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(57) ABSTRACT

A display device includes a lower polarizing plate, an array
substrate, an opposite substrate, a liquid crystal layer and an
upper polarizing plate. The array substrate includes a pixel
electrode and a lower alignment layer. The pixel electrode has
a planar-type electrode portion and a plurality of branch elec-
trode portions extended from the planar-type electrode por-
tion in a first direction, which is formed at about 45 degrees
with respect to a first polarization axis. The lower alignment
layer is formed on the pixel electrode to be aligned in the first
direction. The opposite substrate includes a planar-type com-
mon electrode facing the pixel electrode and an upper align-
ment layer. The upper alignment layer is formed on the com-
mon electrode to be aligned in an opposite direction of the
first direction.
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FIG. 3
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FIG. 5

FIG. 6

@

s
£
o
—
““*-“G-L:

0.35 1 W

0.30 4

0.25 1

TRANSMI TTANCE! au)

0.20

T

0 10 2 30 40
POSITION



US 2010/0259712 A1

Oct. 14,2010 Sheet 6 of 19

7

L[]

F1G

VOLTAGELV]

Patent Application Publication

b
£
i
j
1]
ﬁ
|
m
12
iy
i
i
.
]
|
|
.lll*arrn
;
:
b3
(14\1‘ .‘u
:
i f
w !
ALV A
| N
i |
| S AN N S ,
i i | i _ ) m =
2 8 8 8 2 =2 8 8
] L [ e ] (e L3 e [}
(NBYFONYLL IHSHYHL



Patent Application Publication

(473

4704 4714

473

DO1
FO2 PO1

\\\\1ff“~-DG2

Oct. 14,2010 Sheet7 of 19 US 2010/0259712 A1

{ Rub 1

FIG. 8

--------

s o it BT V43!
i
i
~~Rub?
E
1




Patent Application Publication = Oct. 14,2010 Sheet 8 of 19 US 2010/0259712 A1

FIG. 9

671

/ » O70




Patent Application Publication  Oct. 14,2010 Sheet 9 of 19 US 2010/0259712 A1

FIG. 10

870

Doz
POZ A PO

Ny
R —



Patent Application Publication  Oct. 14,2010 Sheet 10 of 19  US 2010/0259712 Al

F1G. 11

sl
L
—t
e
et
amade
Lo
i
a

i
L_

/

A
1




Patent Application Publication  Oct. 14,2010 Sheet 11 0f19  US 2010/0259712 Al

FIG.

D}} 5. N SO0 O TN JURK 0 S T S ST U SO TN TR SUS W G T F FNC NG AR NN T W NS TN TUY N SO O WK U AW S WK DU SN TN T |

1 35 7 811316171921 c}2527”3931 333537394143454749
POSITION




Patent Application Publication  Oct. 14,2010 Sheet 12 0of19  US 2010/0259712 Al

FIG.

TTANCE

TRANSMI

0015

O-} i l‘lllAlllilllllllfil(l())(l]]Qilllf}){l\)!ij.!

1 '% O 7 91113151719 21232527 29 313335373941 434547 49
PSITION



Patent Application Publication  Oct. 14,2010 Sheet 130f19  US 2010/0259712 Al

FIG. 14

1270




Patent Application Publication  Oct. 14,2010 Sheet 14 of 19  US 2010/0259712 Al

FIG. 15

O 1O

1 P
‘ , 1404

A2 ' |
1477
1166

1470

Gy ek g b b S e

" e
I g
—}

:‘:

o

S DRI




Patent Application Publication  Oct. 14,2010 Sheet 15019  US 2010/0259712 Al

FIG. 16

2470
| e 2472
HS _
2474 1 b 2476
LCHE
1L | 1
Sst o
| !
| |
LU e L L




US 2010/0259712 A1

Oct. 14,2010 Sheet 16 of 19

Patent Application Publication

FIG. 17

2570

{

o ¥

S 5

2 X

) )

A N
P T o o T T T R m e 3] 3 S
H F o  a— promsry |
e e e e e e 1 e e A —— s
o L. b bt
i it bt ol
1[,‘ lllllllllllllllllllllllllllllllllll Lome froens o] I.L
I ¥ ] ;

b e e e e e etk o r rr e r e et e ot et e e i e i e e v €] \\\A

w

<t

T

e

o

ﬁubﬁ



Patent Application Publication  Oct. 14,2010 Sheet 17 0f19  US 2010/0259712 Al

FIG. 18

2670
I Y
T OOV
___________ HE ,,
] i |
2674 ey i - e 2870
[ |
Hill
L |
N = N
Jiil
I |
L N i
'\
Rub?
Do2

P02 1 PO




Patent Application Publication  Oct. 14,2010 Sheet 18 0of 19  US 2010/0259712 Al

2770
2772
— —
- —
- —
e I e e
— S—
- a—
- —
—— —
el D ]




Patent Application Publication  Oct. 14,2010 Sheet 19 0f19  US 2010/0259712 Al

2870

—— 2872

" 2876




US 2010/0259712 Al

DISPLAY DEVICE WITH ENHANCED
DISPLAY QUALITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority under 35 U.S.C.
§119 to Korean Patent Application No. 10-2009-0030926,
filed on Apr. 9, 2009 in the Korean Intellectual Property
Office (KIPO), the contents of which are herein incorporated
by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a display device,
and more particularly, the present invention relate to a display
device having an enhanced display quality.

[0004] 2. Discussion of the Related Art

[0005] Aliquidcrystal display (LCD) deviceis atype of flat
panel display device displaying an image using liquid crystal.
The LCD device is relatively thin and light and has low power
consumption compared to other types of display devices,
thereby operating at a relatively low driving voltage. There-
fore, the LCD device is widely used in various data process-
ing applications. The LCD device includes display plates in
which an electric field generating electrode such as a pixel
electrode, a common electrode, etc., is formed. A liquid crys-
tal layer is interposed between the display plates. A voltage is
applied to the electric field generating electrode to generate
an electric field in the liquid crystal layer. An alignment of the
liquid crystal molecules of the liquid crystal layer is deter-
mined by the electric field. The polarization of incident light
is thereby controlled to display an image.

[0006] A vertical alignment (VA) mode LCD device, in
which the long axes of liquid crystal molecules are vertically
aligned with respect to upper and lower display plates when
an electric field is not applied thereto, may have a relatively
high contrast ratio. However, the VA mode LCD may have a
relatively poor viewing angle and thus may not look satisfac-
tory to a user when viewed from an acute angle.

[0007] Moreover, in order to obtain a wide viewing angle, a
patterned vertical alignment (PVA) mode LCD device has
been developed in which an opening portion is formed
through an electric field generating electrode. Moreover, a
microslit mode LCD device or a super vertical alignment
(SVA) mode LCD device has been developed in which a light
alignment process is used instead of a rubbing process for an
alignment layer and the slit portion that decreases an aperture
ratio has been removed from a common electrode of an upper
substrate.

[0008] However, transmittance may be decreased by the slit
portions, a mask process for forming a microslit portion may
be added, and a light alignment process may be complicated.
Thus, manufacturing costs of the LCD device may be
increased and the yield of the LCD device may be decreased.

SUMMARY OF THE INVENTION

[0009] Exemplary embodiments of the present invention
provide a display device manufactured by a simplified manu-
facturing process and have relatively high transmittance, a
high contrast ratio and superior visibility.

[0010] According to one aspect of the present invention, a
display device includes a lower polarizing plate, an array
substrate, an opposite substrate, a liquid crystal layer and an
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upper polarizing plate. The lower polarizing plate has a first
polarization axis. The array substrate is disposed on the lower
polarizing plate. The array substrate includes a pixel elec-
trode and a lower alignment layer. The pixel electrode has a
planar-type electrode portion and a plurality of branch elec-
trode portions extended from the planar-type electrode por-
tion in a first direction, which is about 45 degrees with respect
to the first polarization axis. The lower alignment layer is
formed on the pixel electrode and is aligned in the first direc-
tion. The opposite substrate includes a planar-type common
electrode and an upper alignment layer. The planar-type com-
mon electrode faces the pixel electrode. The upper alignment
layer is formed on the common electrode and is aligned in a
direction opposite to the first direction. The liquid crystal
layer is disposed between the array substrate and the opposite
substrate and has liquid crystal molecules that are vertically
arranged when an electric field is off. The upper polarizing
plate disposed on the opposite substrate has a second polar-
ization axis substantially perpendicular to the first polariza-
tion axis.

[0011] In an exemplary embodiment of the present inven-
tion, the lower alignment layer may be rubbed in a first direc-
tion and the upper alignment layer may be rubbed in a direc-
tion opposite to the first direction. Here, the liquid crystal
comprises nematic liquid crystal of which a long axis may be
arranged in a direction perpendicular to the direction of the
electric field when an electric field is applied to the liquid
crystal. In this case, the liquid crystal molecules may be
aligned to have a pre-tilt angle of about 80 degrees to about
89.9 degrees.

[0012] According to another aspect of the present inven-
tion, a display device includes a lower polarizing plate, an
array substrate, an opposite substrate, a liquid crystal layer
and an upper polarizing plate. The lower polarizing plate has
afirst polarization axis. The array substrate is disposed on the
lower polarizing plate. The array substrate includes a pixel
electrode and a lower alignment layer. The pixel electrode has
a plurality of branch electrode portions that is extended
between a first direction, which is formed at about 45 degrees
with respect to the first polarization axis, and the first polar-
ization axis. The lower alignment layer is formed on the pixel
electrode. The opposite substrate includes a planar-type com-
mon electrode and an upper alignment layer. The planar-type
common electrode faces the pixel electrode. The upper align-
ment layer is formed on the common electrode and is aligned
in a second polarization axis direction perpendicular to the
first polarization axis. The liquid crystal layer is disposed
between the array substrate and the opposite substrate to have
liquid crystal molecules vertically arranged when an electric
field is off. The upper polarizing plate is disposed on the
opposite substrate and has a second polarization axis substan-
tially perpendicular to the first polarization axis.

[0013] According to some exemplary embodiments of the
present invention, a planar-type electrode portion and a
branch electrode portion are disposed at an angle less than
about 45 degrees with respect to a polarization axis and are
complementally operated at a low gradation and middle and
high gradations, and side visibility may be enhanced. In addi-
tion, high transmittance and a high contrast ratio may be
achieved in a vertical alignment (VA) mode display device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other features of exemplary embodi-
ments of the present invention will become more apparent by
describing in detail with reference to the accompanying draw-
ings, in which:
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[0015] FIG.1isaplan view illustrating an array substrate of
a display device according to an exemplary embodiment of
the present invention;

[0016] FIG.21isa cross-sectional view taken along a line of
the display device having the array substrate as shown in FIG.
1

[0017] FIG. 3 is a plan view illustrating the pixel electrode
of FIG. 1;

[0018] FIG.4disaplan view illustrating a rubbing direction
of the opposite substrate of FIG. 2;

[0019] FIG.5is aschematic diagram illustrating movement
of liquid crystal molecules in accordance with a gradation in
a second area of the pixel electrode as described below with
reference to FIG. 3;

[0020] FIG. 6 is a graph showing transmittance in accor-
dance with a position along a second direction in first and
second areas of the pixel electrode as described below with
reference to FIG. 3;

[0021] FIG. 7 is a graph showing a relationship between
voltage and transmittance in which the display device as
described below with reference to FIGS. 1 to 5 is observed;
[0022] FIG. 8 is a plan view illustrating a pixel electrode
according to an exemplary embodiment of the present inven-
tion;

[0023] FIGS. 9 and 10 are plan views respectively illustrat-
ing pixel electrodes 670 and 870 of a display device according
to an exemplary embodiment of the present invention;
[0024] FIG. 11 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention;

[0025] FIG. 12 is a graph showing transmittance in accor-
dance with a position along a first direction in a left area of the
pixel electrode when viewed from a plan view of FIG. 11;
[0026] FIG. 13 is a graph showing transmittance in accor-
dance with a position along a first direction in a right area of
the pixel electrode when viewed from a plan view of F1G. 11,
[0027] FIGS. 14 and 15 are plan views illustrating pixel
electrodes according to exemplary embodiments of the
present invention;

[0028] FIG. 16 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention;

[0029] FIG. 17 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention;

[0030] FIG. 18 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention;

[0031] FIG. 19 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention; and

[0032] FIG. 20 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0033] Exemplary embodiments of the present invention
are described more fully hereinafter with reference to the
accompanying drawings. The present invention may, how-
ever, be embodied in many different forms and should not be
construed as limited to the exemplary embodiments set forth
herein. In the drawings, the sizes and relative sizes of layers
and regions may be exaggerated for clarity.
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[0034] Tt 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.

[0035] Hereinafter, exemplary embodiments of the present
invention will be explained in detail with reference to the
accompanying drawings.

[0036] FIG.1isaplan view illustrating an array substrate of
a display device (FIG. 2, 100) according to an exemplary
embodiment of the present invention. FIG. 2 is a cross-sec-
tional view taken along a line I-I' of the display device 100
having the array substrate as shown in FIG. 1.

[0037] Referring to FIGS. 1 and 2, a display device 100
includes a lower polarizing plate 5, an array substrate 101, an
opposite substrate 201, a liquid crystal layer 103 and an upper
polarizing plate 7.

[0038] The array substrate 101 may include a lower sub-
strate 110, a gate line 111, a storage line (not shown), a gate
insulation layer 121, a channel layer 125 (which may also be
referred to as an active layer), a data line 131, a switching
element SW, a passivation film 151, an organic insulation
layer 153, a pixel electrode 170 and a lower alignment layer
181. Although the above-described exemplary embodiments
discuss the array substrate 101 as an example, the array sub-
strate 101 could be replaced by a substrate where the branch
electrode portion 173 is formed through the pixel electrode
170.

[0039] A gate metal is deposited on the lower substrate 110
of a glass material or a plastic material and then the gate metal
1s etched, and the gate lines 111 are formed in parallel and in
ahorizontal direction (hereinafter, a second direction D02) of
a unit pixel area.

[0040] The storage line is formed together with the gate
line. The gate insulation layer 121 is formed to cover the gate
lines 111 and the storage lines.

[0041] A semiconductor layer and a source metal layer are
sequentially formed on the gate insulation layer 121, and then
the semiconductor layer and the source metal layer are etched
to form the data lines 131, a source electrode 132, a channel
layer 125 and a drain electrode 135 as shown in FIGS. 1 and
2. The data lines 131 is extended in a vertical direction (here-
inafter, a first direction) D01 of the unit pixel area perpen-
dicular to the second direction D02 on the gate insulation
layer 121.

[0042] The gate lines 111 crosses with the data lines 131 to
define a substantially rectangular area. The pixel electrode
170 is formed on the rectangular area. Thus, the rectangular
area may be defined as the unit pixel area. Alternatively, the
shape of the unit pixel area may be formed into various other
shapes such as a Z-shape, a V-shape, etc.

[0043] The gate electrode 112, the gate insulation layer
121, the channel layer 125, the source electrode 132 and the
drain electrode 135 form the switching element SW that is a
triple terminal element.

[0044] The passivation film 151 is formed to cover the data
line 131, and the organic insulation layer 153 is formed on the
passivation film 151. A contact hole which partially exposes
a portion of the drain electrode 135 is formed through the
organic insulation layer 153 and the passivation film 151. The
organic insulation layer 153 may be omitted.

[0045] The lower polarizing plate 5 may be disposed at a
rear surface of the lower substrate 110. The lower polarizing
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plate 5 may have a first polarization axis P01 which forms an
angle of about 45 degrees with respect to the first direction
Do1.

[0046] FIG. 3 is a plan view illustrating the pixel electrode
170 of FIG. 1.
[0047] Referring to FIGS. 1, 2 and 3, an optically transpar-

ent and electrically conductive material layer such as indium
tin oxide (ITO) and/or indium zinc oxide (IZO) is deposited
on the organic insulation layer 153. The optically transparent
and electrically conductive material layer contacts to the
drain electrode 135 through the contact hole. The optically
transparent and electrically conductive material layer is
etched to form the pixel electrode 170.

[0048] The pixel electrode 170 includes a planar-type elec-
trode portion 171 and a branch electrode portion 173 that are
integrally formed with each other. The planar-type electrode
portion 171 has a rectangular shape that is disposed on the
unit pixel area in parallel with the first direction D01. A slit or
an opening portion is not formed on the planar-type electrode
portion 171. An area in which the planar-type electrode por-
tion 171 is formed is defined as a first area.

[0049] The branch electrode portion 173 is extended from
an edge of the planar-type electrode portion 171 along the first
direction DO1. Thus, the branch electrode portion 173 is
extended in a direction forming an angle of about 45 degrees
with respect to the first polarization axis PO1. Here, a width of
the branch electrode portion 173 may be about 0.5 pm to
about 15 pm, and an interval between the branch electrode
portions 173 may be about 0.5 um to about 15 um. An area on
which the branch electrode portion 173 is formed is defined as
asecond area. The second area is connected to a lower portion
of the first area.

[0050] Thus, the unit pixel area may be divided into a first
area and a second area in which the movements of liquid
crystal 104 are different from each other. The movement of
the liquid crystal molecules 104 may greatly affect a voltage-
transmittance (V-T) graph of the unit pixel area in the second
area at a low gradation, and movement of the liquid crystal
molecules 104 may greatly affecta V-T graph ofthe unit pixel
area in the first area at middle and high gradations. Thus, the
first area is defined as a high area, and the second area is
defined as a low area. In one unit pixel area, a ratio of the
second area to the first area may be about 10% to about 90%.
[0051] A lower alignment layer 181 is formed to cover the
pixel electrode 170. For example, a blend of polymer of a
polyimide-series is deposited on the pixel electrode 170, and
then the blend of polymer is cured and alignment-processed
and the lower alignment layer 181 may be formed.

[0052] The alignment process is a process which predeter-
mines an inclined direction of liquid crystal (FIG. 5, 104)
when an electric field is applied thereto. Here, a rubbing
process is used as an example of the alignment process. Alter-
natively, a rubbing process is not performed and the blend of
polymer is optically aligned, and the alignment process may
be performed. Here, the lower alignment layer 181 is rubbed
(as shown as ‘rub 1°) in the first direction D01. Thus, the first
and second areas are rubbed in the first direction D01.
[0053] FIG.4is aplan view illustrating a rubbing direction
of the opposite substrate 201 of FIG. 2.

[0054] Referring to FIGS. 2 and 4, the opposite substrate
201 may include an upper substrate 210, a light-blocking
pattern 221, a color filter pattern 231, an overcoating layer
241, a common electrode 251 and an upper alignment layer
261.
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[0055] The light-blocking pattern 221 is formed on the
upper substrate 210 in correspondence with the gate line 111,
the data line 131, the switching element SW and the storage
line. Thus, the color filter pattern 231 is formed in accordance
with the unit pixel area where light is not blocked. The color
filter pattern 231 may include, for example, ared filter, a green
filter and a blue filter. The red filter, the green filter and the
blue filter are disposed on each of the unit pixel areas in the
order named in the first direction D01.

[0056] The overcoating layer 241 covers the color filter
pattern 231 and the light-blocking pattern 221. The common
electrode 251 is formed on the overcoating layer 241. A
material of the common electrode 251 is identical to that of
the pixel electrode 170. The common electrode 251 is a pla-
nar-type identical to the planar-type electrode portion 171. A
slit or an opening pottion is not formed through the common
electrode 251.

[0057] The upper alignment layer 261 is formed on the
common electrode 251. A material of the upper alignment
layer 261 is identical to that of the lower alignment layer 181.
The upper alignment layer 261 is rubbed (as shown as ‘rub2”)
in an opposite direction of the first direction DO01. Thus, a
rubbing direction of the array substrate is different from that
of the opposite substrate by about 180 degrees.

[0058] Theupper polarizing plate 7 may be disposed on the
opposite substrate 201. The upper polarizing plate 7 has a
second polarization axis P02 perpendicular to the first polar-
ization axis P01. The liquid crystal layer 103 is disposed
between the lower alignment layer 181 and the upper align-
ment layer 261. The liquid crystal layer includes liquid crystal
molecules 104. The long axes of the liquid crystal molecules
104 are arranged in a vertical direction substantially perpen-
dicular to the array substrate 101 and the opposite substrate
201 before an electric field is applied between the pixel elec-
trode 170 and the common electrode 251. When an electric
field is off due to the rubbing process, the long axes of liquid
crystal molecules 104 may be inclined by an angle of about
0.1 degree to about 2 degrees with respect to the vertical
direction. That is, the liquid crystal molecules 104 may be
aligned to have a pre-tilt angle of about 88 degrees to about
89.9 degrees. Alternatively, the long axes of liquid crystal
molecules 104 may be inclined by an angle of about 0.1
degree to about 10 degrees with respect to the vertical direc-
tion. That is, the liquid crystal molecules 104 may be aligned
to have a pre-tilt angle of about 80 degrees to about 89.9
degrees.

[0059] When the lower alignment layer 181 and the upper
alignment layer 261 are rubbed as described above and the
liquid crystal molecules 104 are aligned in the vertical direc-
tion, it is called a “rubbing vertical alignment (RVA) mode.”
[0060] When an electric field is applied thereto, the long
axes of the liquid crystal molecules 104 are disposed perpen-
dicular to a direction of the electric field. The liquid crystal
molecules 104 may have a negative anisotropy of dielectric
constant.

[0061] FIG.5isaschematic diagram explaining movement
of liquid crystal molecules 104 in accordance with a grada-
tion in a second area of the pixel electrode 170 as described
above with reference to FIG. 3. FIG. 6 is a graph showing
transmittance in accordance with a position along a second
direction D02 in first and second areas of the pixel electrode
as described with reference to FIG. 3.

[0062] In FIG. 6, a curve ‘G8’ represents transmittance
results in accordance with a position from a left side of the
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unit pixel area to the second direction D02 on the first area.
FIG. 6 shows an observation result where a pixel voltage of
about 6V is applied thereto and then is observed after 300 ms,
when a dielectric constant (A€) is about -3.8, an anisotropy
refractive index (An) is about 0.0822, and a ratio of a width
(W) ofthe branch electrode portion 173 to an interval distance
(S) of electrode portions is about 3/4.

[0063] A curve ‘G4’ represents transmittance results in
accordance with a position from a left side of the unit pixel
area to the second direction D02 on the second area. As shown
in FIG. 6, the first area has a relatively uniform luminance
except edges thereof. The second area has a maximum trans-
mittance at a position of the branch electrode portion 173 and
a minimum transmittance between the branch electrode por-
tions 173. As mentioned above, the transmittance of the first
area 1s different from that of the second area, and a difference
of transmittances corresponding to the first and second areas
may be generated in accordance with a gradation. A V-T
graph of the unit pixel area summarizes the results of the
influence of the first area and the second area.

[0064] A direction of incline for the liquid crystal mol-
ecules 104, which is observed in a front of the display device
100, is shown in FIG. 5. The liquid crystal molecules 104 are
vertically aligned in a black state BL.1 when an electric field
1s off. In this state of alignment, the liquid crystal molecules
104 may be observed as having a substantially circular shape
in the first and second areas.

[0065] When the driving signal is applied to the pixel elec-
trode 170 and a full-white state WH1 is realized, the long axes
of the liquid crystal molecules 104 are arranged to be perpen-
dicular to an electric field direction in the first and second
areas. In the first area, the long axes of the liquid crystal
molecules 104 are arranged in parallel with the first direction
D01, which is a direction forming an angle to the first polar-
ization axis P01, in accordance with a rubbing direction. In
the second area, a fringe field is generated between the branch
electrode portions 173 and the fringe field is generated
between the branch electrode portions 173 and the common
electrode 251. In the full-white state WH1, a fringe field to a
second direction D02 perpendicular to the first direction D01
is mainly generated. Thus, in the full-white state WH1, the
long axes of the liquid crystal molecules 104 are arranged in
the first direction D01 in the second area.

[0066] Ina first gray state GR1 between the black state BL.1
and the full-white state WH1, a vertical electric field between
the pixel electrode 170 and the common electrode 251 is low,
and a fringe field between the branch electrode portions 173
and the common electrode 251 is high. Thus, in the first area
in which the planar-type electrode portion 171 is disposed,
the long axes of the liquid crystal molecules 104 are inclined
with respect to the array substrate and are inclined in the first
direction DO1. In the second area, the long axes of the liquid
crystal molecules 104 may be affected by an alignment direc-
tion of a rubbing and the fringe field. As a result, as shown in
FIG. §, the liquid crystal molecules 104 are disposed to form
a first angle that is less than about 45 degrees with respect to
the first polarization axis P01. In a second gray state GR01
between the first gray state GR1 and the full-white state WHI,
the long axes of the liquid crystal molecules 104 are inclined
in the first direction D01 in the first area. In the second area,
the long axes of the liquid crystal molecules 104 are inclined
to form a second angle with respect to a direction of the first
polarization axis P01. The second angle may be greater than
the first angle and less than about 45 degrees.
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[0067] As mentioned above, a third efficiency of the liquid
crystal molecules 104 is controlled in accordance with a
gradation of the branch electrode portions 173. Here, the third
efficiency represents an efficiency in which the long axes of
the liquid crystal molecules 104 are arranged in a direction
forming an angle about 45 degrees or about 135 degrees to the
first polarization axis P01 by an electric field. When the long
axes of the liquid crystal molecules 104 are arranged in a
direction that forms an angle of about 45 degrees or about 135
degrees to the first polarization axis P01, it can be seen that a
maximum luminance is obtained.

[0068] FIG. 7 is a graph showing a relationship between
voltage and transmittance in which the display device 100 as
described above with reference to FIGS. 1 to 5 is observed.
[0069] In FIG. 7, a curve ‘G1’ shows a result of transmit-
tance for an applying voltage when the display device 100 is
viewed at a front side thereof. A curve ‘G3’ shows a result of
transmittance for an applying voltage when the display device
100 is viewed at an upper-side viewing angle. A curve ‘G2’
shows transmittance for applying voltage when the display
device 100 is viewed at a lower-side viewing angle. The
upper-side viewing angle represents an opposite direction of
an inclined direction of the long axes of the liquid crystal
molecules 104, that is, an opposite direction viewing angle of
the first direction D01. The lower-side viewing angle repre-
sents a direction in which the long axes of the liquid crystal
molecules 104 are inclined, that is, the first direction DO1.
[0070] Referring to FIG. 7, the curve ‘G3’ is spaced apart
from the curve ‘G1’ at the upper viewing angle; however, it
can be seen that the curve ‘G3’ is close to the curve ‘G1°.
Thus, an overly white state of the conventional RVA mode at
the upper viewing angle may be prevented.

[0071] It can be seen that the curve ‘G2’ is less than the
curve ‘G1’ at the lower-side viewing angle; however, the
curve ‘G2’ 1s close to the curve ‘G1’, and a gradation inver-
sion corresponding to the curve ‘G2’ is not existed in com-
parison with the curve ‘G1’. Thus, a gradation inversion
corresponding to aconventional RVA mode may be prevented
at a lower-side viewing angle. Therefore, visibility in accor-
dance with a viewing angle at upper and lower sides of the
LCD device may be enhanced. In addition, the liquid crystal
molecules 104 are symmetrically arranged in the second
direction D02 at any gradation. Therefore, a viewing angle of
the second direction D02 is enhanced.

[0072] Thus, according to exemplary embodiments of the
present invention, the visibility of the display device 100 is
enhanced. Moreover, the display device 100 is driven in a VA
mode, and the display device 100 has a high contrast ratio. In
addition, slits of a wide width are not formed through the pixel
and common electrodes 170 and 251, and the display device
100 may have high transmittance in comparison with a PVA
mode LCD device.

[0073] FIG. 8isaplan view illustrating a variation embodi-
ment of the pixel electrode 170 of FIG. 3.

[0074] Referring to FIG. 8, the branch electrode portions
473 may be formed at other edges of the planar-type electrode
portion 471. In FIG. 8, the unit pixel area further includes a
third area connected to an upper of the first area, and the
branch electrode portions 473 may be integrally formed with
the planar-type electrode portion 471 on the second area and
the third area. The branch electrode portion 473 formed on the
second area is defined as a first branch electrode 476, and the
branch electrode portion 473 formed on the third area is
defined as a second branch electrode 475.
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[0075] In this case, the first branch electrode 476 and the
second branch electrode 475 are symmetric with respect to
the first area, and the visibility thereof may be enhanced in
comparison with the pixel electrode 170 of FIGS. 1 and 3.
[0076] FIGS.9 and 10 are plan views respectively illustrat-
ing pixel electrodes 670 and 870 of a display device according
to an exemplary embodiment of the present invention.
[0077] Referring to FIGS. 9 and 10, a display device is
substantially the same as the display device 100 described
above with respect to FIGS. 1 to 7 except that the pixel
electrodes 670 and 870 is in a V-shape. Thus, identical refer-
ence numerals are used in FIGS. 9 and 10 to refer to compo-
nents that are the same or like those shown in FIG. 1to 7.
[0078] Here, a unit pixel area has a substantially V-shape.
Each of symmetric lines of the pixel electrodes 670 and 870 is
disposed in parallel with the first direction D01. Thus, the
planar-type electrode portions 671 and 871 also have a sub-
stantially V-shape. Branch electrode portions 673 and 873 are
respectively extended from edges of the planar-type electrode
portions 671 and 871 in an inverted direction of the first
direction DO1.

[0079] In the pixel electrode 670 as shown in FIG. 9, the
branch electrode portion 673 is extended from an edge of the
planar-type electrode portion 671 in parallel with an inverted
direction of the first direction D01. As a result, in accordance
with a viewing angle, a V-T graph may be varied similar to a
description of FIG. 7.

[0080] In the pixel electrode 870 as shown in FIG. 10, the
branch electrode portion 873 is extended from an edge of the
planar-type electrode portion 871 in an opposite direction of
the first direction D01. In FIG. 10, the branch electrode por-
tion 873 and the first direction D01 form an acute angle that is
less than about 45 degrees. As a result, in accordance with a
viewing angle, a V-T graph may be varied similar to a descrip-
tion of FIG. 7, and a viewing angle may be further increased.
[0081] According to exemplary embodiments of the
present invention, for example, those discussed above with
respect to FIGS. 9 and 10, outer lines of the pixel electrodes
670 and 870 are not perpendicular to the first and second
polarization axes P01 and P2, respectively, to form anangle of
about 45 degrees. Therefore, the generation of textures may
be decreased in comparison with the exemplary embodiments
discussed above with respect to FIGS. 1 and 2.

[0082] FIG. 11 is a plan view illustrating a pixel electrode
1070 of a display device according to an exemplary embodi-
ment of the present invention.

[0083] Referring to FIG. 11, a display device is substan-
tially the same as the display device 100 of FIGS. 1 to 7 except
that the pixel electrode 1070 does not have a planar-type
electrode portion, the lower alignment layer 181 is not rubbed
and an angle between the polarization axis and the branch
electrode portion 1075 is varied. Thus, identical reference
numerals are used in FIG. 11 to refer to components that are
the same or like those shown in FIGS. 110 7.

[0084] Here, the pixel electrode includes a supporting elec-
trode portion 1071 and a branch electrode portion 1075. The
supporting electrode portion 1071 divides a unit pixel area
into two areas, with each area disposed in a second polariza-
tion axis P02. Fach of the branch electrode portions 1075 is
extended from the supporting electrode portion 1071, respec-
tively. The unit pixel area is divided into a left area and a right
area by the supporting electrode portion 1071.

[0085] In the left area, the branch electrode portion 1075
and a first polarization axis P01 form an angle of about 20
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degrees to about 30 degrees in a negative direction. In the
right area, the branch electrode portion 1075 and the first
polarization axis P01 form an angle of about 20 degrees to
about 30 degrees in a positive direction. In this case, the
negative direction may represent a counterclockwise direc-
tion when viewed from a plan view, and the positive direction
may represent a clockwise direction when viewed froma plan
view.

[0086] Here, a rubbing process is not performed at the
lower alignment layer 181; however, a rubbing process is
performed at the upper alignment layer along the second
polarization axis P02. Thus, the long axes of the liquid crystal
molecules 1004 may be affected by a rubbing direction of the
upper alignment layer and the branch electrode portion 1075,
and an alignment direction of the liquid crystal molecules
1004 may be determined. Therefore, when the electric field is
applied to the pixel electrode the liquid crystal molecules
1004 may be directed to an angle between an extending
direction of the branch electrode portion 1075 and the rub-
bing direction Rub2 when viewed on a plan view.

[0087] FIG. 12 is a graph showing transmittance in accor-
dance with a position along a first direction D01 in a left area
of the pixel electrode 1070 when viewed from a plan view of
FIG. 11. FIG. 13 is a graph showing transmittance in accor-
dance with a position along a first direction D01 ina right area
of the pixel electrode 1070 when viewed from a plan view of
FIG. 11.

[0088] InFIGS.12and 13, the starting point corresponds to
the supporting electrode portion 1071, a horizontal axis rep-
resents a distance from the supporting electrode portion 1071
to a left side or a right side, and a vertical axis represents
transmittance. Position-transmittance (P-T) graphs are
shown in FIGS. 12 and 13, which show parameters that are
angles between the branch electrode portion 1075 and the first
polarization axis P01.

[0089] Referring to FIGS. 12 and 13, when an angle form-
ing the branch electrode portion 1075 and the first polariza-
tion axis is about 20 degrees to about 30 degrees, it can be seen
that transmittance is high.

[0090] Here, the branch electrode portion 1075 forms an
angle that is less than about 45 degrees with respect to the first
polarization axis P01. Thus, the long axes of the liquid crystal
molecules 1004 may be affected by forces aligning liquid
crystal molecules in a rubbing direction of the upper align-
ment layer, that is the second polarization axis P02 direction
and an extending direction of the branch electrode portion
1075. As aresult, the long axes of the liquid crystal molecules
1004 are arranged in a direction of about 45 degrees with
respect to the first polarization axis P01 in a full-white state
WHI1.

[0091] In a black state BL1, the long axes of the liquid
crystal molecules 1004 are vertically aligned.

[0092] Ina gray state between the black state BL1 and the
full-white state WHI1, the long axes of the liquid crystal
molecules 1004 are disposed between the first polarization
axis and a first direction D01 forming an angle of about 45
degrees to the first polarization axis P01. Thus, a V-T graph of
the display device has a pattern that is substantially similar to
the graph as described with reference to FIG. 7. Therefore, an
extremely white state may be prevented in an upper-side
viewing angle at a low gradation of the display device, and a
gradation inversion corresponding to a lower-side viewing
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angle may be removed. Accordingly, the display device may
have enhanced visibility, high transmittance and high contrast
ratio.

[0093] FIGS. 14 and 15 are plan views illustrating various
configurations of the pixel electrode 1070 of FIG. 11.
[0094] InFIG. 14, a unitpixel areais divided into a first area
Al and a second area A2 that are serially arranged in the
second polarization axis P02. The pixel electrode 1270
includes a supporting electrode portion 1271 and two branch
electrode portions 1273 and 1275. In the first area Al, the
branch electrode portion 1273 and a first polarization axis
P01 form an angle of about 45 degrees. In the second area A2,
the branch electrode portion 1275 and the first polarization
axis P01 form an angle of about 20 degrees to about 45
degrees.

[0095] InFIG. 15, aunitpixel areais divided into a first area
Al, a second area A2, and a third area A3 that are serially
arranged in the second polarization axis P02. The pixel elec-
trode 1470 includes a supporting electrode portion 1471 and
three branch electrode portions 1473, 1475, and 1477. In the
first area A1, the branch electrode portion 1473 and a first
polarization axis P01 form an angle of about 45 degrees. In
the second area A2 and the third area A3, the branch electrode
portions 1477 and 1475 and the first polarization axis P01
form an angle of about 20 degrees to about 30 degrees.
[0096] An angle between the long axes of the liquid crystal
molecules 1204 and 1404 and the first polarization axis P01 is
varied in accordance with a gradation on the first area, and the
long axes of the liquid crystal molecules 1204 and 1404 and
the first polarization axis P01 form an angle of about 45
degrees in a full-white state WH1, and a maximum luminance
may be obtained.

[0097] An angle between the long axes of the liquid crystal
molecules 1204 and 1404 and the first polarization axis P01
are varied in accordance with a gradation on the second area,
and the long axes of the liquid crystal molecules 1204 and
1404 and the first polarization axis P01 form an angle of no
more than about 45 degrees in a full-white state WHI1.
[0098] Similar results to the V-T graph as described with
reference to FIG. 7 may be obtained by movement of liquid
crystal molecules 1204 and 1404 on the first area. In the
second area, a V-T graph corresponding to the display device
of the present embodiment is further compensated at a low
gradation from movement of the liquid crystal molecules
1204 and 1404, and a result which is close to the curve ‘G1°
as shown in FIG. 7 may be obtained.

[0099] FIG. 16 is a plan view illustrating a pixel electrode
ofadisplay device according to an exemplary embodiment of
the present invention.

[0100] Referring to FIG. 16, the pixel electrode 2470 has a
rectangular shape and includes a planar-type electrode por-
tion 2472, a first branch electrode portion 2474, a second
branch electrode portion 2476 and a third branch electrode
portion 2478. The pixel electrode 2470 may be divided into an
upper area and a lower area, when viewed on a plan view. The
lower area is divided into a first lower area and a second lower
area, when viewed on a plan view. The first lower area is
divided into a left-lower area and a right-lower area, when
viewed on a plan view.

[0101] The planar-type electrode portion 2472 is disposed
on the upper area of the pixel electrode 2470. A slit or an
opening portion is not formed through the planar-type elec-
trode portion 2472. An area in which the planar-type elec-
trode portion 2472 is formed is defined as a first domain area.

Oct. 14,2010

According to an exemplary embodiment of the present inven-
tion, a rubbing direction Rub2 is opposite to a second direc-
tion D02. Thus, the first domain area forms a lower domain by
a rubbing process.

[0102] The first branch electrode portion 2474 is disposed
at the left-lower area of the pixel electrode 2470. A plurality
of slits or a plurality of opening portions is formed through the
first branch electrode portion 2474 along a first direction D01.
The first branch electrode portion 2474 is extended in a direc-
tion forming an angle of about 45 degrees with respect to the
first polarization axis P01. In the first branch electrode portion
2474, a length Is of the slit is about 34.75 uM, a width Ws of
the slit is about 3 um, and an interval Ss between the slits is
about 5 um. An area on which the first branch electrode
portion 2474 is formed is defined as a second domain area.
According to an exemplary embodiment of the present inven-
tion, the rubbing direction Rub2 is opposite to the second
direction D02. Thus, a fringe field is formed by the slits, a
storage common electrode line STL is disposed below the
pixel electrode 2470, and the second domain area may form a
right domain.

[0103] The second branch electrode portion 2476 is dis-
posed at the right-lower area of the pixel area 2470. A plural-
ity of slits or a plurality of opening portions is formed through
the second branch electrode portion 2476 along an opposite
direction of the first direction D01. The second branch elec-
trode portion 2476 is extended in a direction forming an angle
of about 45 degrees with respect to the first polarization axis
P01. In the second branch electrode portion 2476, a length Is
of the slit is about 34.75 pum, a width Ws of the slit is about 3
wm, and aninterval Ss between the slits is about 5 um. An area
on which the second branch electrode portion 2476 is formed
1s defined as a third domain area. According to an exemplary
embodiment of the present invention, the rubbing direction
Rub2 is opposite to the second direction D02. Thus, a fringe
field is formed by the slits, a storage common electrode line
STL is disposed below the pixel electrode 2470, and the third
domain area may form a left domain.

[0104] The third branch electrode portion 2478 is disposed
atthe first lower area of the pixel area 2470. A plurality of slits
or a plurality of opening portions is formed through the third
branch electrode portion 2478 along an opposite direction of
the first direction D01. The third branch electrode portion
2478 is extended in a direction forming an angle of about 45
degrees with respect to the first polarization axis P01. In the
third branch electrode portion 2478, a length 1, of the slit is
about 14 pm, a width W, of the slit is about 3 pm, and an
interval S; between the slits is about 3 pm. An area on which
the third branch electrode portion 2478 is formed is defined as
a fourth domain area. According to an exemplary embodi-
ment of the present invention, the rubbing direction Rub2 is
opposite to the second direction D02. Thus, a fringe field is
formed by the slits, the storage common electrode line STL 1s
disposed below the pixel electrode 2470, and the fourth
domain area may form an upper domain.

[0105] According to an exemplary embodiment of the
present invention, a lower alignment layer (not shown) may
be formed to cover the pixel electrode 2470. For example, a
blend of polymer of a polyimide-series is deposited on the
pixel electrode 2470, and then the blend of polymer is cured
and alignment-processed and the lower alignment layer may
be formed. According to an exemplary embodiment of the
present invention, a rubbing direction Rub2 is an opposite
direction of the second direction D02 when viewed on a plan
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view. A common electrode is formed on an opposite substrate
(e.g., a color filter substrate) opposite to an array substrate in
which the pixel electrode 2470 is formed. The common elec-
trode has a planar shape identical to the planar-type electrode
portion 2472. For example, a slit or an opening portion is not
formed through the common electrode. A rubbing process is
not performed on an opposite substrate opposite to an array
substrate having the pixel electrode 2470 according to an
exemplary embodiment of the present invention.

[0106] As described above, according to an exemplary
embodiment of the present invention, a plurality of slits is
formed through a portion of the pixel electrode of the array
substrate, and then a rubbing process is performed along one
direction to divide the pixel electrode into a rubbing vertical
alignment area and a slit area. A slit pattern is not formed
through the common electrode formed on the opposite sub-
strate opposite to the array substrate, and a rubbing process is
also omitted.

[0107] For example, since a slit is not formed through the
common electrode of the opposite substrate and the rubbing
process is omitted, an azimuthal direction of a liquid crystal
director is determined by force of the slit the array substrate
and rubbing force. Thus, liquid crystal domains may be inde-
pendently realized.

[0108] FIG. 17 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention.

[0109] Referring to FIG. 17, the pixel electrode 2570 has a
rectangular shape to include a planar-type electrode portion
2572, a first branch electrode portion 2574, a second branch
electrode portion 2576 and a third branch electrode portion
2578.InF1G.17, ‘STL2’ denotes a storage common electrode
line. The pixel electrode 2570 having the rectangular shape
may be divided into an upper area and a lower area disposed
below the upper area, when viewed on a plan view. The lower
area is divided into a first lower area and a second lower area
disposed below the first lower area, when viewed on a plan
view. The first lower area is divided into a left-lower area and
a right-lower area, when viewed on a plan view.

[0110] The planar-type electrode portion 2572 is disposed
on the upper area of the pixel electrode 2570. The storage
common electrode line STL2 which overlaps with the planar-
type electrode portion 2572 is disposed below the planar-type
electrode portion 2572. A slit or an opening portion is not
formed through the planar-type electrode portion 2572. An
area in which the planar-type electrode portion 2572 is
formed is defined as a first domain area. According to an
exemplary embodiment of the present invention, a rubbing
direction Rub2 is opposite to a second direction D02. Thus,
the first domain area forms a lower domain by a rubbing
process.

[0111] The first branch electrode portion 2574 is disposed
at the left-lower area of the pixel electrode 2570. The storage
common electrode line STL2 is disposed at an outer side of
the first branch electrode portion 2574. The storage common
electrode line STL2 may partially overlap with the first
branch electrode portion 2574. According to an exemplary
embodiment of the present invention, a width of the storage
common electrode line STL2 corresponding to the first
branch electrode portion 2574 is substantially greater than
that of the storage common electrode line STL2 correspond-
ing to the planar-type electrode portion 2572. A plurality of
slits or a plurality of opening portions is formed through the
first branch electrode portion 2574 in substantially parallel
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with a second direction D02. The first branch electrode por-
tion 2574 is extended in a direction forming an angle of about
45 degrees with respect to the first polarization axis P01. In
the first branch electrode portion 2574, alength Is of the slit is
about 34.75 um, a width Ws of the slit is about 3 pm, and an
interval Ss between the slits is about 5 um. An area on which
the first branch electrode portion 2574 is formed is defined as
a second domain area. According to an exemplary embodi-
ment of the present invention, the rubbing direction Rub2 is
opposite to the second direction D02. Thus, a fringe field is
formed by the slits, the storage common electrode line STL.2
is disposed below the pixel electrode 2570, and the second
domain area may form a right domain.

[0112] The second branch electrode portion 2576 is dis-
posed at the right-lower area of the pixel area 2570. The
storage common electrode line STL2 is disposed at an outer
side of the second branch electrode portion 2576. The storage
common electrode line STL.2 may partially overlap with the
second branch electrode portion 2576. According to an exem-
plary embodiment of the present invention, a width of the
storage common electrode line STL2 corresponding to the
second branch electrode portion 2576 is substantially greater
than that of the storage common electrode line STL2 corre-
sponding to the planar-type electrode portion 2572. A plural-
ity of slits or a plurality of opening portions is formed through
the second branch electrode portion 2576 in substantially
parallel with the second direction D02. The second branch
electrode portion 2576 is extended in a direction forming an
angle of about 45 degrees with respect to the first polarization
axis P01. In the second branch electrode portion 2576, a
length Is of the slit is about 34.75 pm, a width Ws of the slit is
about 3 pm, and an interval Ss between the slits is about 5 um.
An area on which the second branch electrode portion 2576 is
formed is defined as a third domain area. According to an
exemplary embodiment of the present invention, the rubbing
direction Rub2 is opposite to the second direction D02. Thus,
a fringe field is formed by the slits, a storage common elec-
trode line STL2 is disposed below the pixel electrode 2570,
and the third domain area may form a left domain.

[0113] The third branch electrode portion 2578 is disposed
at the second lower area of the pixel area 2570. The storage
common electrode line STL2 is disposed at an outer side of
the third branch electrode portion 2578. The storage common
electrode line STL2 may partially overlap with the third
branch electrode portion 2578. A plurality of slits or a plural-
ity of opening portions is formed through the third branch
electrode portion 2578 in substantially parallel with the first
direction DO01. The third branch electrode portion 2578 is
extended in a direction forming an angle of about 45 degrees
with respect to the first polarization axis P01. In the third
branch electrode portion 2578, alength I, of the slit is about
14 um, awidth W, of the slitis about 3 um, and an interval S;
between the slits is about 3 um. An area on which the third
branch electrode portion 2578 is formed is defined as a fourth
domain area. According to an exemplary embodiment of the
present invention, the rubbing direction Rub2 is opposite to
the second direction D02. Thus, a fringe field is formed by the
slits, the storage common electrode line STL2 is disposed
below the pixel electrode 2570, and the fourth domain area
may form an upper domain.

[0114] As described above, according to an exemplary
embodiment of the present invention, the storage common
electrode line STL2 is exposed to an external side of the pixel
electrode 2570 when viewed from a plan view of the first to
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third branch electrode portions 2574, 2576 and 2578. Thus, a
fringe field may be minimized. Moreover, the storage com-
mon electrode line STL2 is overlapped with the pixel elec-
trode 2570 when viewed from a plan view of the planar-type
electrode portion 2572. Thus, a fringe field may be mini-
mized.

[0115] FIG. 18 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention.

[0116] Referring to FIG. 18, the pixel electrode 2670 has a
rectangular shape to include a planar-type electrode portion
2672, a first branch electrode portion 2674 and a second
branch electrode portion 2676. The pixel electrode 2670 hav-
ing the rectangular shape may be divided into an upper area
and a lower area contacting with the upper area, when viewed
on a plan view. The lower area is divided into a left-lower area
and a right-lower area, when viewed on a plan view.

[0117] The planar-type electrode portion 2672 is disposed
on the upper area of the pixel electrode 2670. A slit or an
opening portion is not formed through the planar-type elec-
trode portion 2672. An area in which the planar-type elec-
trode portion 2672 is formed is defined as a first domain area.
According to an exemplary embodiment of the present inven-
tion, a rubbing direction Rub2 is opposite to a second direc-
tion D02. Thus, the first domain area forms a lower domain by
a rubbing process.

[0118] The first branch electrode portion 2674 is disposed
at the left-lower area of the pixel electrode 2670. A plurality
of slits or a plurality of opening portions is formed through the
first branch electrode portion 2674 in substantially parallel
with a second direction D02. The first branch electrode por-
tion 2674 is extended in a direction forming an angle of about
45 degrees with respect to the first polarization axis P01. In
the first branch electrode portion 2674, a length Is of the slit is
about 34.75 um, a width Ws of the slit is about 3 um, and an
interval Ss between the slits is about 5 pm. An area on which
the first branch electrode portion 2674 is formed is defined as
a second domain area. According to an exemplary embodi-
ment of the present invention, the rubbing direction Rub2 is
opposite to the second direction D02. Thus, a fringe field is
formed by the slits, a storage common electrode line STL is
disposed below the pixel electrode 2670, and the second
domain area may form a right domain.

[0119] The second branch electrode portion 2676 is dis-
posed at the right-lower area of the pixel area 2670. A plural-
ity ofslits or a plurality of opening portions is formed through
the second branch electrode portion 2676 in substantially
parallel with a second direction D02. The second branch
electrode portion 2676 is extended in a direction forming an
angle of about 45 degrees with respect to the first polarization
axis PO1. In the second branch electrode portion 2676, a
length Is of the slit is about 34.75 pm, a width Ws of the slit is
about 3 pm, and an interval Ss between the slits is about 5 um.
An area on which the second branch electrode portion 2676 is
formed is defined as a third domain area. According to an
exemplary embodiment of the present invention, the rubbing
direction Rub2 is opposite to the second direction D02. Thus,
a fringe field is formed by the slits, a storage common elec-
trode line STL is disposed below the pixel electrode 2670, and
the third domain area may form a left domain.

[0120] According to an exemplary embodiment of the
present invention, a planar-type electrode portion and a
branch electrode portion may be formed to define three-do-
mains so as to enhance transmittance. The planar-type elec-
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trode portion 2672 defines a first domain, the first branch
electrode portion 2674 defines a second domain, and the
second branch electrode portion 2676 defines a third domain.
[0121] In an exemplary embodiment of the present inven-
tion, it is described that a ratio of an area corresponding to the
planar-type electrode portion 2672 and an area corresponding
to the first and second branch electrode portions 2674 and
2676 is substantially equal to each other. Alternatively, a ratio
of an area corresponding to the planar-type electrode portion
2672 and an area corresponding to the first and second branch
electrode portions 2674 and 2676 may be different from each
other. For example, an area corresponding to the planar-type
electrode portion 2672 may be greater than an area corre-
sponding to the first and second branch electrode portions
2674 and 2676. Alternatively, an area corresponding to the
planar-type electrode portion 2672 may be smaller than an
area corresponding to the first and second branch electrode
portions 2674 and 2676. For example, a ratio of an area
corresponding to the first and second branch electrode por-
tions 2674 and 2676 may be about 10% to about 70% within
the pixel electrode 2670.

[0122] FIG. 19 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention.

[0123] Referring to FIG. 19, the pixel electrode 2770 has a
rectangular shape to include a planar-type electrode portion
2772, a first branch electrode portion 2774 and a second
branch electrode portion 2776. The pixel electrode 2770 hav-
ing the rectangular shape may be divided into a middle area,
aleft area contacting with a left portion of the middle area and
aright area contacting with a right portion of the middle area,
when viewed on a plan view.

[0124] The planar-type electrode portion 2772 is disposed
on the middle area of the pixel electrode 2770. A slit or an
opening portion is not formed through the planar-type elec-
trode portion 2772. An area in which the planar-type elec-
trode portion 2772 is formed is defined as a first domain area.
According to an exemplary embodiment of the present inven-
tion, a rubbing direction Rub?2 is opposite to a second direc-
tion D02. Thus, the first domain area forms a lower domain by
a rubbing process.

[0125] The first branch electrode portion 2774 is disposed
at the left-lower area of the pixel electrode 2770. A plurality
of slits or a plurality of opening portions is formed through the
first branch electrode portion 2774. The first branch electrode
portion 2774 is extended in a direction forming an angle of
about 45 degrees with respect to the first polarization axis
P01. In the first branch electrode portion 2774, a length Is of
the slit is about 34.75 pm, a width Ws of the slit is about 3 pum,
and an interval Ss between the slits is about 5 pum. An area on
which the first branch electrode portion 2774 is formed is
defined as a second domain area. According to an exemplary
embodiment of the present invention, the rubbing direction
Rub2 is opposite to the second direction D02. Thus, a fringe
field is formed by the slits, a storage common electrode line
STL is disposed below the pixel electrode 2770, and the
second domain area may form a right domain.

[0126] The second branch electrode portion 2776 is dis-
posed at the right-lower area of the pixel area 2770. A plural-
ity of slits or a plurality of opening portions is formed through
the second branch electrode portion 2776 along a second
direction D02. The second branch electrode portion 2776 is
extended in a direction forming an angle of about 45 degrees
with respect to the first polarization axis P01. In the second
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branch electrode portion 2776, a length is of the slit is about
34.75 um, a width W' of the slit is about 3 um, and an interval
Ss between the slits is about 5 um. An area on which the
second branch electrode portion 2776 is formed is defined as
a third domain area. According to an exemplary embodiment
of the present invention, the rubbing direction Rub2 is oppo-
site to the second direction D02. Thus, a fringe field is formed
by the slits, a storage common electrode line STL is disposed
below the pixel electrode 2770, and the third domain area may
form a left domain.

[0127] FIG. 20 is a plan view illustrating a pixel electrode
of adisplay device according to an exemplary embodiment of
the present invention.

[0128] Referring to FIG. 20, the pixel electrode 2870 has a
rectangular shape to include a planar-type electrode portion
2872, a first branch electrode portion 2874 and a second
branch electrode portion 2876. The pixel electrode 2870 hav-
ing a rectangular shape may be divided into an upper area and
a lower area contacting with the upper area, when viewed on
a plan view. The lower area is divided into a left-lower area
and a right-lower area contacting with the left-lower area,
when viewed on a plan view.

[0129] The planar-type electrode portion 2872 is disposed
on the upper area of the pixel electrode 2870. A slit or an
opening portion is not formed through the planar-type elec-
trode portion 2872. An area in which the planar-type elec-
trode portion 2872 is formed is defined as a first domain area.
According to an exemplary embodiment of the present inven-
tion, a rubbing direction Rub2 is opposite to a second direc-
tion D02. Thus, the first domain area forms a lower domain by
a rubbing process.

[0130] The first branch electrode portion 2874 is disposed
at the left-lower area of the pixel electrode 2870. A plurality
of slits or a plurality of opening portions is formed through the
first branch electrode portion 2874 in substantially parallel
with a crossing direction crossing a second direction D02 by
a predetermined angle. The first branch electrode portion
2874 is extended in a direction forming an angle 8s of about
10 degrees to about 40 degrees with respect to the first polar-
ization axis PO1. In the first branch electrode portion 2874, a
length is of the slit is about 34.75 pm, a width Ws of the slit is
about 3 pm, and an interval Ss between the slits is about 5 pm.
An area on which the first branch electrode portion 2874 is
formed is defined as a second domain area. According to an
exemplary embodiment of the present invention, the rubbing
direction Rub2 is opposite to the second direction D02. Thus,
a fringe field is formed by the slits, a storage common elec-
trode line STL is disposed below the pixel electrode 2870, and
the second domain area may form a right domain.

[0131] The second branch electrode portion 2876 is dis-
posed at the right-lower area of the pixel area 2870. A plural-
ity ofslits or a plurality of opening portions is formed through
the second branch electrode portion 2876 in substantially
parallel with a second direction D02. The second branch
electrode portion 2876 is extended in a direction forming an
angle of about 45 degrees with respect to the first polarization
axis P01. In the second branch electrode portion 2876, a
length is of the slit is about 34.75 pm, a width Ws of the slit is
about 3 pm, and an interval Ss between the slits is about 5 pum.
An area on which the second branch electrode portion 2876 is
formed is defined as a third domain area. According to an
exemplary embodiment of the present invention, the rubbing
direction Rub2 is opposite to the second direction D02. Thus,
a fringe field is formed by the slits, a storage common elec-
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trode line STL2 is disposed below the pixel electrode 2870,
and the third domain area may form a left domain.

[0132] Conventionally, a domain is formed in accordance
with force by slit and force by a rubbing. Thus, in an exem-
plary embodiment of the present invention, width and interval
of left and right slits, a length of the left and right slits, an
angle of the left and right slits, etc., may be varied in accor-
dance with a rubbing force. For example, a slit width and an
interval of left and right slit and a lower slit may be formed to
have about 2 um to about 8 pm in accordance with the rubbing
force. A length of the lower slit may be about 25 pm. More-
over, adirection ofleft and right slits may be inclined by about
120 degrees at a vertical direction of a rubbing direction in
accordance with a rubbing force.

[0133] Accordingly, the display device of an RVA mode
may have enhanced visibility, a high contrast ratio and high
transmittance. Thus, exemplary embodiments of the present
invention may enhance the display quality of an RVA mode
display device in which a manufacturing process may be
simple.

[0134] The foregoing is illustrative of exemplary embodi-
ments of the present invention and is not to be construed as
limiting.

What is claimed is:

1. A display device comprising:

a lower polarizing plate having a first polarization axis;

an array substrate disposed on the lower polarizing plate,
the array substrate comprising:

a pixel electrode having a planar-type electrode portion
and a plurality of branch electrode portions extended
from the planar-type electrode portion in a first direc-
tion, the first direction being at an angle between 45
degrees and 90 degrees with respect to the first polar-
ization axis; and

a lower alignment layer formed on the pixel electrode
and aligned in the first direction;

an opposite substrate comprising:

a planar-type common electrode facing the pixel elec-
trode; and

an upper alignment layer formed on the common elec-
trode and aligned in an opposite direction of the first
direction;

a liquid crystal layer disposed between the array substrate
and the opposite substrate having liquid crystal mol-
ecules that are vertically arranged when an electric field
is off, and

an upper polarizing plate disposed on the opposite sub-
strate having a second polarization axis substantially
perpendicular to the first polarization axis.

2. The display device of claim 1, wherein the first direction
is at an angle of 45 degrees with respect to the first polariza-
tion axis.

3. The display device of claim 1, wherein the lower align-
ment layer is rubbed in a first rubbing direction and the upper
alignment layer is rubbed in an opposite direction of the first
rubbing direction.

4. The display device of claim 1, wherein the liquid crystal
layer comprises nematic liquid crystal molecules of which a
long axis is arranged in a direction perpendicular to a direc-
tion of the electric field when the electric field is applied
thereto.

5. The display device of claim 4, wherein the liquid crystal
molecules is aligned to have a pre-tilt angle of about 80
degrees to about 89.9 degrees.
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6. The display device of claim 1, wherein the branch elec-
trode portions are extended from an edge of the planar-type
electrode portion in parallel with the first direction.

7. The display device of claim 1, wherein the branch elec-
trode portions include:

aplurality of first branch electrodes extended from an edge
in an opposite direction of the first direction; and

a plurality of second branch electrodes extended from the
edge in parallel with the first direction.

8. The display device of claim 1, wherein the planar-type
electrode portion has a V-shape, and the branch electrode
portions are extended from an edge of the planar-type elec-
trode portion along a direction opposite to the first direction.

9. The display device of claim 8, wherein the branch elec-
trode portions are extended from the edge of the planar-type
electrode portion in an angle between the first direction and
the first polarization axis.

10. The display device of claim 1, wherein the array sub-
strate further comprises:

a signal line delivering a driving signal to the pixel elec-

trode; and

a switching element electrically connecting to the signal
line and the pixel electrode.

11. A display device comprising:

a lower polarizing plate having a first polarization axis;

an array substrate disposed on the lower polarizing plate,
the array substrate comprising:

a pixel electrode having a plurality of branch electrode
portions that is extended in a direction that is between
a first direction of 45 degrees with respect to the first
polarization axis, and a direction of the first polariza-
tion axis; and

a lower alignment layer formed on the pixel electrode;
and

an opposite substrate comprising:

a planar-type common electrode facing the pixel elec-
trode; and

an upper alignment layer formed on the common elec-
trode and aligned in a second polarization axis direc-
tion perpendicular to the first polarization axis;

a liquid crystal layer disposed between the array substrate
and the opposite substrate having liquid crystal mol-
ecules that are vertically arranged when an electric field
is off; and

an upper polarizing plate disposed on the opposite sub-
strate having the second polarization axis.

12. The display device of claim 10, wherein the lower

alignment layer is not rubbed, and

when an electric field is applied to the pixel electrode, the
liquid crystalmolecules are directed to an angle between
an extending direction of the branch electrode portions
and the rubbing direction of the upper alignment layer
when viewed on a plan view.

13. The display device of claim 10, wherein an extending
direction of the branch electrode portions and the first polar-
ization axis form a first angle of no less than 20 degrees and no
more than 30 degrees.

14. The display device of claim 13, wherein the liquid
crystal layer comprises nematic liquid crystal molecules
which are aligned substantially perpendicularto a direction of
the electric field when the electric field is applied thereto.
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15. The display device of claim 13, wherein the branch
electrode portions are symmetric with respect to two sides of
the second polarization axis within a unit pixel area wherein
the pixel electrode is disposed.

16. The display device of claim 15, wherein the unit pixel
area comprises a plurality of sub-areas, and the branch elec-
trode portions and the first polarization axis form different
angles within at least two sub-areas of the sub-areas.

17. The display device of claim 16, wherein the branch
electrode portions are arranged at the first angle within a first
sub-area, of the sub-areas, of the unit pixel area, and are
disposed on a second sub-area, of the sub-areas, which con-
tacts a lower portion of the first sub-area along the second
polarization axis direction and forms a second angle, with
respect to the first polarization axis, that is greater than the
first angle.

18. The display device of claim 17, wherein the branch
electrode portions are disposed to form a third angle, with
respect to the first polarization axis, that is greater than the
first angle at a third sub-area, of the sub-areas, which contacts
an upper portion of the first sub-area along the second polar-
ization axis direction.

19. A display device comprising:

a lower polarizing plate having a first polarization axis;

an array substrate disposed on the lower polarizing plate,
the array substrate comprising:

a pixel electrode having a planar-type electrode portion
and a plurality of branch electrode portions extended
from the planar-type electrode portion in a first direc-
tion, the first direction being at an acute angle with
respect to the first polarization axis; and

a lower alignment layer formed on the pixel electrode,
aligned in the first direction, and rubbed in a first
rubbing direction;

an opposite substrate comprising:

a planar-type common electrode facing the pixel elec-
trode; and

an upper alignment layer formed on the common elec-
trode, aligned in an opposite direction of the first
direction, and rubbed in a second rubbing direction
opposite to the first rubbing direction;

a liquid crystal layer disposed between the array substrate
and the opposite substrate having liquid crystal mol-
ecules that are vertically arranged when an electric field
1s off; and

an upper polarizing plate disposed on the opposite sub-
strate having a second polarization axis substantially
perpendicular to the first polarization axis.

20. The display device of claim 19, wherein the planar-type
electrode portion has a V-shape, and the branch electrode
portions are extended from an edge of the planar-type elec-
trode portion along a direction opposite to the first direction.

21. The display device of claim 20, wherein the branch
electrode portions are extended from the edge of the planar-
type electrode portion in an angle between the first direction
and the first polarization axis.

22. The display device of claim 19, wherein the branch
electrode portions is extended from an edge of the planar-type
electrode portion in parallel with the first direction.
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