the overcoat layer 113.

[0122] The sharing electrodes SSE underlie the upper
panel 120, and each first sharing capacitor Csh is defined by
the corresponding sharing electrode SSE, the common elec-
trode 123 and the intervening portion of the liquid crystal
layer.
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[0123] The sharing electrode SSE is not overlapped with
the storage electrode SE as in FIG. 15. Thus, the sharing
capacitor Csh can be formed by using the liquid crystal layer
as dielectric.

[0124] The sharing capacitor structures of FIGS. 14-19 are
suitable for different types of liquid crystal displays includ-
ing, for example, TN (Twist Nematic) displays. The sharing
capacitors of FIGS. 14-19 can also be used in PLS (Plane to
Line Switching) displays described in U.S. Pat. No. 6,577,
368 which is incorporated herein by reference. However, it
is believed that the sharing capacitor structure of FIGS.
17-19 (with a single sharing capacitor) may be more appro-
priate for the PLS displays that includes the storage capaci-
tor Cs having a capacitance greater than that of the liquid
crystal capacitor Clc.

[0125] The sharing capacitor structures of FIGS. 14-19 are
also appropriate for IPS (In Plan Switching), DFS (Field
Switching), PVA (Patterned Vertical Alignment), SPVA (Su-
per Patterned Vertical Alignment), MVA (multi-domain ver-
tical alignment), and possibly other types of liquid crystal
displays.

[0126] FIG. 20 is a layout drawing of a pixel (i) of a
liquid crystal display of type PVA (Patterned Vertical Align-
ment) with a sharing capacitor Csh. The pixel’s vertical
cross section is similar to the one of FIG. 18. Referring to
FIG. 18 and FIG. 20, a gate metal layer is formed over the
first base substrate 111 of the array panel to provide gate
lines GL1~GLn, first gate electrodes GE1 of the first thin
film transistors T1, second gate electrodes GE2 of the
second thin film transistors T2, and storage electrodes SE.

[0127] Then a gate dielectric film 112 is formed to cover
the gate lines GL1-GLn, the first gate electrodes GE1 and
the second gate electrodes GE2.

[0128] A data metal layer is formed on the gate dielectric
film 112 to provide data lines DL.1-DLm, first source elec-
trodes SE1 and first drain electrodes DE1 of the first thin
film transistors T1, second source electrodes SE2 and second
drain electrodes DE2 of the second thin film transistors T2,
and sharing electrodes SSE. In each pixel, the sharing
electrode SSE branches off from the second drain electrode
DE2 and overlies the storage electrode SE. The sharing
electrode SSE, the second drain electrode DE2 and the gate
dielectric 112 therebetween provide the sharing capacitor
Csh.

[0129] Overcoat layer 113 is provided to cover the data
lines DL1-DLm, the first source electrodes SE1, the second
source electrodes SE2, the first drain electrodes DEL, the
second drain electrodes DE2 and the sharing electrodes SSE.
[0130] The overcoat layer 113 is patterned to form, for
each pixel, a first contact hole C1 exposing the first drain
electrode DE1, and a second contact hole C2 exposing the
second source electrode SE2.

[0131] Pixel electrodes PE are formed on the overcoat
layer 113 of a transparent conductive material. In each pixel,
the pixel electrode PE is coupled to the first drain electrode
DE1 through the first contact hole C1 and to the second
source electrode SE2 through the second contact hole C2.

[0132] Each pixel electrode PE includes a first opening
pattern 114 exposing the overcoat layer 113.

[0133] A color filter layer 112 and a common electrode
123 are sequentially formed on the second base substrate of
the upper panel. The common electrode 123 will overlie the
pixel electrodes PE, with the liquid crystal layer therebe-
tween. The common electrode 123 is patterned to provide
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second opening patterns 123a in the common electrode. In
each pixel, the first opening pattern 114 is positioned gen-
erally in the middle of a figure formed by two adjacent
second opening patterns 123a.

[0134] As a result, each pixel (i,j) is divided into several
domains. Each domain corresponds to an orientation of the
liquid crystal molecules in the presence of an electric field.
Eight domains are provided in some embodiments. By
providing many different orientations for each pixel, the
visibility is made more independent of the viewing angle
due to compensation effect. Consequently, the viewing angle
is enlarged.

[0135] Thus in some embodiments a liquid crystal device
with an array panel is provided such that at the start of a
current frame, the sharing capacitor is at a voltage obtained
in the previous frame, and when the pixel has been charged
with a new voltage corresponding to the current frame, the
sharing capacitor serves to decrease the pixel voltage mag-
nitude by a value depending on the difference between the
new voltage and the previous voltage of the pixel. While a
gray changes from a low gray to high gray, an over-shoot
happens, and while a gray changes from a high gray to low
gray, an under-shoot happens. So, a response speed of liquid
crystal can be increased.

[0136] In the prior art, a memory device and a compen-
sation circuit are required in order to charge previous voltage
and to compensate current voltage based on the previous
voltage. This invention does not require those devices and
circuits so that is the size of liquid crystal device can be
minimized. Although the present invention has been
described by way of exemplary embodiments, it should be
understood that many changes and substitutions may be
made by those skilled in the art without departing from the
scope of the present invention. The invention is defined by
the appended claims

What is claimed is:

1. An array panel comprising;

a lower substrate;

an upper substrate;

a first gate line receiving a first gate pulse, the first gate
line being arranged on the lower substrate;

a second gate line receiving a second gate pulse, the
second gate line being arranged on the lower substrate;

a data line receiving a data voltage, the data line being
arranged on the lower substrate;

a liquid crystal capacitor comprising:

a pixel electrode;

a common electrode: and

a liquid crystal layer interposed between the pixel elec-
trode and the common electrode;

a sharing capacitor comprising:

a first sharing electrode;

a second sharing electrode: and

a first insulating layer interposed between the first sharing
electrode and the second sharing electrode;

a first switching element coupled to the first gate line, the
data line, and the liquid crystal capacitor to provide the
data voltage to the pixel electrode in response to the
first gate pulse; and a second switching element
coupled to the second gate line, the liquid crystal
capacitor and the sharing capacitor to convert the data
voltage of the pixel electrode into a compensated data
voltage in response to the second gate pulse,
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wherein the data voltage and the capacitance of the
sharing capacitor are determined by the dynamic
capacitance of the liquid crystal capacitor.

2. The array panel according to claim 1, wherein the first
sharing electrode is formed from the same layer as the data
line or the pixel electrode, and the second sharing electrode
is formed from the same layer as the gate line or the data
line.

3. The array panel according to claim 1, wherein the first
sharing electrode is formed from the same layer as the data
line or the pixel electrode, and

wherein the the second sharing electrode is formed on the

upper substrate.
4. The array panel according to claim 1, wherein the
sharing capacitor further comprises a third sharing electrode
and a second insulating layer interposed between the first
sharing electrode and the third sharing electrode,
the first sharing electrode and the second sharing elec-
trode are formed on the lower substrate and the third
sharing electrode is formed on the upper substrate, and

the first sharing electrode and the second sharing elec-
trode are partially overlapped each other.

5. The array panel according to claim 1, further compris-
ing a storage capacitor connected to the liquid crystal
capacitor,
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wherein the capacitance ratio of the liquid crystal capaci-
tor, the storage capacitor, and the sharing capacitor is
about 1:0.75:03 in a patterned vertical alignment
(PVA) mode.

6. A method for operating an array panel comprising a
liquid ecrystal capacitor and sharing capacitor, the method
comprising:

charging the liquid crystal capacitor by a data voltage in

response to a first gate pulse; and

mixing the charge of the liquid crystal capacitor with the
charge of the sharing capacitor in response to a second
gate pulse,
wherein the data voltage and the capacitance of the
sharing capacitor are determined by the dynamic
capacitance of the liquid crystal capacitor, and the
sharing capacitor is isolated from the liquid crystal
capacitor for the charging time of the liquid crystal
capacitor.
7. The method of according to claim 6, wherein the
polarity of the data voltage is changed at every one frame.
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