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(57) ABSTRACT

A liquid crystal display device includes first and second
substrates facing each other, a layer of liquid crystal mol-
ecules interposed between the first and second substrates, a
plurality of color displaying sub-pixels including first, sec-
ond and third sub-pixels defined on the first and second
substrates, first common electrodes in the first, second and
third sub-pixels on the first substrate, first pixel electrodes in
the first, second and third sub-pixels on the first substrate
and alternately arranged with the first common electrodes,
color filter layers in the first, second and third sub-pixels on
the second substrate, a plurality of viewing angle restricting
sub-pixels including fourth, fifth and sixth sub-pixels
defined on the first and second substrates, the fourth, fifth
and sixth sub-pixels corresponding one-to-one with the first,
second and third sub-pixels, second pixel electrodes in the
fourth, fifth and sixth sub-pixels on the first substrate, and
second common electrodes in the fourth, fifth and sixth
sub-pixels on the second substrate.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

[0001] The present application claims the benefit of
Korean Patent Application No. 10-2005-0133550 filed in
Korea 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 invention relates to a display
device, and more particularly, to a liquid crystal display
device and a method of driving the same. Although embodi-
ments of the invention are suitable for a wide scope of
applications, they are particularly suitable for restricting
viewing angle.

[0004] 2. Discussion of the Related Art

[0005] Generally, a liquid crystal display (LCD) includes
a first substrate, a second substrate, and a layer of liquid
crystal molecules. The first and second substrates face each
other and are spaced apart from each other. The layer of
liquid crystal molecules is interposed therebetween. The
LCD device uses optical anisotropy and polarization prop-
erties of liquid crystal molecules to display images.

[0006] The liquid crystal molecules have orientation char-
acteristics resulting from their thin long shape. Thus, an
arrangement direction of the liquid crystal molecules can be
controlled by applying an electrical field across the liquid
crystal molecules. A thin film transistor (TFT) can be used
as a switching element to control application of the electric
field. An LCD device using a TFT is referred to as an active
matrix LCD (AM-LCD) device, which has excellent char-
acteristics of high resolution and being able to smoothly
display moving images.

[0007] A related art LCD device includes a first substrate,
a second substrate and a layer of liquid crystal molecules.
The first substrate includes a pixel electrode, and the second
substrate includes a color filter layer and a common elec-
trode. The first and second substrates face each other, and the
layer of liquid crystal molecules is interposed therebetween.
The related art LCD device displays images using a vertical
electric field between the pixel and common electrodes. The
LCD device using the vertical electric field has a high
transmittance and a high aperture ratio.

[0008] The LCD device using the vertical electric field has
the problems of narrow viewing angle and low contrast ratio.
To resolve the above-mentioned problems, new display
devices, such as an in-plane switching (IPS) mode LCD
device, a vertical alignment (VA) mode LCD device and a
fringe field switching mode L.CD device can be used instead
of a vertical electric field LCD. These LCD devices are
explained in reference to FIGS. 1 to 3.

[0009] FIG. 1 is a cross-sectional view of an IPS mode
LCD device according to the related art. As shown in FIG.
1, the IPS mode LCD device includes first and second
substrates 10 and 20 and a layer of liquid crystal molecules
30 interposed therebetween. The first substrate 10 includes
pixel and common electrodes 12 and 14 such that a hori-
zontal electric field 40 is induced between the pixel and
common electrodes 12 and 14 using voltages applied to the
pixel and common electrodes 12 and 14. The IPS mode LCD
device uses the horizontal electric field 40 to display images.
Since there is little variance in the refractive index of the
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liquid crystal molecules in the light transmission path while
switching the IPS mode LCD device, a wide viewing angle
is maintained.

[0010] FIG. 2 is a cross-sectional view of a VA mode LCD
device according to the related art. As shown in FIG. 2, the
VA mode LCD device includes first and second substrates 10
and 20 and a layer of liquid crystal molecules 30 interposed
therebetween. The pixel and common electrodes 12 and 24
are formed on the first and second substrates 10 and 20,
respectively. A pixel electrode slit 12¢ and a common
electrode slit 14a are formed on the pixel and common
electrodes 12 and 24, respectively. An electric field 50
induced between the pixel and common electrodes 12 and 24
is distorted by the pixel electrode slit 12¢ and the common
electrode slit 14a such that first and second oblique electric
fields 50a and 505 are formed. As a result, the VA mode
LCD device has two domains that result in a wide viewing
angle.

[0011] FIG. 3 is a cross-sectional view of an FES mode
LCD device according to the related art. As shown in FIG.
3, the FES mode LCD device includes first and second
substrates 10 and 20 and a layer of liquid crystal molecules
30 interposed therebetween. The common electrode 14, a
gate insulating layer 16 and a plurality of pixel electrodes 12
having a bar shape are sequentially formed on the first
substrate 10. The common electrode 14 is formed over the
entire surface of the first substrate 10. The plurality of pixel
electrodes 12 are separated from each other. The gate
insulating layer 16 between the common electrode 14 and
the pixel electrodes 12 prevents a short between the common
and pixel electrodes 14 and 12. Since the pixel and common
electrodes 12 and 14 are formed on the first substrate and of
different layers, a fringe field 60 is formed between the pixel
and common electrodes 12 and 14. The fringe field 60 has
a reverse U-shape. Since the reverse U-shape has a flat top
portion, the FES mode LCD device functions like the VA
mode LCD device so as to have a wide viewing angle.
[0012] The above-mentioned LCD devices having a wide
viewing angle that also resolves the problems of color shift
and gray inversion at side viewing angles. A wide viewing
angle is useful in that many users at different viewing angles
can observe the same image. However, there are situations
in which only one viewer should see the image. For
example, a person using an automatic teller machine should
be the only person able to view the image. In this case, the
viewing angle should restricted. A method of restricting the
viewing angle with a filter has been used in the past.
However, the filter method increases production time and
production costs of the LCD device as well as dims the
brightness of the display.

SUMMARY OF THE INVENTION

[0013] Accordingly, embodiments of the invention are
directed to a liquid crystal display device that substantially
obviates one or more of the problems due to limitations and
disadvantages of the related art.

[0014] An object of the present invention is to provide a
liquid crystal display device that selectively restricts view-
ing angle.

[0015] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
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attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0016] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, a liquid crystal
display device includes first and second substrates facing
each other, a layer of liquid crystal molecules interposed
between the first and second substrates, a plurality of color
displaying sub-pixels including first, second and third sub-
pixels defined on the first and second substrates, first com-
mon electrodes in the first, second and third sub-pixels on
the first substrate, first pixel electrodes in the first, second
and third sub-pixels on the first substrate and alternately
arranged with the first common electrodes, color filter layers
in the first, second and third sub-pixels on the second
substrate, a plurality of viewing angle restricting sub-pixels
including fourth, fifth and sixth sub-pixels defined on the
first and second substrates, the fourth, fifth and sixth sub-
pixels corresponding one-to-one with the first, second and
third sub-pixels, second pixel electrodes in the fourth, fifth
and sixth sub-pixels on the first substrate, and second
common electrodes in the fourth, fifth and sixth sub-pixels
on the second substrate.

[0017] In another aspect of embodiments of the invention,
a liquid crystal display device includes first and second
substrate facing each other, a layer of liquid crystal mol-
ecules interposed between the first and second substrates, a
plurality of color displaying sub-pixels including first, sec-
ond and third sub-pixels and defined on the first and second
substrates, first pixel electrodes in the first, second and third
sub-pixels on the first substrate, color filter layers in the first,
second and third sub-pixels on the second substrate, first
common electrodes on the color filter layers, first and second
slits on the first pixel electrodes and the first common
electrodes, respectively, a plurality of viewing angle restrict-
ing sub-pixels including fourth, fifth and sixth sub-pixels
and defined on the first and second substrates, the fourth,
fifth and sixth sub-pixels corresponding one-to-one with the
first, second and third sub-pixels, second pixel electrodes in
the first, second and third viewing angle restricting sub-
pixels on the first substrate, second common electrodes in
the fourth, fifth and sixth sub-pixels on the second substrate,
and third and fourth slits in the second pixel electrodes and
the second common electrodes, respectively, wherein the
first and second slits are alternately arranged with and
parallel to each other, and wherein the third and fourth slits
are alternately arranged with and parallel to each other.

[0018] In another aspect of embodiments of the invention,
a method of driving a liquid crystal display device including
first, second and third color displaying sub-pixels and first,
second and third viewing angle restricting sub-pixels,
wherein the first, second and third color displaying sub-
pixels correspond to one-to-one with the first, second and
third viewing angle restricting sub-pixels, and wherein the
first, second and third color displaying sub-pixels includes
first and second electrodes, and the first, second and third
viewing angle restricting sub-pixels includes third and
fourth electrodes, includes applying first and second volt-
ages to the first and second electrodes in each of the first,
second and third color displaying sub-pixels and third and
fourth voltages to the third and fourth electrodes in each of
the first, second and third viewing angle restricting sub-
pixels, wherein the third and fourth voltages are same as
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each other; and applying fifth and sixth voltages to the first
and second electrodes in each of the first, second and third
color displaying sub-pixels and seventh and eighth voltages
to the third and fourth electrodes in each of the first, second
and third viewing angle restricting sub-pixels, wherein the
third and fourth voltages are different from each other.
[0019] In another aspect of embodiments of the invention,
amethod of driving a liquid crystal display device including
first, second and third color displaying sub-pixels and first,
second and third viewing angle restricting sub-pixels,
wherein the first, second and third color displaying sub-
pixels correspond to one-to-one with the first, second and
third viewing angle restricting sub-pixels, and wherein the
first, second and third color displaying sub-pixels includes
first and second electrodes, and the first, second and third
viewing angle restricting sub-pixels includes third, fourth
and fifth electrodes, includes applying first and second
voltages to the first and second electrodes in each of the first,
second and third color displaying sub-pixels and third and
fourth voltages to the third and fourth electrodes in each of
the first, second and third viewing angle restricting sub-
pixels, wherein the third and fourth voltages correspond to
the first and second voltages, respectively; and applying fifth
and sixth voltages to the first and second electrodes in each
of the first, second and third color displaying sub-pixels and
seventh and eighth voltages to the third and fifth electrodes
in each of the first, second and third viewing angle restrict-
ing sub-pixels, wherein the third and fourth voltages are
different from each other.

[0020] 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

[0021] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0022] In the drawings:

[0023] FIG. 1 is a cross-sectional view of an IPS mode
LCD device according to the related art;

[0024] FIG. 2is a cross-sectional view of a VA mode LCD
device according to the related art;

[0025] FIG. 3 is a cross-sectional view of an FES mode
LCD device according to the related art;

[0026] FIGS. 4A and 4B are plane views showing an array
substrate and a color filter substrate for a viewing angle
restricting LCD device according to a first exemplary
embodiment of the invention, respectively;

[0027] FIG. 5 is a cross-sectional view taken along line
V-V of FIGS. 4A and 4B;

[0028] FIG. 6 is a graph showing a light transmittance
property in a viewing angle restricting sub-pixel of a view-
ing angle restricting LCD device according to embodiments
of the invention;

[0029] FIGS. 7A and 7B show properties of color lumi-
nance and a gray level in a color displaying sub-pixel of a
viewing angle restricting LCD device according to embodi-
ments of the invention;

[0030] FIGS. 7C and 7D show properties of color lumi-
nance and a gray level in a color displaying sub-pixel and a
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viewing angle restricting sub-pixel of a viewing angle
restricting LCD device according to embodiments of the
invention;

[0031] FIGS. 8Ato 8C are plane views showing a viewing
angle restricting LCD device according to second to fourth
exemplary embodiments of the invention;

[0032] FIGS. 9A and 9B are plane views showing an array
substrate and a color filter substrate for a viewing angle
restricting LCD device according to a fifth exemplary
embodiment of the invention, respectively;

[0033] FIG. 10 is a cross-sectional view taken along line
X-X of FIGS. 9A and 9B;

[0034] FIGS. 11A and 11B are plane views showing an
array substrate and a color filter substrate for a viewing angle
restricting LCD device according to a sixth exemplary
embodiment of the invention, respectively; and

[0035] FIG. 12 is a cross-sectional view taken along line
XII-XTI of FIGS. 11A and 11B.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0036] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0037] FIGS. 4A and 4B are plane views respectively
showing an array substrate and a color filter substrate for a
viewing angle restricting LCD device according to a first
exemplary embodiment of the invention and FIG. 5 is a
cross-sectional view taken along line V-V of FIGS. 4A and
4B.FIG. 6 is a graph showing a light transmittance property
in a viewing angle restricting sub-pixel of a viewing angle
restricting LCD device according to embodiments of the
invention.

[0038] As shown in FIGS. 4A, 4B and 5, a viewing angle
restricting LCD device according to embodiments of the
invention includes first and second substrates 110 and 150
and a layer of liquid crystal molecules 130 interposed
therebetween. A unit pixel, which includes first to third color
displaying sub-pixels CSP1, CSP2 and CSP3 and first to
third viewing angle restricting sub-pixels VSP1, VSP2 and
VSP3, is defined on the first and second substrates 110 and
150. The first to third color displaying sub-pixels CSP1,
CSP2 and CSP3 correspond one-to-one with the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3.
The first to third color displaying sub-pixels CSP1, CSP2
and CSP3 are sequentially arranged as a column in the unit
pixel, and the first to third viewing angle restricting sub-
pixels VSP1, VSP2 and VSP3 are sequentially arranged in
a second column in the unit pixel.

[0039] The first substrate 110 includes gate lines GL, data
lines DL, and thin film transistors (TFTs) T. The gate and
data lines GL and DL cross each other to define each
sub-pixel CSP1, CSP2, CSP3, VSP1, VSP2 and VSP3. The
TFTs T are respectively formed in each sub-pixel CSP1,
CSP2, CSP3, VSP1, VSP2 and VSP3 and connected to the
gate and data lines GL and DL. The second substrate 150
includes a black matrix BM corresponding to the gate and
data lines GL and DL, and the TFT T.

[0040] A firstcommon line Vom1, first common electrodes
152 and first pixel electrodes 112 are formed in the first to
third color displaying sub-pixels CSP1, CSP2 and CSP3 on
the first substrate 110. The first common lines Vcoml are
parallel to the gate line GL and separated from the gate line
GL. A first common voltage is applied onto the first common
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electrodes 152 through the first common lines Vecom1. The
first common electrodes 152 extend from the first common
lines Vecom1 formed between the color displaying sub-pixels
CSP1, CSP2 and CSP3. The first pixel electrodes 112 are
connected to the TFTs T in the color displaying sub-pixels
CSP1, CSP2 and CSP3. The first common electrodes 152
and the first pixel electrodes 112 are alternately arranged
with each other and parallel to each other. The first common
electrodes 152 and the first pixel electrodes 112 have a bent
bar shape. Moreover, the gate and data lines GL and DL can
also have the bent bar shape. The viewing angle restricting
LCD device having the first common electrodes 152 and the
first pixel electrodes 112 with the bent bar shape has multiple
domains such that the viewing angle is improved. In the
alternative, the first common electrodes 152 and the first
pixel electrodes 112 may have a linear bar shape.

[0041] When voltages are applied across the first pixel
electrodes 112 and the first common electrodes 152, hori-
zontal electric fields are induced between the first pixel
electrodes 112 and the first common electrodes 152. The
layers of liquid crystal molecules 130 are driven by the
horizontal electric fields. Different voltages generate differ-
ent gray levels.

[0042] A color filter layer CF having red, green and blue
colors is formed in the first to third color displaying sub-
pixels CSP1, CSP2 and CSP3 on the second substrate 150.
The first color displaying sub-pixel CSP1 on the second
substrate 150 corresponds to the first color displaying sub-
pixel CSP1 on the first substrate 110. The second color
displaying sub-pixel CSP2 on the second substrate 150
corresponds to the second color displaying sub-pixel CSP2
on the first substrate 110. The third color displaying sub-
pixel CSP3 on the second substrate 150 corresponds to the
third color displaying sub-pixel CSP3 on the first substrate
110.

[0043] Second pixel electrodes 114 are formed in the first
to third viewing angle restricting sub-pixels VSP1, VSP2
and VSP3 on the first substrate 110. The second pixel
electrodes 114 are connected to TFTs T in the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3.
Moreover, second common lines Vcom2 and second com-
mon electrodes 154 are formed in the first to third viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3 on the
second substrate 150. The first viewing angle restricting
sub-pixel VSP1 on the first substrate 110 corresponds to the
first viewing angle restricting sub-pixel VSP1 on the second
substrate 150. The second viewing angle restricting sub-
pixel VSP2 on the first substrate 110 corresponds to the
second viewing angle restring sub-pixel VSP2 on the second
substrate 150. The third viewing angle restricting sub-pixel
VSP3 on the first substrate 110 corresponds to the third
viewing angle restring sub-pixel VSP3 on the second sub-
strate 150.

[0044] A second common voltage is applied onto the
second common electrodes 154 through the second common
lines Vcom2. The second pixel electrodes 114 and the
second common electrodes 154 can each have plate shapes
that respectively cover the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 on the first and
second substrates 110 and 150, respectively. The second
common voltage may be applied to the second common
electrodes 154 by additional lines in a non-display region
without the second common line Vcom?2.
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[0045] When the same voltage is applied onto the second
pixel electrode 114 and the second common electrode 154 of
a sub-pixel, the layer of liquid crystal molecules 130 is not
driven such that the sub-pixel displays a black image. When
a voltage is applied across the second pixel electrode 114
and the second common electrode 154 of a sub-pixel, the
layer of liquid crystal molecules 130 is driven by a vertical
electric field between the second pixel electrode 114 and the
second common electrode 154 such that the sub-pixel has
maximum transmittance of white light at side viewing
angles.

[0046] The liquid crystal molecules in the liquid crystal
layer 130 can be aligned to have an angle of either 90
degrees or 270 degrees with respect to the gate lines GL. The
first and second polarizers (not shown) having first and
second optical axes, respectively, are disposed on outer
surfaces of the first and second substrates 110 and 150. The
first and second optical axes can be oriented at 0 degree and
90 degrees with respect to the gate lines GL, respectively.
Accordingly, the first and second optical axes are perpen-
dicular to each other.

[0047] When the first and second optical axes are perpen-
dicular to each other and the liquid crystal molecules 130,
which have an initial alignment of either 90 degrees or 270
degrees, are driven by the oblique electric fields between the
first pixel electrodes 112 and the first common electrodes
152, the first to third color displaying sub-pixels CSP1,
CSP2 and CSP3 have a wide viewing angle for displaying
the image. The driving of the layers of liquid crystal
molecules 130 in the first to third viewing angle restricting
sub-pixels VSP1, VSP2 and VSP3 is determined by voltages
applied onto the second pixel electrodes 114 and the second
common electrodes 154 such that the first to third viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3 can
selectively restrict the viewing angle.

[0048] In an ON state, in which the same voltages are
applied onto the second pixel electrodes 114 and the second
common electrodes 154, the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 have a maxi-
mum transmittance at 60 degrees from the front viewing
angle and a minimum transmittance at the front viewing
angle. In a left direction and a right direction from a point
having the maximum transmittance, the first to third viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3 have
transmittance but less than the maximum transmittance. In
an OFF state, in which voltages are applied across the
second pixel electrodes 114 and the second common elec-
trodes 154, the first to third viewing angle restricting sub-
pixels VSP1, VSP2 and VSP3 have about zero transmittance
in all viewing angles. In this case, a voltage difference
between voltages applied across the second pixel electrodes
114 and the second common electrodes 154 may be less than
3V

[0049] Since the first to third viewing angle restricting
sub-pixels VSP1, VSP2 and VSP3 display black images in
all viewing angles in the OFF state, the first to third color
displaying sub-pixels CSP1, CSP2 and CSP3 display images
in all viewing angles without the image being affected by the
first to third viewing angle restricting sub-pixels VSP1,
VSP2 and VSP3. On the other hand, the first to third viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3 display
black images in the front viewing angle and white images in
the side viewing angles in the ON state such that the first to
third color displaying sub-pixels CSP1, CSP2 and CSP3 do
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not clearly display images in the side viewing angles due to
the first to third viewing angle restricting sub-pixels VSP1,
VSP2 and VSP3 corrupting the side viewing angles with
white images while the first to third color displaying sub-
pixels CSP1, CSP2 and CSP3 display images in the front
viewing angle that are not affected by the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3.
[0050] When the first to third viewing angle restricting
sub-pixels VSP1, VSP2 and VSP3 are in the ON state,
images from each unit pixel have substantially a same
luminance at the side viewing angles. Accordingly, differ-
ences of luminance in the first to third color displaying
sub-pixels CSP1, CSP2 and CSP3 in the side viewing angles
are compensated by the white luminance of first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3
in the side viewing angles such that the side viewing angles
are restricted. As a result, only a person at the front viewing
angle can observe the image, while a person at a side
viewing angle can not observe the image.

[0051] The above-mentioned viewing angle restricting
LCD device has the first to third color displaying sub-pixels
CSP1, CSP2 and CSP3 driven by horizontal electric fields.
Further, the first to third viewing angle restricting sub-pixels
VSP1, VSP2 and VSP3 are driven by vertical electric fields.
However, the first to third color displaying sub-pixels CSP1,
CSP2 and CSP3 and the first to third viewing angle restrict-
ing sub-pixels VSP1, VSP2 and VSP3 may be driven by
another types of fields.

[0052] As shown in FIG. 5, first gate insulating layers 122
are formed between the first common electrodes 152 and the
data lines DL, and second gate insulating layers 124 are
formed between the data lines DL and the first pixel elec-
trodes 112, However, the first common electrodes 152 and
the first pixel electrodes 112 may be formed in a same layer
as each other without one of the first and second gate
insulating layers 122 and 124.

[0053] In reference to FIGS. 7A to 7D, the above-men-
tioned compensation effects will be explained. FIGS. 7A and
7B show properties of color luminance and a gray level in
a color displaying sub-pixel of a viewing angle restricting
LCD device according to embodiments of the invention.
FIGS. 7C and 7D show properties of color luminance and a
gray level in a color displaying sub-pixel and a viewing
angle restricting sub-pixel of a viewing angle restricting
LCD device according to embodiments of the invention.
[0054] As shown in FIGS. 7A and 7B, first to third images
have different luminances from each other. Each of the first
to third images includes red, green and blue colors R, G and
B. Moreover, the first to third images may have different
gray levels. Accordingly, when the liquid crystal device of
the invention is in viewing angle restricting mode, in which
the first to third viewing angle restricting sub-pixels VSP1,
VSP2 and VSP3 are in the ON state, it is possible to observe
images having different gray levels at the front viewing
angle in spite of the first to third viewing angle restricting
sub-pixels VSP1, VSP2 and VSP3. Thus, the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3
displays white images according to the gray level of the
images from the first to third color displaying sub-pixels
CSP1, CSP2 and CSP3. The first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 are controlled
such that the images from the first to third color displaying
sub-pixels CSP1, CSP2 and CSP3 at a side viewing angle
have a same gray level as a standard gray level.
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[0055] As shown in FIGS. 7C and 7D, the LCD device
displays fourth to sixth images having different luminances
depending on their colors. The luminances of red, green and
blue colors R, G and B in the fourth image correspond to the
luminances of red, green and blue colors R, G and B in the
first image in FIGS. 7A and 7B, and the luminances of red,
green and blue colors R, G and B in the fifth image
correspond to the luminances of red, green and blue colors
R, G and B in the second image in FIGS. 7A and 7B.
Moreover, the luminances of red, green and blue colors R,
G and B in the sixth image correspond to the luminances of
red, green and blue colors R, G and B in the third image in
FIGS. 7A and 7B. The images of white color W have
different luminances depending on the images from the
fourth to sixth images. As mentioned above, the images of
white color are displayed from the first to third viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3, and the
fourth to sixth images are displayed from the first to third
color displaying sub-pixels CSP1, CSP2 and CSP3.

[0056] The driving method mentioned above is explained
in more detail with FIGS. 7C and 7D. As shown in FIG. 7C,
first to third white colors W1, W2 and W3 correspond to red,
green and blue color images R, G and B. When the red,
green and blue colors R, G and B have a same luminance as
each other as the fourth image in FIG. 7C, the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3
are driven so that the first to third white colors W1, W2 and
W3 in the fourth images have a same luminance as each
other. In other words, when the red color R has Iuminance
greater than the blue color B and less than the green color G
as the fifth image, the first to third viewing angle restricting
sub-pixels VSP1, VSP2 and VSP3 are driven so that the first
white color W1 has luminance greater than the second white
color W2 and less than the third white color W3. When the
red color R has a luminance, which is same as the green
color G and greater than the blue color B, as the sixth image,
the first to third viewing angle restricting sub-pixels VSP1,
VSP2 and VSP3 are driven so that the first white color W1
has a luminance, which is same as the second white color
W2 and less than the third white color W3.

[0057] When the first to third viewing angle restricting
sub-pixels VSP1, VSP2 and VSP3 are driven by the above-
mentioned method, the fourth to sixth images have different
luminances depending on their colors. However, the fourth
to sixth images appear to have substantially the same gray
level when viewed at side viewing angles. In other words, as
shown in FIG. 7D, the gray levels of the second and third
images shift up and down such that the fourth to sixth
images have the same gray level at side viewing angles.
Accordingly, the LCD device according to embodiments of
the invention having and driving as mentioned above dis-
plays images having substantially the same gray level to
improve the effect of restricting the side viewing angles.

[0058] When the TFTs T in the first to third color display-
ing sub-pixels CSP1, CSP2 and CSP3 are turned on, the
layers of liquid crystal molecules 130 are driven by the
horizontal electric fields induced between the first pixel
electrodes 112 and the first common electrodes 152 to
display images having a wide viewing angle. When the TFTs
T in the first to third viewing angle restricting sub-pixels
VSP1, VSP2 and VSP3 are turned on, the layers of liquid
crystal molecules 130 are driven by the vertical electric
fields induced between the second pixel electrodes 114 on
the first substrate 110 and the second common electrodes
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154 on the second substrate 150. When voltages are applied
across the second pixel electrodes 114 and the second
common electrodes 154, the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 do not display
the white color into the front viewing angle but do emit light
into the side viewing angles. Thus, the images from the first
to third color displaying sub-pixels CSP1, CSP2 and CSP3
at the side viewing angles are corrupted by the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP
such that the viewing angles at the sides are restricted. Thus,
the LCD device according to embodiments of the invention
has a narrow viewing angle mode.

[0059] On the other hand, when the same voltage is
applied onto the second pixel electrodes 114 and the second
common electrodes 154, the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 do not display
the white color at the side viewing angles so that the image
can be observed in all viewing angles from the first to third
color displaying sub-pixels CSP1, CSP2 and CSP3. In this
case, the first to third viewing angle restricting sub-pixels
VSP1, VSP2 and VSP3 do not restrict viewing angles. Thus,
the LCD device according to embodiments of the invention
also has a wide viewing angle mode.

[0060] The LCD device according to embodiments of the
invention has convertibility between wide and narrow view-
ing angle modes depending on the first to third viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3 being
turned on. Although not shown, the LCD device may include
a gray level determining unit, a luminance detecting unit and
a luminance compensating unit. The gray level determining
unit determines the standard gray level. The luminance
detecting unit detects luminances of the images displayed in
the first to third color displaying sub-pixels CSP1, CSP2 and
CSP3. The luminance compensating unit determines lumi-
nances of the white color in the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 depending on
the luminance of the images detected by the luminance
detecting unit. The voltages, which are applied onto the
second pixel electrodes 114 in the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3, are deter-
mined by the luminance compensating unit.

[0061] FIGS. 8Ato 8C are plane views showing a viewing
angle restricting LCD device according to second to fourth
exemplary embodiments of the invention, respectively. The
LCD devices in FIGS. 8A to 8C include a unit pixel. The unit
pixel includes the first to third color displaying sub-pixels
CSP1, CSP2 and CSP3 and the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3. As mentioned
above, the first to third viewing angle restricting sub-pixels
VSP1, VSP2 and VSP3 display white colors depending on
the images from the first to third color displaying sub-pixels
CSP1, CSP2 and CSP3.

[0062] As shown in FIG. 84, in the viewing angle restrict-
ing LCD device according to the second exemplary embodi-
ment of the invention, the first to third color displaying
sub-pixels CSP1, CSP2 and CSP3 are alternately arranged
with one another in (2N-1)th rows, and the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3
are alternately arranged with one another in (2N)th rows
where N is a positive integer. When the viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 have too small
area, the LCD device does not have a sufficient viewing
angle restricting function. However, when the viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 have too broad
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an area, the LCD device has a decreased aperture ratio and
decreased luminance. Considering the viewing angle
restricting function and the aperture ratio, area of the view-
ing angle restricting sub-pixels VSP1, VSP2 and VSP3 can
be between 10 percent and 50 percent of the area of the unit
pixel.

[0063] FIGS. 8B and 8C show the viewing angle restrict-
ing LCD device having an improved aperture ratio. As
shown in FIG. 8B, in the viewing angle restricting LCD
device according to the third exemplary embodiment of the
invention, the first to third color displaying sub-pixels CSP1,
CSP2 and CSP3 are alternately arranged with one another in
(BN-2)th rows and (3N)th rows, and the viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 are alternately
arranged with one another in (3N-1)th rows. Moreover, as
shown in FIG. 8C, in the viewing angle restricting LCD
device according to the fourth exemplary embodiment of the
invention, the first to third color displaying sub-pixels CSP1,
CSP2 and CSP3 are alternately arranged with one another in
(BN-2)th columns and (3N)th columns, and the viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3 are
alternately arranged with one another in (3N-1)th columns.
In FIGS. 8B and 8C, one viewing angle restricting sub-pixel
matches with two color displaying sub-pixels such that area
occupied by the viewing angel restricting sub-pixels is
decreased. As a result, the aperture ratio and luminance are
improved.

[0064] FIGS.9A and 9B are plane views showing an array
substrate and a color filter substrate for a viewing angle
restricting LCD device according to a fifth exemplary
embodiment of the invention, respectively, and FIG. 10 is a
cross-sectional view taken along the line X-X of FIGS. 9A
and 9B. As shown in FIGS. 9A, 9B and 10, the viewing
angle restricting LCD device includes first and second
substrates 210 and 250 facing each other, and a layer of
liquid crystal molecules 230 interposed therebetween. The
unit pixel, which includes the first to third color displaying
sub-pixels CSP1, CSP2 and CSP3 and the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3,
is defined on the first and second substrates 210 and 250. The
first to third color displaying sub-pixels CSP1, CSP2 and
CSP3 correspond one-to-one with the first to third viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3. The first
to third color displaying sub-pixels CSP1, CSP2 and CSP3
are sequentially arranged in a first column of the unit pixel,
and the first to third viewing angle restricting sub-pixels
VSP1, VSP2 and VSP3 are sequentially arranged in a
second column of the unit pixel.

[0065] The first substrate 210 includes gate lines GL, data
lines DL, and TFTs T. The gate and data lines GL and DL
cross each other to define each sub-pixel CSP1, CSP2,
CSP3, VSP1, VSP2 and VSP3. The TFTs T are respectively
formed in the each sub-pixel CSP1, CSP2, CSP3, VSP1,
VSP2 and VSP3 and connected to the gate and data lines GL
and DL. First insulating layers 222 may be formed between
the gate lines GL and the data lines DL, and second
insulating layers 224 may be formed on the data lines DL.
The second substrate 250 includes a black matrix BM
corresponding to the gate and data lines GL and DL, and the
TFT T.

[0066] First slits 212a are formed in the first pixel elec-
trodes 212 in the first to third color displaying sub-pixels
CSP1, CSP2 and CSP3 on the first substrate 210. The first
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slits 212a have a bent bar shape. The first slits 212a can have
angles of either 45 degrees or 315 degrees with respect to the
gate lines GL.

[0067] The color filter layer CF is formed in the first to
third color displaying sub-pixels CSP1, CSP2 and CSP3,
and the first common electrode areas 252 is formed on the
color filter layer CF. The color filter layer CF includes red,
green and blue colors. Second slits 252a having the bent bar
shape are formed in the first common electrode areas 252.
The second slits 252a are alternately arranged with the first
slits 212a and parallel to the first slits 212a.

[0068] The first and second slits 212a and 2524 have the
bent bar shape, as shown in FIGS. 9A and 9B. In the
alternative, the first and second slits 212a and 2524 may
have a linear bar shape. Moreover, the data lines DL, the first
pixel electrodes 212 and the first common electrode areas
252 may have a same bent bar shape as the first and second
slits 212a and 252a. The sub-pixels have a mono-domain in
the case of the linear bar shape. The sub-pixels have multiple
domains in the case of the bent bar shape have a wider
viewing angle.

[0069] When voltages are applied across the first pixel
electrodes 212 and the first common electrode areas 252, the
electric fields induced between the first pixel electrodes 212
and the first common electrode 252 areas are distorted by the
first and second slits 2124 and 252« such that oblique
electric fields are formed. The layer of liquid crystal mol-
ecules 230 is driven by the oblique electric fields such that
the viewing angle is improved. The oblique electric fields
cross the first and second slits 212a and 252a such that the
liquid crystal molecules 230 are arranged depending on the
oblique electric fields and have an angle of either 45 degrees
or 315 degrees with respect to the gate lines GL. When the
first and second slits 212a and 252a have the linear bar
shape, in which the first and second slits are parallel to the
data lines DL, the liquid crystal molecules are parallel to the
gate lines GL.

[0070] Second pixel electrodes 214 are formed in the first
to third viewing angle restricting sub-pixels VSP1, VSP2
and VSP3 on the first substrate 210, the second common
electrode areas 254 corresponding to the second pixel elec-
trodes 214 is formed in the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 on the second
substrate 250. Third slits 214a, which are parallel to the gate
lines GL and have a linear bar shape, are formed in the
second pixel electrodes 214, and fourth slits 2544, which are
parallel to the third slits 214a and alternately arranged with
the third slits 214a, are formed in the second common
electrode areas 254.

[0071] When voltages are applied across the second pixel
electrodes 214 and the second common electrodes 254,
electric fields are induced between the second pixel elec-
trodes 214 and the second common electrode area 254 are
distorted by the third and fourth slits 214a and 254a such
that the electric fields become oblique. The oblique electric
fields cross the third and fourth slits 214a and 254a such that
the liquid crystal molecules 230 are arranged depending on
the oblique electric fields and can have an angle of 0 degree
with respect to the data lines DL. In other words, the liquid
crystal molecules 230 are arranged to be perpendicular to the
gate lines GL. Since the oblique electric fields in the first to
third viewing angle restricting sub-pixels VSP1, VSP2 and
VSP3 are perpendicular to the gate lines GL, the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3
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have a transmittance of O percent in the front viewing angle.
Certain side viewing angles to the left and right of the front
viewing angle have increased transmittance such that the
first to third viewing angle restricting sub-pixels VSP1,
VSP2 and VSP3 have a maximum transmittance. Further to
the left and right sides from the certain viewing angles
having the maximum transmittance, the transmittance
decreases. The certain viewing angles can be 60 degrees
from the front viewing angle.

[0072] The liquid crystal molecules in the liquid crystal
layer 130 can be aligned to have an angle of either 90
degrees or 270 degrees with respect to the gate lines GL.
First and second polarizers (not shown) having first and
second optical axes, respectively, are disposed on outer
surfaces of the first and second substrates 110 and 150. The
first and second optical axes can be either 0 degrees or 90
degrees with respect to the gate lines, respectively. Accord-
ingly, the first and second optical axes are perpendicular to
each other.

[0073] When the first and second optical axes are perpen-
dicular to each other and the liquid crystal layer 130, which
has an initial alignment of one of 90 degrees and 270
degrees, is driven by the electric fields between the first pixel
electrodes 212 and the first common electrode areas 252, the
first to third color displaying sub-pixels CSP1, CSP2 and
CSP3 have a wide viewing angle. When voltages are applied
across the second pixel electrodes 214 and the second
common electrode areas 254, the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 display the
white color at side viewing angles and do not display the
white color at the front viewing angle such that the users in
the side viewing angles do not observe the images from the
first to third color displaying sub-pixels CSP1, CSP2 and
CSP3 at the side viewing angles. Accordingly, the viewing
angle restricting LCD device can have a narrow viewing
angle mode.

[0074] When the same voltage is applied onto the second
pixel electrodes 214 and the second common electrode areas
254, the first to third viewing angle restricting sub-pixels
VSP1, VSP2 and VSP3 have substantially 0 percent trans-
mittance at all viewing angles such that the users at all
viewing angles can observe the images from the first to third
color displaying sub-pixels CSP1, CSP2 and CSP3. Accord-
ingly, the viewing angle restricting LCD device also has a
wide viewing angle mode. As a result, the viewing angle
restricting LCD device of the above-described fifth exem-
plary embodiment has convertibility between the wide and
narrow viewing angle modes.

[0075] In the above-mentioned fifth exemplary embodi-
ment, the first to fourth slits 212a, 2524, 214a, 2544 have
different shapes with the above-mentioned shapes depend-
ing on the alignment direction of the liquid crystal molecules
and the optical axes of the first and second polarizers (not
shown). Moreover, the first to third color displaying sub-
pixels CSP1, CSP2 and CSP3 and the first to third viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3 may be
driven as shown in FIGS. 7A to 7D.

[0076] FIGS. 11A and 11B are plane views showing an
array substrate and a color filter substrate for a viewing angle
restricting LCD device according to a sixth exemplary
embodiment of the invention, respectively, and FIG. 12 is a
cross-sectional view taken along the line XII-XII of FIGS.
11A and 11B. As shown in FIGS. 11A, 11B and 12, the
viewing angle restricting LCD device includes first and
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second substrates 310 and 350 facing each other, and a layer
of liquid crystal molecules 330 interposed therebetween.
The unit pixel, which includes the first to third color
displaying sub-pixels CSP1, CSP2 and CSP3 and the first to
third viewing angle restricting sub-pixels VSP1, VSP2 and
VSP3, is defined on the first and second substrates 310 and
350. The first to third color displaying sub-pixels CSP1,
CSP2 and CSP3 correspond one-to-one with the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3.
The first to third color displaying sub-pixels CSP1, CSP2
and CSP3 are sequentially arranged in a first column of the
unit pixel, and the first to third viewing angle restricting
sub-pixels VSP1, VSP2 and VSP3 are sequentially arranged
in a second column of the unit pixel.

[0077] The first substrate 310 includes gate lines GL, data
lines DL, and TFTs T. The gate and data lines GL and DL
cross each other to define each sub-pixel CSP1, CSP2,
CSP3, VSP1, VSP2 and VSP3. The TFTs T are respectively
formed in each of the sub-pixel CSP1, CSP2, CSP3, VSP1,
VSP2 and VSP3 and connected to the gate and data lines GL
and DL. First insulating layers 322 may be formed between
the gate lines GL and the data lines DL. Second insulating
layers 324 and third gate insulating layers 326 can be
sequentially formed on the data lines DL. The second
substrate 350 includes the black matrix BM corresponding
to the gate and data lines GL and DL, and the TFTs T.
[0078] The first common electrodes 352 have a plate shape
and are respectively formed on the first substrate 310 over
the first to third color displaying sub-pixels CSP1, CSP2 and
CSP3. The first common electrodes 352 can be formed
between the second and third gate insulating layers 324 and
326. The first pixel electrodes 312, which have a bent bar
shape and are connected to the TFTs T, are formed on the
third gate insulating layers 326 in the first to third color
displaying sub-pixels CSP1, CSP2 and CSP3. The first pixel
electrodes 312 having the bent bar shape can have angles of
either 45 degrees or 315 degrees with respect to the gate
lines GL. The color filter layer CF is formed on the second
substrate 350 in the first to third color displaying sub-pixels
CSP1, CSP2 and CSP3. The color filter CF includes red,
green and blue colors.

[0079] The first pixel electrodes 312 having the bent bar
shape are shown in FIG. 11A. In the alternative, the first
pixel electrode 312 can have a linear bar shape. Moreover,
the data lines DL can have the same bent bar shape as the
first pixel electrodes 312. The first to third color displaying
sub-pixels CSP1, CSP2 and CSP3 have a mono-domain in
the case of the linear bar shape. The first to third color
displaying sub-pixels CSP1, CSP2 and CSP3 have multiple
domains in the case of the bent bar shape that results in a
wide viewing angle.

[0080] When voltages are applied across the first pixel
electrodes 312 and the first common electrodes 352, some
liquid crystal molecules 330 are driven by fringe electric
fields induced between the first pixel electrodes 312 and the
first common electrodes 352 such that the viewing angle is
widened. The fringe electric fields have the reverse U-shape.
Other liquid crystal molecules 330 are driven by horizontal
electric fields, which corresponds to a flat top surface of the
fringe electric fields.

[0081] First common electrodes 352 are formed on the
first substrate 310 in the first to third viewing angle restrict-
ing sub-pixels VSP1, VSP2 and VSP3. The first common
electrodes 352 have a plate shape and respectively cover the
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surfaces of the first to third viewing angle restricting sub-
pixels VSP1, VSP2 and VSP3. The first common electrodes
352 may be formed on the second gate insulating layer 324s
on the first substrate 310. Second pixel electrodes 314 are
formed over the first common electrodes 352. The second
pixel electrodes 314 are connected to the TFTs T in the first
to third viewing angle restricting sub-pixels VSP1, VSP2
and VSP3 and have the bent bar shape. Third gate insulating
layers 326 can be interposed between the first common
electrodes 352 and the second pixel electrodes 314. The
second common electrodes 354 are formed on the second
substrate 350 in the first to third viewing angle restricting
sub-pixels VSP1, VSP2 and VSP3. The second common
electrode 354 can have the plate shape such that the second
common electrodes 354 cover surfaces of the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3.
The second pixel electrode 314 having the bent bar shape
can have an angle of either 45 degrees or 315 degrees with
respect to the gate lines GL.

[0082] Similar to the first pixel electrodes 312, the second
pixel electrodes 314 can have a linear bar shape. Moreover,
the data lines DL may have the same bent bar shape as the
second pixel electrodes 314. The sub-pixels each have a
mono-domain in the case of the linear bar shape. On the
other hand, the sub-pixels have multiple domains in case of
the bent bar shape such that the viewing angle is widened.

[0083] The first to third viewing angle restricting sub-
pixels VSP1, VSP2 and VSP3 are driven by using different
electrodes depending on their modes. In the wide viewing
angle mode, the second pixel electrodes 314 and the first
common electrodes 352 are used to drive the layers of liquid
crystal molecules 330 in the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3. However, in
the narrow viewing angle mode, the first common electrodes
352 and the second common electrodes 354 are used to drive
the layers of liquid crystal molecules 330 in the first to third
viewing angle restricting sub-pixels VSP1, VSP2 and VSP3.

[0084] When voltages are applied across the second pixel
electrodes 314 and the first common electrodes 352 in the
wide viewing angle mode, the layers of liquid crystal
molecules 330 are driven by the fringe electric field induced
between the second pixel electrodes 314 and the first com-
mon electrodes 352. In this case, a same voltage as the first
common electrode 352 is applied into the second common
electrode 354 such that an electric field is not induced
between the first and second common electrodes 352 and
354. In other words, in the wide viewing angle mode, the
layers of liquid crystal molecules 330 are driven by the
fringe electric field between the second pixel electrodes 314
and the first common electrodes 352 such that images are
displayed to all viewing angles. The luminances of the white
colors from the first to third viewing angle restricting
sub-pixels VSP1, VSP2 and VSP3 correspond to the lumi-
nance of the images from the first to third color displaying
sub-pixels CSP1, CSP2 and CSP3 such that luminances of
the first to third viewing angle restricting sub-pixels VSP1,
VSP2 and VSP3 compensate the images from the first to
third color displaying sub-pixels CSP1, CSP2 and CSP3.
Accordingly, the luminance property in the wide viewing
angle mode is improved. When the first to third viewing
angle restricting sub-pixels VSP1, VSP2 and VSP3 do not
include the second pixel electrode 324 and the same voltage
is applied into the first and second common electrodes 352
and 354, the first to third viewing angle restricting sub-pixels
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VSP1, VSP2 and VSP3 display the black color. As a result,
the luminance and the aperture ratio deteriorate. However,
since the first to third viewing angle restricting sub-pixels
VSP1, VSP2 and VSP3 include the second pixel electrode
314, the LCD device does not have the above-mentioned
problems.

[0085] In the narrow viewing angle mode, voltages are
applied across the first and second common electrodes 352
and 354 such that the liquid crystal layer 330 is driven by the
vertical electric field induced between the first and second
common electrodes 352 and 354. In this case, the same
voltage as the first common electrode 352 is applied into the
second pixel electrode 314 such that an electric field is not
induced between the second pixel electrode 314 and the first
common electrode 352. The first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 display the
white color at side viewing angles. Accordingly, the images
form the first to third color displaying sub-pixels CSP1,
CSP2 and CSP3 is damaged by the white color such that the
viewing angle is restricted. The first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 has a trans-
mittance 0of 0% in the front viewing angle. As it goes left and
right sides from the front viewing angle, the transmittance
increases to a certain viewing angle. As it goes left and right
sides from the certain side viewing angle, the transmittance
decreases. Accordingly, the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 have a maxi-
mum transmittance at the certain side viewing angle. The
maximum transmittance may be about 100%.

[0086] To obtain the above-mentioned transmittance prop-
erties, the liquid crystal molecules can be aligned to have an
angle of either 90 degrees or 270 degrees with respect to the
gate lines GL. The first and second polarizers (not shown)
having first and second optical axes, respectively, are dis-
posed on outer surfaces of the first and second substrates 310
and 350. The first and second optical axes can be 0 degree
or 90 degrees with respect to the gate lines, respectively.
Accordingly, the first and second optical axes are perpen-
dicular to each other. When the first and second optical axes
are perpendicular to each other and the liquid crystal mol-
ecules 330, which have an initial alignment of either 90
degrees or 270 degrees, is driven by the fringe electric field
between the first pixel electrodes 312 and the first common
electrodes 352, the first to third color displaying sub-pixels
CSP1, CSP2 and CSP3 have a wide viewing angle.

[0087] The luminance of the first to third viewing angle
restricting sub-pixels VSP1, VSP2 and VSP3 enhance or
corrupt the images from the first to third color displaying
sub-pixels CSP1, CSP2 and CSP3 at the side viewing angles
depending on the mode. In more detail, when voltages,
which correspond to the voltages applied into the first to
third color displaying sub-pixels CSP1, CSP2 and CSP3, are
applied across the second pixel electrodes 314 and the first
common electrodes 352, the viewing angle restricting LCD
device is in the wide viewing angle mode. On the other hand,
when voltages are applied into the first and second common
electrodes 352 and 354, the viewing angle restricting LCD
device is in a narrow viewing angle mode. As a result, the
viewing angle restricting LCD device according to the sixth
exemplary embodiment of the invention has convertibility
between the wide and narrow viewing angle modes. The
driving method described with FIGS. 7A to 7D may be
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applied into the viewing angle restricting LCD device
according to the sixth exemplary embodiment of the inven-
tion.

[0088] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
substrate for the liquid crystal display device and the method
of fabricating the same of the invention without departing
from the sprit or scope of the invention. Thus, it is intended
that the present invention covers the modifications and
variations of this invention 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 each other;

alayer of liquid crystal molecules interposed between the
first and second substrates;

a plurality of color displaying sub-pixels including first,
second and third sub-pixels defined on the first and
second substrates;

first common electrodes in the first, second and third
sub-pixels on the first substrate;

first pixel electrodes in the first, second and third sub-
pixels on the first substrate and alternately arranged
with the first common electrodes;

color filter layers in the first, second and third sub-pixels
on the second substrate;

a plurality of viewing angle restricting sub-pixels includ-
ing fourth, fifth and sixth sub-pixels defined on the first
and second substrates, the fourth, fifth and sixth sub-
pixels corresponding one-to-one with the first, second
and third sub-pixels;

second pixel electrodes in the fourth, fifth and sixth
sub-pixels on the first substrate; and

second common electrodes in the fourth, fifth and sixth
sub-pixels on the second substrate.

2. The device according to claim 1, further comprising
third common electrodes in the fourth, fifth and sixth sub-
pixels on the first substrate.

3. The device according to claim 2, wherein the first,
second and third common electrodes have a plate shape, and
first and second pixel electrodes have a bar shape.

4. The device according to claim 3, wherein the first and
second pixel electrodes have a bent bar shape.

5. The device according to claim 2, wherein the first and
second pixel electrodes have at least one bent portion.

6. The device according to claim 2, wherein the first and
second pixel electrodes are parallel to each other.

7. The device according to claim 2, further comprising
gate insulating layers interposed between the first common
electrodes and the first pixel electrodes, and between the
third common electrodes and the second pixel electrodes.

8. The device according to claim 2, wherein first electric
fields having a reverse U-shape are formed between the first
pixel electrodes and the first common electrodes and
between the second pixel electrodes and the third common
electrodes, and second electric fields vertical to one of the
first and second substrates are formed between the second
and third common electrodes when the device is an ON
state.

9. The device according to claim 2, wherein the first and
second substrates include a plurality of pixel columns and a
plurality of pixel rows, wherein the first, second and third
sub-pixels are disposed in (2N-1)th rows and alternately
arranged with one another in each pixel row, wherein the
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four, fifth and sixth sub-pixels are disposed in (2N)th rows
and alternately arranged with one another in each pixel row
where N is a positive integer.

10. The device according to claim 2, wherein the first and
second substrates include a plurality of pixel columns and a
plurality of pixel rows, wherein the first, second and third
sub-pixels are disposed in (3N-2)th rows and (3N)th rows
and alternately arranged with one another in each pixel row,
wherein the four, fifth and sixth sub-pixels are disposed in
(BN-1)th rows and alternately arranged with one another in
each pixel row where N is a positive integer.

11. The device according to claim 1, wherein the first
pixel electrodes and the first common electrodes have a bar
shape.

12. The device according to claim 11, wherein the first
pixel electrodes and the first common electrodes have a bent
bar shape.

13. The device according to claim 1, wherein the second
pixel electrodes and second common electrodes have a plate
bar shape.

14. The device according to claim 1, wherein first electric
fields horizontal to the first and second substrates are formed
between the first pixel electrodes and the first common
electrodes, and second electric fields vertical to one of the
first and second substrates are formed between the second
pixel electrodes and the second common electrodes.

15. The device according to claim 1, further comprising:

a plurality of gate lines on the first substrate;

a plurality of data lines crossing the plurality of gate lines
to define the first, second and third sub-pixels and the
four, fifth and sixth sub-pixels;

a plurality of thin film transistors connected to the plu-
rality of gate lines and the plurality of data lines,

wherein the first and second pixel electrodes are con-
nected to the plurality of thin film transistors.

16. The device according to claim 15, further comprising

a black matrix on the second substrate and corresponding to
the plurality of gate lines, the plurality of data lines and the
plurality of thin film transistors.

17. The device according to claim 1, further comprising
gate insulating layers interposed between the first common
electrodes and the first pixel electrodes.

18. The device according to claim 1, wherein the first and
second substrates include a plurality of pixel columns and a
plurality of pixel rows, wherein the first, second and third
sub-pixels are disposed in (2N-1)th rows and alternately
arranged with one another in each pixel row, wherein the
four, fifth and sixth sub-pixels are disposed in (2N)th rows
and alternately arranged with one another in each pixel row
where N is a positive integer.

19. The device according to claim 1, wherein the first and
second substrates include a plurality of pixel columns and a
plurality of pixel rows, wherein the first, second and third
sub-pixels are disposed in (3N-2)th rows and (3N)th rows
and alternately arranged with one another in each pixel row,
wherein the four, fifth and sixth sub-pixels are disposed in
(BN-1)th rows and alternately arranged with one another in
each pixel row where N is a positive integer.

20. A liquid crystal display device, comprising;

first and second substrate facing each other;

a layer of liquid crystal molecules interposed between the
first and second substrates;
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a plurality of color displaying sub-pixels including first,
second and third sub-pixels and defined on the first and
second substrates;

first pixel electrodes in the first, second and third sub-
pixels on the first substrate;

color filter layers in the first, second and third sub-pixels
on the second substrate;

first common electrodes on the color filter layers;

first and second slits on the first pixel electrodes and the
first common electrodes, respectively;

a plurality of viewing angle restricting sub-pixels includ-
ing fourth, fifth and sixth sub-pixels and defined on the
first and second substrates, the fourth, fifth and sixth
sub-pixels corresponding one-to-one with the first, sec-
ond and third sub-pixels;

second pixel electrodes in the first, second and third
viewing angle restricting sub-pixels on the first sub-
strate;

second common electrodes in the fourth, fifth and sixth
sub-pixels on the second substrate; and

third and fourth slits in the second pixel electrodes and the
second common electrodes, respectively,

wherein the first and second slits are alternately arranged
with and parallel to each other, and

wherein the third and fourth slits are alternately arranged
with and parallel to each other.

21. The device according to claim 20, wherein the first
and second slits have at least one bent portion, and the third
and fourth slits are parallel with respect to the gate lines.

22. The device according to claim 21, wherein first
electric fields between the first pixel electrodes and the first
common electrodes have at least one bent portion, and
second electric fields between the second pixel electrodes
and the second common electrodes are perpendicular to the
gate lines when the device is an ON state.

23. The device according to claim 20, wherein the first
and second slits have a bent bar shape, and the third and
fourth slits have a linear bar shape.

24. The device according to claim 20, further comprising:

a plurality of gate lines on the first substrate;

a plurality of data lines crossing the plurality of gate lines
to define the first, second and third color displaying
sub-pixels and the first, second and third viewing angle
restricting sub-pixels;

a plurality of thin film transistors connected to the plu-
rality of gate lines and the plurality of data lines,

wherein the first and second pixel electrodes are con-
nected to the plurality of thin film transistors.

25. The device according to claim 24, further comprising

a black matrix on the second substrate and corresponding to
the plurality of gate lines, the plurality of data lines and the
plurality of thin film transistors.

26. The device according to claim 2, wherein the first and
second substrates include a plurality of pixel columns and a
plurality of pixel rows, wherein the first, second and third
color displaying sub-pixels are disposed in (2N-1)th rows
and alternately arranged with one another in each pixel row,
wherein the first, second and third viewing angle restricting
sub-pixels are disposed in (2N)th rows and alternately
arranged with one another in each pixel row where N is a
positive integer.
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27. The device according to claim 2, wherein the first and
second substrates include a plurality of pixel columns and a
plurality of pixel rows, wherein the first, second and third
color displaying sub-pixels are disposed in (3N-2)th rows
and (3N)th rows and alternately arranged with one another
in each pixel row, wherein the first, second and third viewing
angle restricting sub-pixels are disposed in (3N-1)th rows
and alternately arranged with one another in each pixel row.

28. A method of driving a liquid crystal display device
including first, second and third color displaying sub-pixels
and first, second and third viewing angle restricting sub-
pixels, wherein the first, second and third color displaying
sub-pixels correspond one-to-one with the first, second and
third viewing angle restricting sub-pixels, and wherein the
first, second and third color displaying sub-pixels includes
first and second electrodes, and the first, second and third
viewing angle restricting sub-pixels includes third and
fourth electrodes, comprising:

applying first and second voltages to the first and second
electrodes in each of the first, second and third color
displaying sub-pixels and third and fourth voltages to
the third and fourth electrodes in each of the first,
second and third viewing angle restricting sub-pixels,
wherein the third and fourth voltages are same as each
other; and

applying fifth and sixth voltages to the first and second
electrodes in each of the first, second and third color
displaying sub-pixels and seventh and eighth voltages
to the third and fourth electrodes in each of the first,
second and third viewing angle restricting sub-pixels,
wherein the third and fourth voltages are different from
each other.

29. The method according to claim 28, wherein the first,
second and third electrodes are formed on the first substrate
and the fourth electrode is formed on the second substrate.

30. The method according to claim 28, wherein the first
and third electrodes are formed on the first substrate and the
second and fourth electrodes are formed on the second
substrate.

31. The method according to claim 28, wherein the
viewing angle restricting images have a minimum lumi-
nance at a front viewing angle and a maximum luminance at
a side viewing angle different from the front viewing angle.

32. A method of driving a liquid crystal display device
including first, second and third color displaying sub-pixels
and first, second and third viewing angle restricting sub-
pixels, wherein the first, second and third color displaying
sub-pixels correspond to one-to-one with the first, second
and third viewing angle restricting sub-pixels, and wherein
the first, second and third color displaying sub-pixels
includes first and second electrodes, and the first, second and
third viewing angle restricting sub-pixels includes third,
fourth and fifth electrodes, comprising:

applying first and second voltages to the first and second

electrodes in each of the first, second and third color
displaying sub-pixels and third and fourth voltages to
the third and fourth electrodes in each of the first,
second and third viewing angle restricting sub-pixels,
wherein the third and fourth voltages correspond to the
first and second voltages, respectively; and
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applying fifth and sixth voltages to the first and second 33. The method according to claim 32, wherein the
electrodes in each of the first, second and third color ~ viewing angle restricting images have a minimum lumi-
displaying sub-pixels and seventh and eighth voltages nance at a front viewing angle and a maximum luminance at
to the third and fifth electrodes in each of the first, a side viewing angle different from the front viewing angle.
second and third viewing angle restricting sub-pixels,
wherein the third and fourth voltages are different from
each other. X ok ok k¥
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