US 20090153759A1

12) Patent Application Publication (o) Pub. No.: US 2009/0153759 A1

a9y United States

UM et al,

(43) Pub, Date: Jun, 18, 2009

(54) DISPLAY PANEL AND LIQUID CRYSTAL (30) Foreign Application Priority Data
DISPLAY INCLUDING THE SAME
Dec. 12,2007  (KR) ccevovveirenne 10-2007-0129218
(75) Inventors: Yoon-Sung UM, Yongin-si (KR); Publication Classification
Hoon KIM, Ansan-si (KR); (31) Int.CL
Hye-Ran YOO, Yongin-si (KR); GO2F 1/136 (2006.01)
Jae-Jin LYU, Yongin-si (KR); (52) US.Cl ottt 349/39
Seung-Beom PARK, Seoul (KR) (57) ABSTRACT
] The present invention relates to a display panel and a liquid
Correspondence Address: crystal display including the same. The display panel includes
H.C. PARK & ASSOCIATES, PLC a pixel electrode, which includes a first subpixel electrode, a
8500 LEESBURG PIKE, SUITE 7500 second subpixel electrode, and a third subpixel electrode
VIENNA, VA 22182 (US) insulated from each other, a first thin film transistor connected
to the first subpixel electrode, a second thin film transistor
. connected to the second subpixel electrode, a third thin film
(73)  Assignee: SAMSUNG ELECTRONICS transistor connected to the third subpixel electrode, a gate line
CO., LTD., Suwon-si (KR) connected to the first, second, and third thin film transistors, a
data line connected to the first, second, and third thin film
(21) Appl. No.: 12/239.928 transistors, and a voltage differentiating member to change
T ’ voltages of the first, second, and third subpixel electrodes, the
voltages of the first, second, and third subpixel electrodes
(22) Filed: Sep. 29, 2008 being different from each other.
6/00 Gray voltage | _gqg
generator
é—*—’ CONT3 500
i CONT? : Z
DE— CS|gna:: DAT Data driver
Hsync 4| Lontroller CONTS
Vsyng ——= ﬂVd
MCLK —— o - -
| |
1= ]
|
| |
| |
Voff— = [BX]
Von —f v | | \\//stzti), &
| | " orage
Gate EN AL
driver |:> [BX] |PX PX| |PX }<:I elecltrode
! ! driver
l l
| |
C(BX][BX PX] [BX| |
| |
|
= B B [BX]
S r I i (
400 300 700



US 2009/0153759 A1

Jun. 18,2009 Sheet1 of 13

Patent Application Publication

00L 008 oA 00
w Y S | i N
| [xa] [xa xd] [xd] !
| [
| [xa] [xa xd| [xd] !
o m
J9ALIp L |
9p0.109|9 _H__V_ Yd| |1Xd va| [x3 _n”_ JaALIP
ages01g [ JISA _ BEN %189
‘B)sp | | < UOA
| [Xd]| [Xd Xd| [Xd] | < 40A
" |
| [— — pu— —
' [xd] [Xd Xd| [xd] ! <
T AT T T T T - <—— Y10
_O>Q . e—— QUASA
I LNOD | ssj0u09 < QUASH
J9AUIp ele( 1va eusie 34
. [BUsS e g
- ¢INOD 5
008 €LNOD e M
A0leJauad >
008~ ageyjon Aeun 009
['DId4



Patent Application Publication  Jun. 18,2009 Sheet 2 of 13 US 2009/0153759 A1

FIG.2

Cleh == Cloc ==

Clea =

PEa PEb PEc
. _

—

PE



US 2009/0153759 A1

PXc

PX

FIG.3

Jun. 18,2009 Sheet 3 of 13

PXa PXb
I RS R, N

_|!||||||||||||||_|_ ||||||||| 1
i !
5 |
[ _
.E__ _
S _
g [ _
8d 1 _
= g _
o _
r--——-"41--—-—— "~ "1 !
[ 1 _
P [ _
W [ _
< | _
[ | _
el || _
3 I _
g [ I !
CA 11 (. [
= 3 | _
() | _
N H |
| (. [
a: I I _
o [ [ _
= C__ | I _
Q (I [ _
WA < || || |
= = \S)
S < NirciEN<1I
S H-—3H-—3¢
||||||||||||||||| |_ Flﬁl_ Flﬂl_

DL

Patent Application Publication

GL



Patent Application Publication  Jun. 18,2009 Sheet 4 of 13 US 2009/0153759 A1

2V FIG.4
N
179~
8 x|
N N
— b
X il
H 185¢
131a< ' —
11 187d—HH X <1374 I
187N\ ~137F [ r—191¢
. A —
187 || 1e T
= : 191
185a—H] @ @;1 g
137a| | 137b
171 | 1g7e 1910
137¢ v/ WL 1376
i
187¢~| | J ML— T~{—185b
. — 1242
124{124b
124c
1542
1] - 154{154b
| 154¢
129— 173a
v 173{173b
I 173¢




Patent Application Publication  Jun. 18,2009 Sheet 5 of 13 US 2009/0153759 A1

[a] o
N O S ™
[aN] oD —
RK ™~ BV _\2
'.9 -
_/ —
® —
1]
—| |\ {5
—
/ )
.
\’
Q0
R => NI o N
o~ O —
Lr) ——
00 T o
~— [~ .
y— — ]
o= =~ =t )
wo——1TTr—11
(|
1 o]
L -5
£O L —
5/\_, “—
- T
&
F -
o
o NS o e
E’\‘—_" p—
o
_— T T —
P~ O
- (Fp]
(<o
o
~N—H—— L —] b
N

154b 124b

1GCb 17)3b 175b
[
| — I
/
I\
|
/



Patent Application Publication  Jun. 18,2009 Sheet 6 of 13 US 2009/0153759 A1

FIG.6

l\ | ’\ g \ \)\) \\ f\ ’\ (\
/ ] ] ] / A ]
180 110 129 140 180 180 110 179 140 180



Patent Application Publication  Jun. 18,2009 Sheet 7 of 13 US 2009/0153759 A1

FIG.7

—~15a
952

~—T74a

L — ———Clb

—T13b

T4b
~—03b

~ T3b




US 2009/0153759 A1

Jun. 18,2009 Sheet 8 of 13

Patent Application Publication

FIG.8

1 frame

Voff




US 2009/0153759 A1

PX
PXb

FI1G.9

Jun. 18,2009 Sheet 9 of 13

PXa

|1
Sil
3
| mA |1
| S 11
_ = S
ol S
|
e |
=11/
| = [
| < (]
I I I
| .m__ [
- ) |
_ 8« ;i I
| = 3 X
tr40——--— - = [
[ e 1 (I
[ a: [ [
_ £ I I
\/\__ s « __ __
_ WwA|_a_‘ __ __
| % [ (|
I © ___% __AW
| e L
I U I _ _I|ﬁl_ _Ilﬁ

DL

Patent Application Publication

GL



Patent Application Publication  Jun. 18,2009 Sheet 100f13  US 2009/0153759 A1

FIG.10
182
179f\{_E%i}-~82 [_%if}

131a< > H

Fi

187F - \/| ~137f [ r—191b

i 191a

: ) - 191
w RS [ |

7

r
1< { 187 1191
137c (/ N L1376
/AN
187c—H1T ﬂ‘}Egﬂ UE;P"“~\L/1850
- 1243
al 124{124b
124c
{154a
U 154{ 154
181~ 154c
129~} 732
1734 173b
173




US 2009/0153759 A1

Jun. 18,2009 Sheet 11 of 13

Patent Application Publication

FIG.11

1 frame

Voff

Vpb?2




Patent Application Publication  Jun. 18,2009 Sheet 12 0f13  US 2009/0153759 A1

FIG.12A

100

80 -

60
Transmittance
40

20

Gray

100

80

60

Transmittance
40

20

Gray



Patent Application Publication  Jun. 18,2009 Sheet 130f13  US 2009/0153759 A1

FIG.12C

100

80

60
Transmittance

40

20

Gray

FIG.12D

100

80

60

Transmittance

40

20

Gray



US 2009/0153759 A1l

DISPLAY PANEL AND LIQUID CRYSTAL
DISPLAY INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2007-0129218, filed on
Dec. 12,2007, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display panel and
a liquid crystal display including the same.

[0004] 2. Discussion of the Background

[0005] Liquid crystal displays are one of the most widely
used types of flat panel displays. Liquid crystal displays
include two panels on which electric field generating elec-
trodes, such as pixel electrodes and a common electrode, are
disposed, and a liquid crystal layer disposed between the
panels. A voltage is applied to the electric field generating
electrodes to generate an electric field in the liquid crystal
layer, determine the alignment of liquid crystal molecules of
the liquid crystal layer, and control the polarization of input
light to display an image.

[0006] Liquid crystal displays further include a switching
element connected to each pixel electrode, and a plurality of
signal lines, such as gate lines or data lines, to apply a voltage
to a pixel electrode under the control of the switching ele-
ment.

[0007] Liquid crystal displays include vertical alignment
(VA) mode liquid crystal displays and patterned vertically
aligned (PVA) mode liquid crystal displays. In VA mode
liquid crystal displays, a longitudinal axis of a liquid crystal
molecule is perpendicular to upper and lower panels in the
absence of an electric field, and thus a contrast ratio is large
and a reference viewing angle is wide. The reference viewing
angle is defined as a viewing angle making a contrast ratio
equalto 1:10 or as a limit angle for the inversion in luminance
between grays.

[0008] VA mode liquid crystal displays divide one pixel
into two subpixels and apply different voltages to the subpix-
els so that transmittance is changed and side visibility is
improved to be close to front visibility.

SUMMARY OF THE INVENTION

[0009] The present invention provides a liquid crystal dis-
play that may have side visibility that is comparable to the
front visibility and may provide natural images when viewed
from the side.

[0010] Additional features of the invention will be set forth
in the description which follows, and in part will be apparent
from the description, or may be learned by practice of the
invention.

[0011] The present invention discloses a display panel
including a pixel electrode, which includes a first subpixel
electrode, a second subpixel electrode, and a third subpixel
electrode that are insulated from each other, a first thin film
transistor connected to the first subpixel electrode, a second
thin film transistor connected to the second subpixel elec-
trode, a third thin film transistor connected to the third sub-
pixel electrode, a gate line connected to the first, second, and
third thin film transistors, a data line connected to the first,
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second, and third thin film transistors, and a voltage differen-
tiating member to change the voltages of the first, second, and
third subpixel electrodes to be different from each other.
[0012] The present invention also discloses a liquid crystal
display including a gate line, a data line crossing the gate line,
first and second storage electrode lines, and a pixel connected
to the gate line and the data line. The pixel includes a first
liquid crystal capacitor including a first subpixel electrode, a
second liquid crystal capacitor including a second subpixel
electrode, a third liquid crystal capacitor including the third
subpixel electrode, a first storage capacitor coupled in parallel
to the first liquid crystal capacitor and connected to the first
storage electrode line, a second storage capacitor coupled in
parallel to the second liquid crystal capacitor and connected
to the first and second storage electrode lines, and a third
storage capacitor coupled in parallel to the third liquid crystal
capacitor and connected to the first and second storage elec-
trode lines. The first and second storage electrode lines
receive storage electrode signals with opposite phases from
each other, and the charging voltages of the first, second, and
third liquid crystal capacitors are different from each other.
[0013] The present invention also discloses a liquid crystal
display including a gate line, a data line crossing the gate line,
first and second storage electrode lines, and a pixel connected
to the gate line and the data line. The pixel includes a first
liquid crystal capacitor including a first subpixel electrode, a
second liquid crystal capacitor including a second subpixel
electrode, a third liquid crystal capacitor including a third
subpixel electrode, a first storage capacitor coupled in parallel
to the first liquid crystal capacitor and connected to the first
storage electrode line, a second storage capacitor coupled in
parallel to the second liquid crystal capacitor and connected
to the first and second storage electrode lines, and a third
storage capacitor coupled in parallel to the third liquid crystal
capacitor and connected to the second storage electrode line,
wherein the first and second storage electrode lines receive
storage electrode signals with opposite phases from each
other, and the charging voltages of the first, second, and third
liquid crystal capacitors are different from each other.
[0014] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.
[0016] FIG. 11s a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0017] FIG. 2 is an equivalent circuit diagram of three
subpixels of the liquid crystal display according to an exem-
plary embodiment of the present invention.

[0018] FIG. 3 is an equivalent circuit diagram of one pixel
of the liquid crystal display according to an exemplary
embodiment of the present invention.

[0019] FIG. 4 is a layout view of a liquid crystal panel
assembly according to an exemplary embodiment of the
present invention.
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[0020] FIG. 5 and FIG. 6 are cross-sectional views of the
liquid crystal panel assembly shown in FIG. 4 taken along
lines V-V and VI-VT, respectively.

[0021] FIG. 7 is a layout view of one example of a pixel
electrode applicable to the liquid crystal panel assembly
shown in FIG. 4.

[0022] FIG. 8 is a waveform diagram showing the driving
voltage of the liquid crystal display according to an exem-
plary embodiment of the present invention.

[0023] FIG.9 is an equivalent circuit diagram of one pixel
of aliquid crystal panel assembly according to another exem-
plary embodiment of the present invention.

[0024] FIG. 10 is a layout view of the liquid crystal panel
assembly according to another exemplary embodiment of the
present invention.

[0025] FIG. 11 is a waveform diagram showing the driving
voltage of the liquid crystal display according to another
exemplary embodiment of the present invention.

[0026] FIG. 12A is a graph showing gamma curves of the
front and the side of the liquid crystal display according to the
conventional art.

[0027] FIG.12B, FIG.12C, and FIG. 12D are graphs show-
ing gamma curves of the front and the side of the liquid crystal
display according to various exemplary embodiments of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0028] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention may,
however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure is thorough, and will fully convey the scope ofthe inven-
tion to those skilled in the art. In the drawings, the size and
relative sizes of layers and regions may be exaggerated for
clarity. Like reference numerals in the drawings denote like
elements.

[0029] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, it can be directly on or directly connected to the other
element or layer, or intervening elements or layers may be
present. In contrast, when an element is referred to as being
“directly on” or “directly connected to” another element or
layer, there are no intervening elements or layers present.
[0030] A liquid crystal display according to an exemplary
embodiment of the present invention will be described in
detail below with reference to the drawings.

[0031] FIG.11is ablock diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion, FIG. 2 is an equivalent circuit diagram of three subpixels
of the liquid crystal display according to an exemplary
embodiment of the present invention, and FIG. 3 is an equiva-
lent circuit diagram of one pixel of the liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0032] As shown in FIG. 1, a liquid crystal display accord-
ing to an exemplary embodiment of the present invention
includes a liquid crystal panel assembly 300, a gate driver
400, a data driver 500, a storage electrode driver 700, a gray
voltage generator 800, and a signal controller 600.

[0033] As viewed in an equivalent circuit, the liquid crystal
panel assembly 300 includes a plurality of signal lines GL,

Jun. 18, 2009

DL, SLa, and SLb, and a plurality of pixels PX connected to
the signal lines GL, DL, SLa, and SLb and disposed in a
matrix form. In a structure shown in FIG. 2, the liquid crystal
panel assembly 300 includes lower and upper panels 100 and
200 that face each other, and a liquid crystal layer 3 that is
disposed between the panels 100 and 200.

[0034] The signal lines include a plurality of gate lines GL
to transmit gate signals (also referred to as “scanning sig-
nals”), a plurality of data lines DL to transmit data signals,
and a plurality of pairs of first and second storage electrode
lines SLa and SLb, as shown in FIG. 3, to transmit storage
electrode signals Vsta and Vstb, respectively. The first and the
second storage electrode lines SLa and SLb are respectively
applied with the first and the second storage electrode signals
Vsta and Vstb having opposite phases from each other. The
gate lines GL and the first and second storage electrode lines
SLa and SLb extend in a row direction to be parallel to each
other, and the data lines DL extend in a column direction to be
parallel to each other.

[0035] The liquid crystal panel assembly according to the
present exemplary embodiment includes a plurality of signal
lines GL, DL, SLa, and SLb and a plurality of pixels PX
connected thereto.

[0036] Each pixel PX includes three subpixels, that is, first,
second, and third subpixels PXa, PXb, and PXc, and the first,
second, and third subpixels PXa, PXb, and PXc include first,
second, and third switching elements Qa, Qb, and Qc and the
first, second, and third liquid crystal capacitors Clca, Clcb,
and Clcc.

[0037] The first, second, and third switching elements Qa,
Qb, and Qc are each a three terminal element, such as a thin
film transistor, provided on the lower panel 100, a control
terminal thereof is connected to the gate line GL, an input
terminal thereof is connected to the data line DL, and an
output terminal thereof is connected to the liquid crystal
capacitors Clca, Clcb, and Clec and the storage capacitors
Csta, Cstb (1.e., Cstm and Cstn), and Cste (i.e., Cstr and Csts).
[0038] The liquid crystal capacitors Clca, Clcb, and Clce
are connected to the switching elements Qa, Qb, and Qc and
have two terminals of subpixel electrodes PEa, PEb, and PEc
of the lower panel 100 and a common electrode 270 of the
upper panel 200. The liquid crystal layer 3 between the sub-
pixel electrodes PEa, PEb, and PEc and the common elec-
trode 270 serves as a dielectric material. The three subpixel
electrodes PEa, PEb, and PEc are spaced from each other and
make up one pixel electrode PE. The common electrode 270
is disposed on the whole surface of the upper panel 200 and
receives the common voltage Vcom. The liquid crystal layer
3 may have negative dielectric anisotropy. The liquid crystal
molecules of the liquid crystal layer 3 are arranged such that
a longitudinal axis of the liquid crystal molecules is perpen-
dicular to the surfaces of the two panels in the absence of an
electric field.

[0039] The first subpixel PXa further includes a first stor-
age capacitor Csta connected to the first switching element
Qa and a first storage electrode line SLa, and the first storage
capacitor Csta is formed by overlapping the first storage
electrode line SLa of the lower panel 100 and the first subpixel
electrode PEa with an insulator therebetween.

[0040] The second subpixel PXb includes second and third
storage capacitors Cstm and Cstn. The second storage capaci-
tor Cstmis connected to the second switching element Qb and
the first storage electrode line SLa, and is formed by overlap-
ping the first storage electrode line SLa and the second sub-
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pixel electrode PEb with an insulator therebetween. The third
storage capacitor Cstn is connected to the second switching
element Qb and the second storage electrode line SLb, and is
formed by overlapping the second storage electrode line SLb
and the second subpixel electrode PEb with an insulator ther-
ebetween.

[0041] The third subpixel PXc includes fourth and fifth
storage capacitors Cstr and Csts. The fourth storage capacitor
Cstr is formed by overlapping the first storage electrode line
SLa and the third subpixel electrode PEc with an insulator
therebetween, and the fifth storage capacitor Csts is formed
by overlapping the second storage electrode line SLb and the
third subpixel electrode PEc with an insulator therebetween.

[0042] The capacitance of the second storage capacitor
Cstm s less than that of the third storage capacitor Cstn. Also,
the capacitance of the fourth storage capacitor Cstr is the
same as the capacitance of the fifth storage capacitor Csts.
Here, the capacitances may be determined by the distances
between the subpixel electrodes PXa, PXb, and PXc and the
first or second storage electrode line SLa or SLb, the overlap-
ping areas, and the dielectric ratio of the insulator. The dielec-
tric ratio of the insulator is uniform such that the distances
between the subpixel electrodes PXa, PXb, and PXc¢ and the
first or second storage electrode line SLa or SLb and the
overlapping areas are mainly controlled to control the capaci-
tances of the second, third, fourth, and fifth storage capacitors
Cstm, Cstn, Cstr, and Csts.

[0043] In order to display a color in the liquid crystal dis-
play, each pixel may essentially represent any one of the
primary colors (spatial division), or may represent any one of
the primary colors in turn (temporal division) according to a
passage of time, such that the desired color is recognized by
a spatial or temporal sum of the primary colors. The primary
colors may be, for example, three primary colors such as ared
color, a green color, and a blue color. FIG. 2 shows an
example of the spatial division in which each pixel PX
includes a color filter 230 representing one of the primary
colors in an area of the upper panel 200 facing a pixel elec-
trode 191. Alternatively, unlike in FIG. 2, the color filter 230
may be provided on or under the subpixel electrodes PEa,
PEb, and PEc on the lower panel 100.

[0044] Atleast one polarizer (not shown) to polarize light is
attached on the outer side of the liquid crystal panel assembly
300, and the polarization axis of two polarizers may be
crossed. Inthe case of areflective liquid crystal display, one of
two polarizers 12 and 22 may be omitted. The crossed polar-
izers block light that is incident into the liquid crystal layer 3
in the absence of an electric field.

[0045] Returning again to FIG. 1, the gray voltage genera-
tor 800 generates two sets of gray voltages related to trans-
mittance of the pixel PX (or sets of reference gray voltages).

[0046] The gate driver 400 is connected to the gate lines GL.
of the liquid crystal panel assembly 300, and applies the gate
signals Vg, which are combinations of a gate-on voltage Von
and a gate-off voltage Voff, to the gate lines GL.

[0047] The data driver 500 is connected to the data lines DL
of the liquid crystal panel assembly 300. The data driver 500
selects the gray voltages from the gray voltage generator 8§00,
and applies the selected gray voltages as data signals to the
data lines DL. However, when the gray voltage generator 800
supplies a specific number of reference gray voltages, rather
than the voltages for all gray levels, the data driver 500 divides
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the reference gray voltages so as to generate the gray voltages
for all gray levels and selects the data signals from the divided
gray voltages.

[0048] The storage electrode driver 700 is connected to the
first and second storage electrode lines SLa and SLb of the
liquid crystal panel assembly 300, and applies a pair of stor-
age electrode signals Vsta and Vstb, which have opposite
phases from each other, to the first and second storage elec-
trode lines SLa and SLb, respectively. The storage electrode
driver 700 may be provided as one chip along with the gate
driver 400.

[0049] The signal controller 600 controls the gate driver
400, the data driver 500, the storage electrode driver 700, and
the like.

[0050] Each driving device 400, 500, 600, 700, and 800
may be directly mounted on the liquid crystal panel assembly
300 in the form of at least one IC chip, or may be mounted on
a flexible printed circuit film (not shown) and attached to the
liquid crystal panel assembly 300 in the form of a TCP (tape
carrier package). Further, the driving devices 400, 500, 600,
700, and 800 may be mounted on a separate printed circuit
board (not shown). Alternatively, the driving devices 400,
500, 600, 700, and 800 may be integrated into the liquid
crystal panel assembly 300. Further, the driving devices 400,
500, 600,700, and 800 may be integrated into a single chip. In
this case, at least one driving device 400, 500, 600, 700, and
800 or at least one circuit element of a driving device 400,
500, 600, 700, and 800 may be provided outside the single
chip.

[0051] Now, the liquid crystal panel assembly according to
an exemplary embodiment of the present invention will be
described in detail with reference to FIG. 4, FIG. 5, FIG. 6,
and FIG. 7.

[0052] FIG. 4 is a layout view of a liquid crystal panel
assembly according to an exemplary embodiment of the
presentinvention, FIG. 5 and FIG. 6 are cross-sectional views
of the liquid crystal panel assembly shown in FIG. 4 taken
along lines V-V and VI-V1, respectively, and FIG. 7 is a layout
view of one example of a pixel electrode that is applicable to
the liquid crystal panel assembly shown in FIG. 4.

[0053] Referring to FIG. 4, FIG. 5, and FIG. 6, a liquid
crystal display according to an exemplary embodiment of the
present invention includes a lower panel 100 and an upper
panel 200 facing each other, a liquid crystal layer 3 disposed
between two display panels 100 and 200, and a pair of polar-
izers 12 and 22 attached to the outside surfaces of the display
panels 100 and 200, respectively.

[0054] Firstly, the lower panel 100 is described.

[0055] A plurality of gate lines 121 and a plurality of first
and second storage electrode lines 131a and 1315 are dis-
posed on an insulation substrate 110.

[0056] The gate lines 121 transmit gate signals, and extend
in a horizontal direction. Each gate line 121 has a plurality of
gate electrode portions 124 that protrude upward and down-
ward, and a wide end 129 for connection with other layers and
external driving circuits. Each gate electrode portion 124
includes the first, second, and third gate electrodes 124aq,
1245, and 124c.

[0057] The first storage electrode line 1314 receives a volt-
age, and includes a stem line almost parallel to the gate lines
121, a plurality of branch lines extended from the stem line,
and a plurality of first, second, third, and fourth storage elec-
trodes 137a, 1375, 137¢, and 1374. The second storage elec-
trode line 1315 is applied with a period voltage having an
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opposite phase to the voltage applied to the first storage
electrode line 131a, and includes a stem line parallel to the
gate line 121, a plurality of branch lines extended from the
stem line, and a plurality of fifth and sixth storage electrodes
137e and 137f. The first, second, third, fourth, fifth, and sixth
storage electrodes 137a,1375,137¢,137d,137¢, and 137fare
approximately rectangular, and the length of each side is
larger than the width of the stem lines and the branch lines.
Each storage electrode line 131 is disposed between two
neighboring gate lines 121. However, the shape and the
arrangement of the storage electrode lines 131 may vary.
[0058] A gate insulating layer 140 is disposed on the gate
lines 121 and the storage electrode lines 131a and 1315.
[0059] A plurality of semiconductor island members 154 is
disposed on the gate insulating layer 140. Each semiconduc-
tor member 154 includes first, second, and third channel
portions 154a, 1545, and 154¢ disposed on the first, second,
and third gate electrodes 124a, 124b, and 124c¢, respectively.
[0060] A pair of first ohmic contact islands (not shown) are
disposed on a first channel portion 154a of each semiconduc-
tor member 154, a pair of second ohmic contact islands 1635
and 1655 are disposed on a second channel portion 1545, and
a pair of third ohmic contact islands (not shown) are disposed
on a third channel portion 154c.

[0061] A plurality of data lines 171 and a plurality of first,
second, and third drain electrodes 175a, 1755, and 175¢ are
disposed on the first, second, and third ohmic contact islands,
respectively, and the gate insulating layer 140.

[0062] The data lines 171 transmit data voltages, and sub-
stantially extend in a vertical direction to cross the gate lines
121. Each data line 171 has a plurality of source electrode
portions 173 that protrude toward the gate electrode portions
124, and a wide end 179 for connection with other layers and
external driving circuits. Each source electrode portion 173
has a “U” shape, and includes a plurality of first, second, and
third source electrodes 173a, 1735, and 173¢ connected to
each other.

[0063] The first, second, and third drain electrodes 1754,
175b, and 175¢ are spaced apart from each other and are
spaced apart from the data lines 171. The first, second, and
third drain electrodes 175a, 175b, and 175¢ face the first,
second, and third source electrodes 173a, 1735, and 173c
with respect to the first, second, and third gate electrodes
124a, 124b, and 124c.

[0064] Each drain electrode 1754, 1755, and 175¢ includes
oneend portion with a wide area and another end portion with
abar shape, and the bar end portions are respectively enclosed
by the source electrodes 173a, 1735, and 173¢.

[0065] The first, second, and third gate electrodes 124a,
1245, and 124c, the first, second, and third source electrodes
173a, 1735, and 173¢, and the first, second, and third drain
electrodes 175a, 1755, and 175¢ make up the first, second,
and third thin film transistors (TFT) Qa, Qb, and Qc as well as
the first, second, and third channel portions 154a, 1545, and
154c¢, and the channels of the first, second, and third thin film
transistors Qa, Qb, and Qc are disposed in the first, second,
and third channel portions 1544, 1545, and 154¢ between the
first, second, and third source electrodes 173a, 1735, and
173¢ and the first, second, and third drain electrodes 1754,
175b, and 175¢.

[0066] A passivation layer 180 is disposed on the data lines
171, the drain electrodes 175a, 1755b, and 175¢, and the
exposed semiconductor members 154.
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[0067] The passivation layer 180 has a plurality of contact
holes 182, 185a, 1855, and 185¢ respectively exposing the
wide end portions 179 of the data lines 171 and the first,
second, and third drain electrodes 175a, 1755, and 175¢. The
passivation layer 180 and the gate insulating layer 140 have a
plurality of contact holes 181 respectively exposing the wide
end portions 129 of the gate lines 121. Also, the passivation
layer 180 has first, second, third, fourth, fifth, and sixth open-
ings 187a, 1875, 187¢, 187d, 187¢, and 187/ disposed on the
first, second, third, fourth, fifth, and sixth storage electrodes
137a,137b,137¢,137d, 137¢, and 137/, respectively.
[0068] A plurality of pixel electrodes 191 and a plurality of
contact assistants 81 and 82 are disposed on the passivation
layer 180.

[0069] Each pixel electrode 191 includes first, second, and
third subpixel electrodes 191a, 1915, and 191¢. Each sub-
pixel electrode 191a, 1915, and 191¢ is approximately rect-
angular and they are arranged in a vertical direction. How-
ever, the shape and the arrangement thereof may vary.
[0070] The area of the first subpixel electrode 191a may be
in the range of 10% to 50% of the entire area of the pixel
electrode 191, the area of the second subpixel electrode 1915
may be in the range of 20% to 50% of the entire area of the
pixel electrode 191, and the area of the third subpixel elec-
trode 191¢ may be in the range of 40% to 70% of the entire
area of the pixel electrode 191.

[0071] The first subpixel electrode 1914 is connected to the
first drain electrode 175a through the contact hole 1854, the
second subpixel electrode 1915 is connected to the second
drain electrode 1756 through the contact hole 1855, and the
third subpixel electrode 191¢ is connected to the third drain
electrode 175¢ through the contact hole 185¢. That is, the first,
second, and third subpixel electrodes 191a, 1915, and 191¢
are spaced from each other.

[0072] The first, second, an dthird subpixel electrodes
1914, 1915, and 191¢ and the common electrode 270 of the
upper panel 200 form the first, second, and third liquid crystal
capacitors Clca, Cleb, and Clec along with the liquid crystal
layer 3 therebetween such that they maintain the applied
voltages after the thin film transistors Qa, Qb, and Qc are
turned off.

[0073] The first subpixel electrode 191a overlaps the first
storage electrode line 131¢ including the first and second
storage electrodes 1374 and 1375. Here, the passivation layer
180 has the first and second openings 187a and 1876 on the
portions where the first subpixel electrode 191¢ and the first
and second storage electrodes 137a and 1375 overlap each
other such that the gate insulating layer 140 only exists
between the pixel electrode 191 and the first and second
storage electrodes 137a and 1375 in the corresponding por-
tions, and the distance between the pixel electrode 191 and
the first and second storage electrodes 137a and 1375 may be
decreased to increase the capacitance of the storage capacitor
Csta formed by the first subpixel electrode 1914 and the first
and second storage electrodes 137a and 1375.

[0074] The second subpixel electrode 1916 overlaps the
first storage electrode line 1314 including the third storage
electrode 137¢ and the second storage electrode line 1315
including the fifth storage electrode 137e. Here, the overlap-
ping area between the second subpixel electrode 1915 and the
first storage electrode line 131a is greater than the overlap-
ping area between the second subpixel electrode 1915 and the
second storage electrode line 1315. The passivation layer 180
has the third and fifth openings 187¢ and 187e disposed onthe
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overlapping area between the second subpixel electrode 1915
and the third and fifth storage electrodes 137¢ and 137e such
that only the gate insulating layer 140 remains between the
pixel electrode 191 and the third and fifth storage electrodes
137¢ and 137¢ in the corresponding portion. The capacitance
of the storage capacitor Cstm formed by the first storage
electrode line 131a and the second subpixel electrode 1915
may be larger than that of the storage capacitor Cstn of the
second storage electrode line 1315 and the second subpixel
electrode 1915 in consideration of the overlapping area and
the area of the openings 187¢ and 187e.

[0075] The third subpixel electrode 191¢ overlaps with the
first storage electrode line 131a, which includes the fourth
storage electrode 1374, and the second storage electrode line
1315, which includes the sixth storage electrode 137f. Here,
the overlapping area between the third subpixel electrode
191c¢ and the first storage electrode line 131a is substantially
the same as the overlapping area between the third subpixel
electrode 191¢ and the second storage electrode line 1315.
Also, the passivation layer 180 includes the fourth and sixth
openings 187d and 187f'in the overlapping area between the
third subpixel electrode 191¢ and the fourth and sixth storage
electrodes 137d and 137/, such that only the gate insulating
layer 140 remains between the third subpixel electrode 191¢
and the fourth and sixth storage electrodes 1374 and 137f'in
the corresponding portion. The capacitance of the storage
capacitor Cstr formed by the first storage electrode line 131a
and the third subpixel electrode 191¢ is determined to be the
same as that of the storage capacitor Csts formed by the
second storage electrode line 1315 and the third subpixel
electrode 191¢ in consideration of the overlapping area and
the area of the openings 187¢ and 187e.

[0076] The first and second storage electrode lines 131a
and 13156 overlap the pixel electrode 191, and include a plu-
rality of branch lines parallel to the data lines 171.

[0077] On the other hand, the first drain electrode 175
extends to cross the central portion of the pixel electrode 191
in the vertical direction. The first opening 1874 and the first
contact hole 1854 are on an opposite side of the second drain
electrode 1755 than the second opening 1875, and the third
opening 187¢ is on an opposite side of the second drain
electrode 1754 than the fifth opening 187e and the fifth con-
tact hole 185¢. The fourth opening 1874, the sixth opening
187/, and the third contact hole 185¢ are disposed in a line
with the second drain electrode 1755.

[0078] On the other hand, as shown in FIG. 7, the pixel
electrode 191 may include a plurality of cutouts 91, 92, 93,
9a, 94b, 95a, and 95b. Here, the pixel electrode 191 may
include the cut lines CLa and CLb indicated in FIG. 7, which
divide it into the first, second, and third subpixel electrodes
191a, 1915, and 191c.

[0079] The contact assistants 81 and 82 are respectively
connected to the end portions 129 and 179 of the gate lines
121 and the data lines 171 through the contact holes 181 and
182.

[0080] The contact assistants 81 and 82 enhance the adhe-
sion between the end portions 129 and 179 of the gate lines
121 and the data lines 171, and to an external device, and
protect them.

[0081] Now, the upper panel 200 will be described.

[0082] A light blocking member 220 is disposed on an
insulation substrate 210 that may be made of transparent glass
or plastic. The light blocking member 220 may be referred as
a black matrix, and it blocks light leakage.
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[0083] A plurality of color filters 230 is disposed on the
substrate 210. The color filters 230 may be mainly disposed in
the regions enclosed by the light blocking member 220, and
may extend according to the column of the pixel electrodes
191 in the vertical direction. Each color filter 230 may display
one of the primary colors such as red, green, or blue.

[0084] An overcoat 250 is disposed on the color filters 230
and the light blocking member 220.

[0085] A common electrode 270 is disposed on the over-
coat 250. As shown in FIG. 7, the common electrode 270 may
have a plurality of cutouts 71, 72, 73a, 73b, 74a, 74b, 75a, and
75b.

[0086] Alignment layers 11 and 21 are disposed at inside
surfaces of the display panels 100 and 200, respectively, and
they may be vertical alignment layers.

[0087] Theliquid crystal layer 3 may have negative dielec-
tric anisotropy. The liquid crystal molecules of the liquid
crystal layer 3 are arranged such that a longitudinal axis ofthe
liquid crystalmolecules is perpendicular to the surfaces of the
two panels 100 and 200 in the absence of an electric field.
[0088] Next, the operation of the liquid crystal display will
be described in detail with reference to FIG. 8, FIG. 1, FIG. 2,
and FIG. 3.

[0089] FIG. 8 is a waveform diagram showing the driving
voltage of the liquid crystal display according to an exem-
plary embodiment of the present invention.

[0090] Firstly, referring to FIG. 1, the signal controller 600
receives input image signals R, G, and B and input control
signals to control display of the input image signals R, G, and
B from an external graphics controller (not shown). The input
image signals R, G, and B contain luminance information of
each pixel PX. The luminance has a specific number of grays,
such as 1024 (=2'°), 256 (=2%), or 64 (=2°). Examples of the
input control signals include a vertical synchronization signal
Vsyne, a horizontal synchronization signal Hsync, a main
clock signal MCLK, and a data enable signal DE.

[0091] The signal controller 600 processes the input image
signals R, G, and B according to an operating condition of the
liquid crystal panel assembly 300 based on the input image
signals R, G, and B and the input control signals to generate
a gate control signal CONT1, a data control signal CONT2, a
storage electrode control signal CONT3, and the like, and
thereafter sends the generated gate control signal CONTT1 to
the gate driver 400, the generated data control signal CONT2
and the processed image signal DAT to the data driver 500,
and the storage electrode control signal CONT3 to the storage
electrode driver 700. The output image signal DAT is as a
digital signal and has the specific number of values (or grays).
[0092] The data driver 500 receives digital image signals
DAT for a row of pixels PX according to the data control
signal CONT?2 transmitted from the signal controller 600, and
selects a grayscale voltage corresponding to each digital
image signal DAT to convert the digital image signals DAT
into analog data signals. Thereafter, the data driver 500
applies the converted analog data signals to corresponding
data lines DL.

[0093] The gate driver 400 applies a gate-on voltage Von to
the gate lines GL according to the gate control signal CONT1
transmitted from the signal controller 600 to turn on the
switching elements Qa, Qb, and Qc connected to the gate
lines GL. Then, the data voltage Vd applied to the data lines
DL is applied to corresponding the subpixels PX1, PX2, and
PX3 through the turned-on switching elements Qa, Qb, and

Qc.
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[0094] Here, the first, second, and third subpixel electrodes
191a, 1915, and 191¢ that make up one pixel electrode 191
are respectively connected to the switching elements Qa, Qb,
and Qc, but the switching elements Qa, Qb, and Qc are all
connected to the same gate line GL and the data line DL.
Accordingly, the first, second, and third subpixel electrodes
191a, 1915, and 191c¢ receive the same data voltage Vd
through the same data line DL at the same time.

[0095] Accordingly, as shown in FIG. 8. each subpixel
electrode voltage Pa, Pb, and Pc is increased to almost the
same some level. Next, if the switching elements Qa, Qb, and
Qc are turned-off, the first, second, and third subpixel elec-
trodes 191a, 1915, and 191¢ are floated. Here, the gate volt-
age Vg changes from the gate-on voltage Von to the gate-off
voltage Voff such that each of the subpixel electrode voltages
Pa, Pb, and Pc are decreased by a kick-back voltage Vkb.
[0096] Thereafter, the voltages of the first and second stor-
age electrode lines SLa and SLb are changed such that the
voltages of the first, second, and third subpixel electrodes
191a, 1915, and 191¢ change and become different from each
other.

[0097] In detail, the first subpixel electrode voltage Pa is
increased by the value APa according to the change of the first
storage electrode signal Vsta.

[0098] The second subpixel electrode voltage Pb is
increased by the value APb, which is somewhat offset, rather
than the variation of the first storage electrode signal Vsta.
[0099] The influences of the first storage electrode signal
Vsta and the second storage electrode signal Vstb are offset
from each other such the third subpixel electrode voltage Pc is
maintained.

[0100] Accordingly, in relation to the common voltage
Vcom, the voltage of first subpixel electrode 191a becomes
Vpal, the voltage of the second subpixel electrode 1915
becomes Vpbl, the voltage of the third subpixel electrode
191¢ becomes Vpcl, and the order of the magnitude thereofis
Vpal>Vpbl>Vpcl.

[0101] These subpixel electrode voltages Vpal, Vpbl, and
Vpcl are maintained during one frame.

[0102] In this way, if the potential difference is generated
between both terminals of the first, second, and third liquid
crystal capacitors Clea, Cleb, and Clee, a primary electric
field that is perpendicular to the surfaces of the display panels
100 and 200 is generated in the liquid crystal layer 3. Here-
after, the pixel electrode 191 and the common electrode 270
are referred to as “field generating electrodes”. The liquid
crystal molecules of the liquid crystal layer 3 are arranged in
response to the electric field such the long axis thereof are
vertically declined in the direction of the electric field, and the
change degree of the polarization of the light that is incident
to the liquid crystal layer 3 is changed according to the dec-
lination degree of the liquid crystal molecules. This change of
the polarization appears as a change of the transmittance of
the polarizer, thereby displaying images of the liquid crystal
display.

[0103] Thedeclination angle ofthe liquid crystal molecules
is changed according to the intensity of the electric field, and
because the voltages of the three liquid crystal capacitors
Clea, Clcb, and Clcb are different, the declination angles of
the liquid crystal molecules of the three liquid crystal capaci-
tors Clca, Clcb, are Clcb are different such that the luminance
of the three subpixels are different. Accordingly, if the volt-
ages of the three liquid crystal capacitors Clca, Clcb, and Clcb
are appropriately controlled, the images shown at the side of
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the display may approximate the image shown in the front,
that is to say, the gamma curve of the side may be approxi-
mately close to the gamma curve of the front to thereby
improve the side visibility.

[0104] By repeating this procedure every horizontal period
(also referred to as a “1H” period and equal to one period of
the horizontal synchronization signal Hsync and the data
enable signal DE), the data voltages Vd are applied to all
pixels PX to display images for a frame.

[0105] When the next frame starts after one frame finishes,
the inversion control signal RVS applied to the data driver 500
is controlled such that the polarity of the data signals is
reversed (which is referred to as “frame inversion”).

[0106] That is to say, referring to FIG. 8, the polarity of the
voltage applied to each subpixel electrode is reversed in the
next frame, and the procedure of the previous frame is
repeated, the voltage of the first subpixel electrode 191a
becomes Vpa2, the voltage of the second subpixel electrode
1915 becomes Vpb2, the voltage of the third subpixel elec-
trode 191¢ becomes Vpc2, and the order of the magnitude
thereof is Vpa2>Vpb2>Vpc2.

[0107] On the other hand, the inversion control signal RVS
may also be controlled such that the polarity of the data
signals flowing in a data line are periodically reversed during
one frame (for example row inversion and dot inversion), or
the polarity of the data signals in one packet is reversed (for
example column inversion and dot inversion).

[0108] Now, a liquid crystal panel assembly according to
another exemplary embodiment of the present invention will
be described in detail with reference 1o FIG. 9 and FIG. 10.
[0109] FIG. 9 is an equivalent circuit diagram of one pixel
of aliquid crystal panel assembly according to another exem-
plary embodiment of the present invention.

[0110] Referring to FIG. 9, like FIG. 3, each pixel PX
includes the first, second, and third subpixels PXa, PXb, and
PXc, each subpixel PXa, PXb, and PXc includes the first,
second, and third switching elements Qa, Qb, and Qc respec-
tively connected to the corresponding gate line GL and the
corresponding data line DL and the first, second, and third
liquid crystal capacitors Clca, Clcb, and Clec connected
thereto. The first subpixel PXa includes the first switching
element Qa and the first storage capacitor Csta connected to
the first storage electrode line SLa. The second subpixel PXb
includes the second switching element Qb and the second and
third storage capacitors Cstm and Cstn connected to the first
and second storage electrode lines SLa and SLb, respectively.
[0111] However, different from FIG. 3, the liquid crystal
panel assembly of FIG. 9 includes the third subpixel PXc
having the fourth storage capacitor Cstc connected to the third
switching element Qc and the second storage electrode line
SLb.

[0112] Next, the detailed structure of the liquid crystal
panel assembly of FIG. 9 will be described with reference to
FIG. 10.

[0113] FIG. 10 is a layout view of a liquid crystal panel
assembly according to another exemplary embodiment of the
present invention.

[0114] Like the liquid crystal panel assembly of FIG. 4,
FIG. 5, and FIG. 6, a liquid crystal panel assembly of FIG. 10
includes a lower panel (not shown) and an upper panel (not
shown) facing each other, a liquid crystal layer (not shown)
disposed between the two panels, and a pair of polarizers (not
shown) attached to the outside surfaces of the display panels.
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[0115] The layered structure of the liquid crystal panel
assembly according to the present exemplary embodiment is
almost the same as the layered structure of the liquid crystal
panel assembly shown in FIG. 5 and FIG. 6.

[0116] In the lower panel, a plurality of gate lines 121 and
aplurality of first and second storage electrode lines 131a and
1315 are disposed on an insulation substrate (not shown).
Each gate line 121 includes first, second, and third gate elec-
trodes 124a, 1245, and 124¢ and an end portion 129. The
storage electrode lines 131a and 1315 include a plurality of
storage electrodes 1374, 1375,137¢,137d,137¢, and 1371 A
gate insulating layer (not shown) is disposed on the gate lines
121 and the storage electrode lines 131a and 1315. A plurality
of semiconductor islands 154a, 1545, and 154¢ are disposed
on the gate insulating layer, and a plurality of ohmic contact
islands (not shown) are disposed thereon. A data conductor
including a plurality of data lines 171 and a plurality of the
first, second, and third drain electrodes 1754, 1755, and 175
are disposed on the ohmic contacts. Each data line 171
includes a plurality of first, second, and third source elec-
trodes 173a, 1735, and 173¢ and an end portion 179. A pas-
sivation layer (not shown) is disposed on the data conductors
171, 175a, 175b, and 175¢ and the exposed semiconductors
154a, 1545, and 154¢, and the passivation layer and the gate
insulating layer have a plurality of contact holes 181, 182,
1854, 185b, and 185¢ and a plurality of openings 187a, 1875,
187c, 1874, 187¢, and 187f. A plurality of pixel electrodes
191 including the first, second, and third subpixel electrodes
191a, 1915, and 191¢ and a plurality of contact assistants 81
and 82 are disposed on the passivation layer. An alignment
layer (not shown) is disposed on the pixel electrode 191, the
contact assistants 81 and 82, and the passivation layer.

[0117] In the upper panel, a light blocking member (not
shown), a plurality of color filters (not shown), an overcoat
(not shown), a common electrode (not shown), and an align-
ment layer (not shown) are disposed on an insulation sub-
strate (not shown).

[0118] However, in the liquid crystal panel assembly
according to the present exemplary embodiment, when com-
paring with the liquid crystal panel assembly shown in FIG. 4,
FIG. 5, and FIG. 6, the third storage electrode 137¢ is con-
nected to the second storage electrode line 1315, not the first
storage electrode line 131a. Accordingly, the second storage
electrode voltage Vstb is applied to the third storage electrode
137c.

[0119] The first subpixel electrode 191a overlaps with the
first storage electrode line 131a, which includes the first and
second storage electrodes 137a and 1375.

[0120] The second subpixel electrode 1915 overlaps with
the first storage electrode line 131a, which includes the fourth
storage electrode 1374, and the second storage electrode line
1315, which includes the sixth storage electrode 137/ Here,
the overlapping area between the second subpixel electrode
1915 and the first storage electrode line 131a is substantially
the same as the overlapping area between the second subpixel
electrode 1915 and the second storage electrode line 1315.
The capacitance of the storage capacitor Cstm, which is
formed by the first storage electrode line 131¢ and the second
subpixel electrode 1915, may be the same as that of the
storage capacitor Cstn, which is formed by the second storage
electrode line 131 and the second subpixel electrode 1915, in
consideration of the overlapping area and the area of the
openings 187d and 187f.
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[0121] Thethird subpixel electrode 191¢ is disposed below
the first subpixel electrode 191a, and overlaps with the second
storage electrode line 1315, which includes the third and fifth
storage electrodes 137¢ and 137e.

[0122] Now, the driving of the liquid crystal display includ-
ing the liquid crystal panel assembly shown in FIG. 9 and
FIG. 10 will be described with reference to FIG. 11.

[0123] Referring to FIG. 11, the first, second, and third
subpixel electrodes 191a, 1915, and 191¢ that make up one
pixel electrode 191 respectively receive the same data voltage
Vd through the same data line DL at the same time through
the respective switching elements Qa, Qb, and Qc.

[0124] Accordingly, the voltage Pa, Pb, and Pc of each
subpixel electrode 191a, 1915, and 191c is increased by the
same degree. Next, if the switching elements Qa, Qb, and Qc
are turned off; the first, second, and third subpixel electrodes
191a,1915, and 191 ¢ are floated. Here, the gate voltage Vg is
changed from the gate-on voltage Von to the gate-off voltage
Voff such that each subpixel electrode voltage Pa, Pb, and Pc
drops by the kick-back voltage Vkb. However, the first, sec-
ond, and third subpixel electrodes 191a, 1915, and 191¢ form
the capacitors Csta, Cstb, and Cstc along with the first and
second storage electrode lines SLa and SLb such that the
voltages of the first, second, and third subpixel electrodes
191a, 1915, and 191c¢ are changed according to the voltages
of the first and second storage electrode lines SLa and SLb,
then the voltages of the first, second, and third subpixel elec-
trodes 191a, 1915, and 191¢ are changed.

[0125] In detail. the voltage Pa of the first subpixel elec-
trode is increased by the value APa according to the change of
the first storage electrode signal Vsta.

[0126] The influences of the first storage electrode signal
Vsta and the second storage electrode signal Vstb are offset
such that the second subpixel electrode voltage Pb is main-
tained.

[0127] The third subpixel electrode 191c is decreased by
the value APc according to the change of the second storage
electrode signal Vstb.

[0128] Accordingly, with reference to the common voltage
Veom, the voltage of the first subpixel electrode 191a
becomes Vpal, the voltage of the second subpixel electrode
1915 becomes Vpbl, and the voltage of the third subpixel
electrode 191¢ becomes Vpel, and the order of the magnitude
thereof is Vpal>Vpb1>Vpcl. These subpixel electrode volt-
ages Vpal, Vpbl, and Vpcl are maintained during one frame.
[0129] Next, the polarity of the voltage applied to each
subpixel electrode 191a, 1915, and 191¢ is reversed in the
next frame and the procedure of the previous frame is
repeated, the voltage of the first subpixel electrode 191a
becomes Vpa2, the voltage of the second subpixel electrode
1915 becomes Vpb2, and the voltage of the third subpixel
electrode 191¢ becomes Vpc2, and the order of the magnitude
thereof is Vpa2>Vpb2>Vpc2.

[0130] Next, the effects of the liquid crystal displays
according to the various exemplary embodiment of the
present invention will be described with reference to FIG.
12A, FIG. 12B, FIG. 12C, and FIG. 12D.

[0131] FIG. 12A is a graph showing gamma curves of the
front and the side of the liquid crystal display according to the
conventional art, and FIG. 12B, FIG. 12C, and FIG. 12D are
graphs showing gamma curves of the front and the side of the
liquid crystal display according to various exemplary
embodiments of the present invention.
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[0132] FIG. 12A shows a case of the liquid crystal display
including a pixel electrode that is divided into two subpixel
electrodes that are spaced apart from each other, and FIG.
12B, FIG. 12C, and FIG. 12D show cases of the liquid crystal
display including a pixel electrode that is divided into three
subpixel electrodes that are spaced apart from each other.
FIG. 12B shows the case in which the area ratio of the first,
second, and third subpixel electrodes 191a, 1915, and 191c¢ is
1:2:1, the capacitance ratio of the first storage capacitor Csta
to the first liquid crystal capacitor Clea is 1, and the capaci-
tance ratio of the second storage capacitor Cstb to the second
liquid crystal capacitor Cleb is 0.2 in the liquid crystal panel
assembly of FIG. 3. FIG. 12C shows the case in which the
area ratio of the first, second, and third subpixel electrodes
191a,1915, and 191¢is 1.5:1.5:1, the capacitance ratio of the
first storage capacitor Csta to the first liquid crystal capacitor
Clca is 0.65, and the capacitance ratio of the third storage
capacitor Cste to the third liquid crystal capacitor Clec is 0.65
in the liquid crystal panel assembly of FIG. 9. FIG. 12D
shows the case in which the area ratio of the first, second, and
third subpixel electrodes 191a, 1915, and 191¢ is 1:2:1, the
capacitance ratio of the first storage capacitor Csta to the first
liquid crystal capacitor Clca is 0.8, and the capacitance ratio
of the third storage capacitor Cstc to the third liquid crystal
capacitor Clce is 0.65 in the liquid crystal panel assembly of
FIG. 9.

[0133] The index of visibility is 0.250 in the case of FIG.
12A, which may be better than the index of visibility of the
general case in which the pixel electrode is not divided. Here,
the index of visibility is the index in which the distortion
amount of the side gamma for the front gamma is quantified.
However, a turning point at which the gamma curve is rapidly
changed is generated in portion A of the side gamma curve,
and the curved line is swollen in portion B. Like this, when the
side gamma curve is not smoothly changed, the change of the
color or the luminance is not natural in the side of the liquid
crystal display and the phenomenon in which the color or the
luminance is rapidly changed is generated such that the
screen is unpleasantly shown.

[0134] This phenomenon is generated since the corre-
sponding liquid crystal molecules are suddenly moved, when
the subpixel having a relatively low voltage among two sub-
pixels starts to contribute to the entire voltage over the some
gray.

[0135] On the other hand, the indexes of visibility were
respectively 0.224, 0.204, and 0.204 in the cases of FIG. 12B,
FIG. 12C, and FIG. 12D. Also, the generation of the phenom-
ena of a turning point and swelling may be prevented in the
side gamma curve in the respective cases, and the side gamma
curve may be comparably smooth. In the liquid crystal dis-
play according to the present invention, the entire pixel is
divided into three subpixels having different voltages from
each other such that the subpixel having the relatively low
voltage may be divided into two. Accordingly, when the sub-
pixel having the relatively low voltage among two subpixels
starts to contribute to the entire voltage over the some gray,
even though the corresponding liquid crystal molecules may
suddenly move, because the corresponding portion is divided
in two, the influence may be reduced such that the side gamma
curve may be smooth.

[0136] Accordingly, to prevent the phenomena of a turning
point and swelling of the side gamma curve and to obtain a
sufficient index of visibility, in relation to the common volt-
age Vcom, the first subpixel electrode voltage Vpal may be
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higher than the third subpixel electrode voltage Vpc1 by 0.5V
to 1.5V, and the second subpixel electrode voltage Vpb1 may
be higher than the third subpixel electrode voltage Vpcl by
0.1V to 1.0V in the case of the liquid crystal display of FIG.
3. In the case of the liquid crystal display of FIG. 9, in relation
to the common voltage Vcom, the first subpixel electrode
voltage Vpal is higher than the second subpixel electrode
voltage Vpb1 by 0.5V to 1.5V, and the third subpixel elec-
trode voltage Vpcl is less than the second subpixel electrode
voltage Vpbl by 0.5V o 1.5V.

[0137] According to exemplary embodiments of the
present invention, the improved index of visibility may be
maintaired and the screen deterioration generated at the side
of the liquid crystal display may be minimized, as compared
with the case in which the pixel electrode is divided into two.
[0138] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A display panel, comprising:

a pixel electrode comprising a first subpixel electrode, a
second subpixel electrode, and a third subpixel electrode
insulated from each other;

a first thin film transistor connected to the first subpixel
electrode;

a second thin film transistor connected to the second sub-
pixel electrode;

a third thin film transistor connected to the third subpixel
electrode;

a gate line connected to the first thin film transistor, the
second thin film transistor, and the third thin film tran-
sistor;

a data line connected to the first thin film transistor, the
second thin film transistor, and the third thin film tran-
sistor; and

a voltage differentiating member to change voltages of the
first subpixel electrode, the second subpixel electrode,
and the third subpixel electrode to be different from each
other.

2. The display panel of claim 1, wherein:

the first thin film transistor, the second thin film transistor,
and the third thin film transistor each include a gate
electrode, a source electrode, and a drain electrode;

the gate electrodes of the first thin film transistor, the sec-
ond thin film transistor, and the third thin film transistor
are connected to the gate line;

the source electrodes of the first thin film transistor, the
second thin film transistor, and the third thin film tran-
sistor are connected to the data line; and

the drain electrodes of the first thin film transistor, the
second thin film transistor, and the third thin film tran-
sistor are spaced apart from each other.

3. The display panel of claim 2, wherein

a voltage of the first subpixel electrode (“first subpixel
voltage”) is higher than a voltage of the second subpixel
electrode (“second subpixel voltage™), and the second
subpixel voltage is higher than a voltage of the third
subpixel electrode (“third subpixel voltage”).
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4. The display panel of claim 3, wherein

the first subpixel voltage is higher than the third subpixel
voltage by 0.5V to 1.5V, and the second subpixel volt-
age is higher than the third subpixel voltage by 0.1 V to
1L.OV.

5. The display panel of claim 3, wherein:

the first subpixel voltage is higher than the second subpixel
voltage by 0.5V to 1.5V, and the third subpixel voltage
is less than the second subpixel voltage by 0.5Vto 1.5V.

6. The display panel of claim 3, wherein the voltage differ-

entiating member comprises:

a first storage electrode line overlapping with the first sub-
pixel electrode, the second subpixel electrode, and the
third subpixel electrode; and

asecond storage electrode line overlapping with the second
subpixel electrode and the third subpixel electrode, and

the first storage electrode line and the second storage elec-
trode line respectively receive a first storage voltage and
a second storage voltage having opposite phases from
each other.

7. The display panel of claim 6, wherein

an overlapping area between the second subpixel electrode
and the first storage electrode line is larger than an over-
lapping area between the second subpixel electrode and
the second storage electrode line, and an overlapping
area between the third subpixel electrode and the first
storage electrode line and an overlapping area between
the third subpixel electrode and the second storage elec-
trode line are the same.

8. The display panel of claim 3, wherein the voltage differ-

entiating member comprises:

a first storage electrode line overlapping with the first sub-
pixel electrode and the second subpixel electrode; and

asecond storage electrode line overlapping with the second
subpixel electrode and the third subpixel electrode, and

the first storage electrode line and the second storage elec-
trode line respectively receive a first storage voltage and
a second storage voltage having opposite phases from
each other.

9. The display panel of claim 8, wherein

an overlapping area between the second subpixel electrode
and the first storage electrode line and an overlapping
area between the second subpixel electrode and the sec-
ond storage electrode line are the same.

10. The display panel of claim 3, wherein

an area of the first subpixel electrode is in the range of 10%
to 50% of the entire area of the pixel electrode.

11. The display panel of claim 3, wherein

the area of the second subpixel electrode is in the range of
20% to 50% of the entire area of the pixel electrode.

12. The display panel of claim 3, wherein

the area of the third subpixel electrode is in the range of
40% to 70% of the entire area of the pixel electrode.

13. The display panel of claim 2, wherein

each gate electrode of the first thin film transistor, the
second thin film transistor, and the third thin film tran-
sistor are connected to each other, and each source elec-
trode of the first thin film transistor, the second thin film
transistor, and the third thin film transistor are connected
to each other.

14. A liquid crystal display, comprising;

a gate line;

a data line crossing the gate line;

a first storage electrode line and a second storage electrode
line; and
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a pixel connected to the gate line and the data line,

wherein the pixel comprises:

a first liquid crystal capacitor comprising a first subpixel
electrode,

a second liquid crystal capacitor comprising a second sub-
pixel electrode,

a third liquid crystal capacitor comprising a third subpixel
electrode,

a first storage capacitor coupled in parallel to the first liquid
crystal capacitor and connected to the first storage elec-
trode line,

asecond storage capacitor coupled in parallel to the second
liquid crystal capacitor and connected to the first storage
electrode line and the second storage electrode line, and

a third storage capacitor coupled in parallel to the third
liquid crystal capacitor and connected to the first storage
electrode line and the second storage electrode line,

wherein the first storage electrode line and the second
storage electrode line receive storage electrode signals
having opposite phases from each other, and

wherein charging voltages of the first liquid crystal capaci-
tor, the second liquid crystal capacitor, and the third
liquid crystal capacitor are different from each other.

15. The liquid crystal display of claim 14, wherein

the charging voltage of the first liquid crystal capacitor is
higher than the charging voltage of the third liquid crys-
tal capacitor by 0.5V to 1.5V, and the charging voltage
of the second liquid crystal capacitor is higher than the
charging voltage of the third liquid crystal capacitor by
0.1Vto1.0V.

16. A liquid crystal display, comprising;

a gate line;

a data line crossing the gate line;

a first storage electrode line and a second storage electrode
line; and

a pixel connected to the gate line and the data line,

wherein the pixel comprises:

a first liquid crystal capacitor comprising a first subpixel
electrode,

a second liquid crystal capacitor comprising a second sub-
pixel electrode,

a third liquid crystal capacitor comprising a third subpixel
electrode,

a first storage capacitor coupled in parallel to the first liquid
crystal capacitor and connected to the first storage elec-
trode line,

asecond storage capacitor coupled in parallel to the second
liquid crystal capacitor and connected to the first storage
electrode line and the second storage electrode line, and

a third storage capacitor coupled in parallel to the third
liquid crystal capacitor and connected to the second
storage electrode line,

wherein the first storage electrode line and the second
storage electrode line receive storage electrode signals
having opposite phases from each other, and

wherein the charging voltages of the first liquid crystal
capacitor, the second liquid crystal capacitor, and the
third liquid crystal capacitor are different from each
other.

17. The liquid crystal display of claim 16, wherein

the charging voltage of the first liquid crystal capacitor is
higher than the charging voltage of the second liquid
crystal capacitor by 0.5 V to 1.5V, and the charging
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voltage of the third liquid crystal capacitor is less than 19. The display panel of claim 1, wherein:
the charging voltage of the second liquid crystal capaci- an area ratio of the first subpixel electrode, the second

torby0.5Vto 1.5V.
18.(¥heydisplay ?)anel of claint 1. wherein: subpixel electrode, and the third subpixel electrode is

an area ratio of the first subpixel electrode, the second 1.5:1.5:1.
subpixel electrode, and the third subpixel electrode is
1:2:1.
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