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(57) ABSTRACT

A liquid crystal display device includes first and second
substrates facing and spaced apart from each other, each of
the first and second substrates having a first sub-pixel region,
a second sub-pixel region, a third sub-pixel region, a fourth
sub-pixel region and a fifth sub-pixel region for adjusting a
viewing angle, the first, second, third and fourth sub-pixel
regions surrounding the fifth sub-pixel region; a liquid
crystal layer between the first and second substrates; a
plurality of first pixel electrodes in each of the first, second,
third and fourth sub-pixel regions on the first substrate; a
plurality of first common electrodes in each of the first,
second, third and fourth sub-pixel regions on the first
substrate, the plurality of first common electrodes alternat-
ing with the plurality of first pixel electrodes; a second pixel
electrode in the fifth sub-pixel region on the first substrate;
and a second common electrode in the fifth sub-pixel region
on the second substrate, the second common electrode
facing the second pixel electrode.

DL1

410

TN\
N~

N

SP3

LL_J_____é.__-__l_L____JK___



Patent Application Publication  Jul. 5,2007 Sheet 1 of 6 US 2007/0153197 A1

120
) 100 > 130
; < : )
\ | o
] |
112 114
(related art)

FIG. 1



US 2007/0153197 A1

T m I/_
= |
i 1 1
I3V ' i o
' ' “‘\‘ : [75]
' |
| i I
o HimlE | N
(- T t (4 V]
: NiE — T
o . T ! '
Nt ! !
: Al . -
W i N T~} 1
=] " o 1
179} ! ) ! !
1 1
| ! —J
—~ 2\\._,:/ ) ! n\_\\JG
Vo] —~
% sV 1 J"\I\ m ]
= | _ .
v ! ! ! _
— i |
= ! ! _
= ‘ ; “ o
! i T
| " - S
s 1 T
g Y =l
- )3 [
a _ L) [ V4 _
[#] e e e e e e i e e e o <y
— ' . / 1 |
= m_u\u_'l “ ; T\\_|/T
& v B !
[} H N \ 1
m ' I S — |/ ||||||||||||||||||||||||||||||||||||||||| I |
= _ J _
< ! 1
m \ / I
= or-r 4 — — {_—_§© 11
o
-
~—
=
[=P]
~—
&
-

FIG. 2

(related art)



Patent Application Publication  Jul. 5,2007 Sheet 3 of 6 US 2007/0153197 A1

[ /

& Mg |

(related art)
FIG. 3



Patent Application Publication  Jul. 5,2007 Sheet 4 of 6 US 2007/0153197 A1

_L_J_I\E

/
|
\i/SPZ
|
Il
10
|
I SP3
i
‘ |
o~ I
%‘ ____________ H — i



Patent Application Publication  Jul. 5,2007 Sheet 5 of 6 US 2007/0153197 A1

Veom2

) /WWW)%//WWW/

et

MR

)

CF1

AN
NN\

Veom2

CF4 CF3

N %\\\N&\
§&\\\\

N

) | i

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

)
FIG. 4B

==
N



Patent Application Publication  Jul. 5,2007 Sheet 6 of 6 US 2007/0153197 A1

.\ T 1 \ ] \ \ :
: aa
4604 : o o 42 412 \}4 ’_V\Ci—;i_/—%_;

| . T\ — =

Sl d T ‘ S =\ t "
RT 452 452 D2 Veom! 410
\ SP4 vsp
14 arh v
FIG. 5
ON state

VA /N
AR /Y
TN

N
N Yl

0% —
-80 -60 -40 -20 0 -20  -40 -60 -80
Viewing Angle

FIG. 6

~—]

Transmittance




US 2007/0153197 A1l

LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

[0001] This application claims the benefit of Korean
Patent Application No. 10-2005-0132797, filed on Dec. 29,
2005, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the present invention relates to a
liquid crystal display (LCD) device, and more particularly,
to an LCD device having an adjustable viewing angle and a
method of driving the LCD device. Embodiments of the
present invention are suitable for a wide scope of applica-
tions. In particular, an embodiment of the present invention
is suitable for providing an adjustable viewing angle for a
sub-pixel region of an LCD.

[0004] 2. Discussion of the Related Art

[0005] 1In general, a liquid crystal display (LCD) device
relies on an optical anisotropy and a polarizability of liquid
crystal molecules to produce an image. The optical anisot-
ropy of liquid crystal molecules causes a refraction of light
incident onto the liquid crystal molecules in accordance with
an alignment direction of the liquid crystal molecules.
Liquid crystal molecules are aligned in specific directions
due to their long, thin shape. The alignment direction of the
liquid crystal molecules can be controlled by applying an
electric field thereto. Among LCD devices, active matrix
liquid crystal display (AMLCD) devices have thin film
transistors (TFTs) and pixel electrodes connected to the
TFTs in a matrix arrangement. AMLCD devices have been
widely used because of their high resolution and superiority
in displaying moving images.

[0006] A twisted nematic (TN) mode LCD device includes
a first substrate having a pixel electrode, a second substrate
having a color filter layer and a common electrode, and a
liquid crystal layer interposed between the first and second
substrates. Liquid crystal molecules in the liquid crystal
layer are driven by a vertical electric field generated between
the pixel electrode and the common electrode. Accordingly,
the TN mode LCD device has high transmittance and wide
aperture ratio. However, the TN mode LCD device has a
relatively narrow viewing angle. An in-plane switching
(IPS) mode LCD device has been suggested to overcome the
problem of the narrow viewing angle suffered by the TN
mode LCD device.

[0007] FIG. 1 is a cross-sectional view of an IPS mode
LCD device according to the related art. As shown in FIG.
1, an IPS mode LCD device includes a first substrate 110, a
second substrate 120 and a liquid crystal layer 130 between
the first and second substrates 110 and 120. A pixel electrode
112 and a common electrode 114 are formed on the first
substrates 110. A voltage difference is applied between the
pixel electrode 112 and the common electrode 114 to align
the liquid crystal molecules in the liquid crystal layer 130.
The aligned liquid crystal molecules are arranged along a
horizontal electric field 100 generated between the pixel
electrode 112 and the common electrode 114. The viewing
angle increases because the variation in refractive index with
respect to the viewing angle is relatively small.

[0008] FIG. 2 is a schematic plane view of an array
substrate for an IPS mode LCD device according to the
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related art. Referring to FIG. 2, a gate line GL and a data line
DL are formed on a substrate. The gate line GL crosses the
data line DL to define a sub-pixel region “SP.” A common
line “Vcom” is formed to be parallel to and spaced apart
from the gate line “GL.” A switching element, such as a thin
film transistor (TFT) “T.” is connected to the gate line GL
and the data line “DL.” A plurality of common electrodes
252 and a plurality of pixel electrodes 212 are formed in the
sub-pixel region “SP.” The plurality of common electrodes
252 extend from the common line “Vcom™ and are parallel
to the data line “DL.” The plurality of pixel electrodes 212
extend from an extension line 220 connected to the TFT “T”
and alternate with the plurality of common electrodes 252.
Gap portions 290 between the pixel electrodes 212 and the
common electrode 252 correspond to a substantial aperture
region where liquid crystal molecules are driven by a
horizontal electric field.

[0009] As shown in FIG. 2, the pixel electrode 212 and the
common electrode 252 of the related art IPS mode LCD
device have a straight bar shape. Such a shape of the pixel
electrode 212 and the common electrode 252 produces a
mono-domain structure causing shortcomings of the IPS
mode LCD device, such as a gray level inversion. An IPS
mode LCD device having zigzag-shaped electrodes has been
suggested to surmount the shortcomings.

[0010] FIG. 3 is a schematic plane view of an array
substrate having a zigzag shaped electrode for an IPS mode
LCD device according to the related art. Referring to FIG.
3, a pixel electrode 212 and a common electrode 252 have
a zigzag shape having at least one bent portion. Not shown
in FIG. 3, the data line DL may have a zigzag shape
corresponding to the pixel electrode 212 and the common
electrode 252. When a voltage is applied to the pixel
electrode 212 and the common electrode 252, liquid crystal
molecules are re-aligned along at least two directions due to
the zigzag shape of the pixel electrode 212 and the common
electrode 252. Accordingly, the IPS mode LCD device may
have a multi-domain structure. In the multi-domain struc-
ture, a color shift phenomenon is reduced and gray level
inversion is improved. As a result, the IPS mode I.CD device
has a relatively wide viewing angle allowing many users to
concurrently view the displayed images.

[0011] However, some applications require a narrow
viewing angle for the displayed images to be viewable by a
limited number of users, for example, a single user. For
example, an LCD device may be used as a display in an
internet banking environment and in an automatic teller
machine. In such circumstances, it is desirable that the
displayed images could only viewed by a customer standing
within a restricted viewing angle of the display and not by
people standing or passing by to protect the customer for
eventual prying eyes. A side viewing angle of the LCD
device can be adjusted using a filter. However, using a filter
for adjusting the side viewing angle complicates the fabri-
cation process for the LCD device, and increases power
consumption and fabrication cost.

SUMMARY OF THE INVENTION

[0012] Accordingly, embodiments of the present invention
are directed to a liquid crystal display device and a method
of driving the same that substantially obviate one or more of
the problems due to limitations and disadvantages of the
related art.
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[0013] An object of an embodiment of the present inven-
tion is to provide an adjustable viewing angle for a liquid
crystal display device without using a filter.

[0014] Another object of an embodiment of the present
invention is to provide a method of driving a liquid crystal
display device having an adjustable viewing angle without
using a filter.

[0015] Another object of an embodiment of the present
invention is to provide a symmetrically adjustable viewing
angle for a liquid crystal display device without using a
filter.

[0016] Another object of an embodiment of the present
invention is to provide a method of driving a liquid crystal
display device having a symmetrically adjustable viewing
angle without using a filter.

[0017] Another object of an embodiment of the present
invention is to reduce a flicker in a liquid crystal display
device.

[0018] Another object of an embodiment of the present
invention is to provide a method of driving a liquid crystal
device to reduce a flicker in the liquid crystal display device.
[0019] Additional features and advantages of the inven-
tion will be set forth in the description of exemplary embodi-
ments which follows, and in part will be apparent from the
description of the exemplary embodiments, or may be
learned by practice of the exemplary embodiments of the
invention. These and other advantages of the invention will
be realized and attained by the structure particularly pointed
out in the written description of the exemplary embodiments
and claims hereof as well as the appended drawings.
[0020] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
device includes first and second substrates facing and spaced
apart from each other, each of the first and second substrates
having a first sub-pixel region, a second sub-pixel region, a
third sub-pixel region, a fourth sub-pixel region and a fifth
sub-pixel region for adjusting a viewing angle, the first,
second, third and fourth sub-pixel regions surrounding the
fifth sub-pixel region; a liquid crystal layer between the first
and second substrates; a plurality of first pixel electrodes in
each of the first, second, third and fourth sub-pixel regions
on the first substrate; a plurality of first common electrodes
in each of the first, second, third and fourth sub-pixel regions
on the first substrate, the plurality of first common electrodes
alternating with the plurality of first pixel electrodes; a
second pixel electrode in the fifth sub-pixel region on the
first substrate; and a second common electrode in the fifth
sub-pixel region on the second substrate, the second com-
mon electrode facing the second pixel electrode.

[0021] In another aspect, a liquid crystal display device
includes first and second substrates facing each other; a
liquid crystal layer between the first and second substrates;
a plurality of first pixel electrodes in corresponding first
sub-pixel regions of an inner surface of the first substrate; a
plurality of first common electrodes on the inner surface of
the first substrate, the plurality of first common electrodes
alternating with the plurality of first pixel electrodes for
generating a substantially horizontal electric field between
the plurality of first pixel electrodes and the plurality of first
common electrodes in the corresponding first sub-pixel
regions; a second pixel electrode in a second sub-pixel
region of inner surface of the first substrate; and a second
common electrode on an inner surface of the second sub-

Jul. 5, 2007

strate, the second common electrode facing the second pixel
electrode for generating a substantially vertical electric field
between the second pixel electrode and the second common
electrode in the second sub-pixel region, wherein the second
sub-pixel region is centrally located with respect to the
plurality of first sub-pixel regions.

[0022] In another aspect, a method is provided for driving
a liquid crystal display device including first and second
substrates facing each other, a liquid crystal layer between
the first and second substrates, a plurality of first pixel
electrodes in corresponding first sub-pixel regions of an
inner surface of the first substrate, a plurality of first com-
mon electrodes on the inner surface of the first substrate, the
plurality of first common electrodes alternating with the
plurality of first pixel electrodes, a second pixel electrode in
a second sub-pixel region of inner surface of the first
substrate, and a second common electrode on an imner
surface of the second substrate, the second common elec-
trode facing the second pixel electrode, wherein the second
sub-pixel region is centrally located with respect to the
plurality of first sub-pixel regions; the method includes
applying a first common voltage to the plurality of first
common electrodes to generate a substantially horizontal
electric field between the plurality of first pixel electrodes
and the plurality of first common electrodes in the corre-
sponding first sub-pixel regions; and applying a second
common voltage to the second common electrode to genet-
ate a substantially vertical electric field between the second
pixel electrode and the second common electrode in the
second sub-pixel region.

[0023] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The accompanying drawings, which are included
to provide a further understanding of embodiments of the
present invention and are incorporated in and constitute a
part of this application, illustrate embodiments of the present
invention and together with the description serve to explain
the principle of embodiments of the present invention. In the
drawings:

[0025] FIG. 1 is a cross-sectional view of an IPS mode
LCD device according to the related art;

[0026] FIG. 2 is a schematic plane view of an array
substrate for an IPS mode LCD device according to the
related art;

[0027] FIG. 3 is a schematic plane view of an array
substrate having a zigzag shaped electrode for an IPS mode
LCD device according to the related art;

[0028] FIG. 4A shows a schematic plane view of exem-
plary sub-pixel regions in a first substrate of an LCD device
according to an embodiment of the present invention;
[0029] FIG. 4B shows a schematic plane view of exem-
plary sub-pixel regions in a second substrate of an LCD
device according to an embodiment of the present invention;
[0030] FIG. 5A is a schematic cross-sectional view along
line V-V' of FIGS. 4A and 4B of an exemplary sub-pixel
region of an LCD device according to an embodiment of the
present invention; and
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[0031] FIG. 6 is a graph illustrating an operation of an
exemplary sub-pixel region for adjusting a viewing angle of
an LCD device according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0032] Reference will now be made in detail to exemplary
embodiments of the present invention, which are illustrated
in the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or similar parts.

[0033] FIG. 4A shows a schematic plane view of exem-
plary sub-pixel regions in a first substrate of an LCD device
according to an embodiment of the present invention. FIG.
4B shows a schematic plane view of exemplary sub-pixel
regions in a second substrate of an LCD device according to
an embodiment of the present invention. FIG. 5A is a
schematic cross-sectional view along line V-V' of FIGS. 4A
and 4B of an exemplary sub-pixel region of an LCD device
according to an embodiment of the present invention. Refer-
ring to FIGS. 4A , 4B and 5, an LCD device includes a first
substrate 410 and a second substrate 450 facing and spaced
apart from each other. A liquid crystal layer 460 is formed
between the first and second substrates 410 and 450. A
plurality of gate lines GL, a plurality of first common lines
Vceoml, a plurality of first data lines DL1 and a plurality of
second data lines DL2 are formed on an inner surface of the
first substrate 410. Each of the plurality of gate lines GL is
parallel to and spaced apart from the plurality of first
common lines Veoml1. Each of the plurality of first data lines
DL1 is parallel to and spaced apart from the plurality of
second data lines DL2. For example, the plurality of gate
lines GL may alternate with the plurality of first common
lines Vcom1. Similarly, the plurality of first data lines DL.1
may alternate with the plurality of second data lines DL2.

[0034] The plurality of gate lines GL cross the plurality of
data lines DL to define a plurality of sub-pixel regions in a
matrix arrangement. The sub-pixel regions are grouped into
pixel regions for displaying images. A pixel region of the
LCD device may include five or more adjacent sub-pixel
regions. For example, a pixel region may include a first color
sub-pixel region SP1, a second color sub-pixel region SP2,
a third color sub-pixel region SP3, a fourth color sub-pixel
region SP4, and a viewing angle adjusting sub-pixel region
VSP.

[0035] The first, second, third and fourth color sub-pixel
regions SP1, SP2, SP3 and SP4 are disposed in two-by-two
matrix and the viewing angle adjusting sub-pixel region VSP
is disposed at a central portion of the two-by-two matrix. For
example, the viewing angle adjustment sub-pixel region
VSP is disposed at or near a crossing of one of the plurality
of first common line Vcoml1 and the one of the plurality of
second data line DL2. Accordingly, the first, second, third
and fourth color sub-pixel regions SP1, SP2, SP3 and SP4
surround the viewing angle adjusting sub-pixel region VSP,
and the sub-pixel region VSP is centrally adjacent to each of
the first, second, third and fourth color sub-pixel regions
SP1, SP2, SP3 and SP4. Since the viewing angle adjusting
sub-pixel region VSP is disposed at a center portion of the
first, second, third and fourth color sub-pixel regions SP1,
SP2, SP3 and SP4, the sub-pixel region VSP can symmetri-
cally restrict the viewing angle in the first, second, third and
fourth color sub-pixel regions SP1, SP2, SP3 and SP4.
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[0036] A switching device, such as a thin film transistor
(TFT) “T.” is formed in each of the color sub-pixel region.
The TFT “T” is connected to one of the gate lines GL and
one of the first data lines DL1. A plurality of first pixel
electrodes 412 is formed in each of the first, second, third
and fourth color sub-pixel regions SP1, SP2, SP3 and SP4.
Each of the plurality of first pixel electrodes 412 is con-
nected to the TFT “T” in the corresponding color sub-pixel
region. Moreover, a plurality of first common electrodes 452
is formed in each of the first, second, third and fourth color
sub-pixel regions SP1, SP2, SP3 and SP4. Each of the
plurality of first common electrodes 452 is connected to a
corresponding one of the first common lines Vcoml. In
addition, the first common electrodes 452 alternate with first
pixel electrodes 412.

[0037] Inan embodiment of the present invention, the first
pixel electrodes 412 and the first common electrodes 452
may have a zigzag shape having at least one bent portion to
form a multi-domain structure. In another embodiment of
the present invention, the first pixel electrodes 412 and the
first common electrodes 452 can have a straight bar shape.
In yet another embodiment of the present invention, the data
lines DL1 and DL2 can also have a zigzag shape corre-
sponding to the first pixel electrode 412 and the first com-
mon electrode 452.

[0038] In an embodiment of the present invention, the
plurality of first common lines Vcom1 can be formed in a
different layer from the plurality of first pixel electrodes 412.
The plurality of first common lines Veoml can also be
formed of a different material from the plurality of first pixel
electrodes 412. In another embodiment of the present inven-
tion, the plurality of first common lines Vcoml can be
formed in a same layer as the plurality of first pixel elec-
trodes 412. In yet another embodiment, the plurality of first
commor lines Veoml can also be formed of a same material
as the plurality of first pixel electrodes 412.

[0039] A second pixel electrode 414 is formed in the
viewing angle adjusting sub-pixel region VSP. The second
pixel electrode 414 can have plate shape. The second pixel
electrode 414 is connected to the second data line DL2. The
viewing angle adjusting sub-pixel region VSP is substan-
tially defined by the second pixel electrode 414. Each of the
first, second, third and fourth color sub-pixel regions SP1,
SP2, SP3 and SP4 are substantially formed by an area
defined by the crossing of the gate line GL, the first common
line Vcoml, the first data line DL1 and the second data line
DL2, and excluding the viewing angle adjusting sub-pixel
region VSP. Accordingly, each of the first, second, third and
fourth color sub-pixel regions SP1, SP2, SP3 and SP4 may
have a substantially pentagonal shape and the viewing angle
adjusting sub-pixel region “VSP” may have a substantially
lozenge or diamond shape.

[0040] A black matrix BM corresponding to the gate line
GL, the first data line DL1 and the TFT “T” are formed on
an inner surface of the second substrate 450. A color filter
layer including first, second, third and fourth color filters
CF1, CF2, CF3 and CF4 is formed on the black matrix BM
and the inner surface of the second substrate 450 in open
portions of the black matrix BM. The first, second, third and
fourth color filters CF1, CF2, CF3 and CF4 are formed in the
first, second, third and fourth color sub-pixel regions SP1,
SP2, SP3 and SP4, respectively. For example, the first,
second, third and fourth color filters CF1, CF2, CF3 and CF4
may correspond to red, green, blue and white filters. Since
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the pixel region includes the fourth sub-pixel region SP4
displaying a white image, brightness of the LCD device is
improved.

[0041] A plurality of second common lines Vcom?2 are
formed on the inner surface of the second substrate 450. In
an embodiment of the present invention, the plurality of
second common lines Vcom2 may be formed in two cross-
ing directions to have a mesh shape as shown in FIG. 4B. In
another embodiment of the present invention, the plurality
of second common lines Vcom2 may be formed along a
single direction. For example, the plurality of second com-
mon lines Vcom2 may be formed along the gate line GL for
reducing a parasitic capacitance between the second com-
mon line Veom2 and the second data line DL2. A second
common electrode 454 having a plate shape is formed in the
viewing angle adjusting sub-pixel region VSP on the inner
surface of the second substrate 450. The second common
electrode 454 is connected to the plurality of second com-
mon lines Veom?2.

[0042] As shown in FIG. 5, the LCD device may further
include first and second polarizing plates 472 and 474
formed on outer surfaces of the first and second substrates
410 and 450, respectively. Transmission axes of the first and
second polarizing plates 472 and 474 may cross each other.
For example, the transmission axes of the first and second
polarizing plates 472 and 474 may be about 0° and about
90°, respectively, with respect to a direction parallel to the
gate line GL. Further, the liquid crystal layer may be aligned
such that initial alignment directions at bottom and top
portions of the liquid crystal layer 400 are opposite to each
other. For example, the initial alignment directions at the top
and bottom portions of the liquid crystal layer 400 may be
about 90° and about 270°, respectively, with respect to a
direction parallel to the gate line GL.

[0043] An exemplary operation of the liquid crystal layer
460 in each sub-pixel region can be described as follows. In
each of the first, second, third and fourth color sub-pixel
regions SP1, SP2, SP3 and SP4, the TET “T” is turned on by
a gate signal through the gate line GL. Then, a first data
signal is transmitted from the first data line DL1 to the
plurality of first pixel electrodes 412 through the TFT “T.”
A first common voltage is applied to the plurality of first
common electrodes 452 through the first common line
Veoml. Accordingly, the liquid crystal layer 460 in the first,
second, third and fourth color sub-pixel regions SP1, SP2,
SP3 and SP4 is re-aligned by a horizontal electric field
generated between the first pixel electrode 412 and the first
common electrode 452 while the TFT “T” is turned on,
thereby displaying images having a relatively wide viewing
angle.

[0044] In the viewing angle adjusting sub-pixel region
VSP, a second data signal is applied to the second pixel
electrode 414 during an ON state and not applied to the
second pixel electrode 414 during an OFF state of the
sub-pixel region VSP. A second common voltage is applied
to the second common electrode 454 through the second
common line Vcom2. During the ON state of the sub-pixel
region VSP, the liquid crystal layer in the viewing angle
adjusting sub-pixel region VSP is re-aligned by a vertical
electric field generated between the second pixel electrode
414 and the second common electrode 454. Accordingly, the
transmittance of the liquid crystal layer 460 in the viewing
angle adjusting sub-pixel region VSP approaches about 0%
along a normal direction of the LCD device and increases
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with the viewing angle to be parallel to an oblique direction
with respect to the normal direction. During the OFF state of
the sub-pixel region VSP, the transmittance of the liquid
crystal layer 460 approaches about 0% along all directions.
Accordingly, the liquid crystal layer 460 in the viewing
angle adjusting sub-pixel region VSP restrict the viewing
angle of the LCD device during the ON state of the sub-pixel
region VSP, and does not restrict the viewing angle of the
LCD device during the OFF state of the sub-pixel region
VSP. Accordingly, the viewing angle of the LCD device is
adjusted by the viewing angle adjusting sub-pixel region
VSP. The first and second data signals can be different from
each other, and the first and second common voltages can
also be different from each other.

[0045] FIG. 6 is a graph illustrating an operation of an
exemplary sub-pixel region for adjusting a viewing angle of
an LCD device according to an embodiment of the present
invention. As shown in FIG. 6, when the viewing angle
adjusting sub-pixel region VSP is in the OFF state, the
transmittance of the liquid crystal layer 460 in the sub-pixel
region VSP is very low, for example close to or about 0%
along all viewing angles. When the viewing angle adjusting
sub-pixel region VSP is in the ON state, the transmittance of
the liquid crystal layer 460 in the sub-pixel region VSP is
close to or about 0% along a front direction of the LCD
device and increases with the viewing angle increases
obliquely with respect to the front direction. The front
direction can be, for example, a normal direction to the first
and second substrates 410 and 450.

[0046] Accordingly, when the viewing angle adjusting
sub-pixel region VSP is in the OFF state, it does not
contribute to displaying images and the LCD device displays
images visible to several users using the first to fourth color
sub-pixel regions SP1, SP2, SP3 and SP4. In addition, when
the sub-pixel region VSP is in the ON state, it displays a
white image in the oblique direction with respect to the front
direction. Since the white image prevent the first to fourth
color sub-pixel regions SP1, SP2, SP3 and SP4 from dis-
playing images along the oblique direction, the viewing
angle of the LCD device along the oblique direction is
restricted and the LCD device displays images for a user
positioned in front of the LCD device.

[0047] In another embodiment of the present invention,
the LCD device may include an additional thin film tran-
sistor (TFT) in the viewing angle adjusting sub-pixel region
VSP. The additional TFT may switch the second data signal
and may be connected to an additional gate line supplying an
additional gate signal.

[0048] When an area of the viewing angle adjusting sub-
pixel region VSP is small compared with a total area of the
pixel region, including sub-pixel regions SP1, SP2, SP3 and
SP4, the white image along the oblique direction is too weak
to restrict the viewing angle of the LCD device. In addition,
when the area of the viewing angle adjusting sub-pixel
region VSP is large compared with a total area of the pixel
region, the white image along the oblique direction becomes
so strong that color reproducibility of the LCD device is
reduced. Accordingly, a ratio of the area of the viewing angle
adjusting sub-pixel region VSP to the total area of the pixel
region, including the sub-pixel regions SP1, SP2, SP3, SP4
and VSP, is within a range of about 10% to about 50% to
obtain optimum color reproducibility and sufficient capabil-
ity of adjusting a viewing angle.
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[0049] 1In the LCD device, a first pixel voltage of the first
pixel electrode 412 may be reduced due to a parasitic
capacitance between a gate electrode and a drain electrode
of the corresponding TFT “T” and a capacitance between the
first pixel electrode 412 and the first common electrode 452
when the TFT “T” is turned off. The variation in the first
pixel voltage is referred to as a kickback voltage and may
cause deterioration such as flicker. The flicker is improved
by adjusting a common voltage applied to the first common
electrode 452.

[0050] In the LCD device, each of the first to fourth color
sub-pixel regions SP1, SP2, SP3 and SP4 may have a
different electrode structure from the sub-pixel region VSP.
Accordingly, the first pixel voltage variation AVpl1 in each
of the first to third color sub-pixel regions SP1, SP2 and SP3
can be different from a second pixel voltage variation AVp2
in the sub-pixel region VSP. In an embodiment of the present
invention, different common voltages can be applied to each
of the first to fourth color sub-pixel regions SP1, SP2, SP3
and SP4 and to the viewing angle adjusting sub-pixel region
VSP to reduce the flicker in each of the sub-pixel regions
SP1, SP2, SP3, SP4 and VSP.

[0051] In accordance with an embodiment of the present
invention, the viewing angle is adjusted using an additional
sub-pixel region that displays a white image along an
oblique direction with respect to a front direction of the LCD
device. Moreover, the brightness of the LCD device is
improved due to the additional fourth color sub-pixel region.
In addition, the flickers due to the pixel voltage variation in
the color sub-pixel region driven by an horizontal electric
field and in the viewing angle adjusting region driven by a
vertical electric field are individually reduced by applying
different common voltages to the color sub-pixel region and
the viewing angle adjusting region, respectively. Accord-
ingly, the LCD device displays images of high display
quality with a switchable viewing angle. In addition, since
the viewing angle adjusting pixel region VSP is disposed at
a center portion of the first, second, third and fourth color
sub-pixel regions, the viewing angle is symmetrically
restricted in the first, second, third and fourth color sub-pixel
regions. In addition, the flickers due to the pixel voltage
variation in the color sub-pixel region driven by the hori-
zontal electric field and in the viewing angle adjusting
region driven by the vertical electric field are individually
improved by applying the different common voltages to the
color sub-pixel region and the viewing angle adjusting
region, respectively. Accordingly, the LCD device displays
images of high display quality with a switchable viewing
angle.

[0052] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device and method of driving the same
of embodiments of the present invention. Thus, it is intended
that embodiments of the present invention cover the modi-
fications and variations of the embodiments described herein
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

first and second substrates facing and spaced apart from
each other, each of the first and second substrates
having a first sub-pixel region, a second sub-pixel
region, a third sub-pixel region, a fourth sub-pixel
region and a fifth sub-pixel region for adjusting a
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viewing angle, the first, second, third and fourth sub-
pixel regions surrounding the fifth sub-pixel region;

a liquid crystal layer between the first and second sub-
strates;

a plurality of first pixel electrodes in each of the first,
second, third and fourth sub-pixel regions on the first
substrate;

a plurality of first common electrodes in each of the first,
second, third and fourth sub-pixel regions on the first
substrate, the plurality of first common electrodes alter-
nating with the plurality of first pixel electrodes;

a second pixel electrode in the fifth sub-pixel region on
the first substrate; and

a second common electrode in the fifth sub-pixel region
on the second substrate, the second common electrode
facing the second pixel electrode.

2. The device of claim 1, wherein the first, second, third
and fourth sub-pixel regions are disposed in a two-by-two
matrix, and the fifth sub-pixel region is disposed at a
substantially central portion of the two-by-two matrix.

3. The device of claim 1, wherein the liquid crystal layer
in each of the first, second, third and fourth sub-pixel regions
is driven by a horizontal electric field between the first pixel
electrode and the first common electrode, and the liquid
crystal layer in the fifth sub-pixel region is driven by a
vertical electric field between the second pixel electrode and
the second common electrode.

4. The device of claim 1, wherein a transmittance of the
fifth sub-pixel region is about 0% along a normal direction
of the second substrate, and the transmittance of the fifth
sub-pixel region increases in accordance with a viewing
angle with respect to the normal direction.

5. The device of claim 4, wherein the transmittance of the
fifth sub-pixel region has a maximum value when the
viewing angle is about 60° with respect to the normal
direction.

6. The device of claim 1, wherein the first, second, third
and fourth sub-pixel regions display red, green, blue and
white images, respectively.

7. The device of claim 1, wherein a ratio of an area of the
fifth sub-pixel region to a total area of the first, second, third,
fourth and fifth sub-pixel region is within a range of about
10% to about 50%.

8. The device of claim 1, further comprising:

a gate line, a first common line, a first data line and a
second data line on the first substrate, the gate line
alternating with the first common line and the first data
line alternating with the second data line, the gate line
and the first common line cross the first and second data
lines;

a second common line on the second substrate; and

a thin film transistor connected to the gate line and the first
data line.

9. The device of claim 8, wherein initial alignment
directions of the liquid crystal layer at the first and second
substrates are about 90° and about 270°, respectively, with
respect to a direction parallel to the gate line.

10. The device of claim 8, further comprising first and
second polarizing plates on outer surfaces of the first and
second substrates, respectively.

11. The device of claim 10, wherein transmission axes of
the first and second polarizing plates are about 0° and about
90°, respectively, with respect to a direction parallel to the
gate line.
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12. The device of claim 8, wherein each of the plurality
of first pixel electrodes and the plurality of first common
electrodes has a bar shape, and each of the second pixel
electrode and the second common electrode has a plate
shape corresponding to a crossing of the first common line
and the second data line.

13. The device of claim 12, wherein each of the plurality
of first pixel electrodes and the plurality of first common
electrodes has a zigzag shape having at least one bent
portion.

14. The device of claim 8, wherein the first pixel elec-
trodes are connected to the thin film transistor, and the
second pixel electrode is connected to the second data line.

15. The device of claim 8, further comprising first,
second, third and fourth color filters in the first, second, third
and fourth sub-pixel regions, respectively, on the second
substrate.

16. The device of claim 1, wherein a first common voltage
is applied to the plurality of first common electrodes, and a
second common voltage different from the first common
voltage is applied to the second common electrode.

17. A liquid crystal display device, comprising:

first and second substrates facing each other;

a liquid crystal layer between the first and second sub-
strates;

a plurality of first pixel electrodes in corresponding first
sub-pixel regions of an inner surface of the first sub-
strate:

a plurality of first common electrodes on the inner surface
of the first substrate, the plurality of first common
electrodes alternating with the plurality of first pixel
electrodes for generating a substantially horizontal
electric field between the plurality of first pixel elec-
trodes and the plurality of first common electrodes in
the corresponding first sub-pixel regions;

a second pixel electrode in a second sub-pixel region of
inner surface of the first substrate; and

a second common electrode on an inner surface of the
second substrate, the second common electrode facing
the second pixel electrode for generating a substantially
vertical electric field between the second pixel elec-
trode and the second common electrode in the second
sub-pixel region, wherein the second sub-pixel region
is centrally located with respect to the plurality of first
sub-pixel regions.

18. The liquid crystal device of claim 17, wherein a first
common voltage is applied to the plurality of first common
electrodes, and a second common voltage different from the
first common voltage is applied to the second common
electrode.
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19. The liquid crystal device of claim 17, wherein a
transmittance of the liquid crystal layer in the second
sub-pixel region increases in accordance with a viewing
angle in an oblique direction.

20. The liquid crystal device of claim 17, wherein a
transmittance of the liquid crystal layer in the second
sub-pixel region is substantially low in accordance with a
wide viewing angle.

21. The liquid crystal device of claim 17, wherein the
second sub-pixel region transmits a white light through the
liquid crystal layer in an oblique direction.

22. The liquid crystal device of claim 17, wherein each of
the plurality of first pixel electrodes has a bar shape.

23. The liquid crystal device of claim 17, wherein each of
the plurality of first pixel electrodes has a zigzag shape.

24. The liquid crystal device of claim 12, wherein the
second pixel electrode has a plate shape.

25. The liquid crystal device of claim 24, wherein the
second pixel electrode has a lozenge shape.

26. A method of driving a liquid crystal display device
including first and second substrates facing each other, a
liquid crystal layer between the first and second substrates,
a plurality of first pixel electrodes in corresponding first
sub-pixel regions of an inner surface of the first substrate, a
plurality of first common electrodes on the inner surface of
the first substrate, the plurality of first common electrodes
alternating with the plurality of first pixel electrodes, a
second pixel electrode in a second sub-pixel region of inner
surface of the first substrate, and a second common electrode
on an inner surface of the second substrate, the second
common electrode facing the second pixel -electrode,
wherein the second sub-pixel region is centrally located with
respect to the plurality of first sub-pixel regions, the method
comprising:

applying a first common voltage to the plurality of first

common electrodes to generate a substantially horizon-
tal electric field between the plurality of first pixel
electrodes and the plurality of first common electrodes
in the corresponding first sub-pixel regions; and

applying a second common voltage to the second com-
mon electrode to generate a substantially vertical elec-
tric field between the second pixel electrode and the
second common electrode in the second sub-pixel
region.
27. The method of claim 26, wherein the first common
voltage is different from the second common voltage.
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