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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF CONTROLLING VIEWING ANGLE
THEREOF

[0001] This application claims the benefit of Japanese
Patent Application No. JP2005-380295, filed on Dec. 28,
2005, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device in which a viewing angle is controlled
and a method of controlling the viewing angle thereof.

[0004] 2. Discussion of the Related Art

[0005] LCD devices may be driven by a low voltage and
may be used in a display of a word processor, a personal
computer, or other display applications.

[0006] The LCD device has a substrate surface treated to
provide a uniform alignment of the liquid crystal and
uniformly displays an image.

[0007] Due to these, a displayed image on the LCD device
varies according to a viewing direction. In other words, the
LCD has a viewing angle dependence.

[0008] For example, TN and STN LCD devices have a
narrow viewing angle, because of light transmission and
interruption by a liquid crystal shutter is carried out by
controlling a polarization of light using an alignment direc-
tion of a rod-shaped liquid crystal molecule.

[0009] A viewing angle controlling technique is proposed
to improve the viewing angle characteristics of the LCD
device. As an example, Japanese Unexamined Patent Appli-
cation Publication No. Hei 9-19740 discloses a LCD device
having two LCDs attached to each other, and a viewing
angle controlling structure that collimates light.

1. Field of the Invention

[0010] A process of controlling the viewing angle of an
LCD disclosed in the related art will be described.

[0011] FIGS. 1B and 1D are sectional views schematically
illustrating a LCD device in which two LCDs are attached
to each other and collimated light enters.

[0012] First, the collimated light enters a first LCD panel
1. The first LCD panel 1 is identical to a LCD panel of the
related art and displays an image.

[0013] The light emitted from the first LCD panel 1 enters
a second LCD panel 2, and the transmission and scattering
of the light is controlled by the second LCD panel 2. The
image is displayed at a narrow viewing angle in the trans-
mission mode and at a wide viewing angle in the scattering
mode.

[0014] Inthis example,a TN LCD panel is used as the first
LCD panel 1 and a polymer dispersed LCD panel is used as
the second LCD panel 2.

[0015] Meanwhile, when employing the polymer dis-
persed LCD panel as the second LCD panel 2, as illustrated
in FIG. 1D, and because liquid crystal molecules in a liquid
crystal droplet that are dispersed within a polymer have a
random direction when a voltage is not applied thereto, the
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incident light is scattered to wide angles (6b,6¢) with a
brightness similar to that found directly in front of the
display 6a.

[0016] A relationship between the brightness and the
viewing angle may be represented by a graph as illustrated
in FIG. 1C.

[0017] Meanwhile, as illustrated in FIG. 1B, because the
liquid crystal molecules of the liquid crystal droplet within
the polymer are aligned along an electric field when the
voltage is applied thereto, the light exits the first LCD panel
1, and the second LCD panel 2 becomes transparent.

[0018] Because the collimated light is essentially perpen-
dicular to the LCD panels, a relationship between brightness
and a viewing angle when a voltage is applied to the second
LCD panel 2. In this mode, the image is represented by a
graph as illustrated in FIG. 1A displayed has a narrow
viewing angle. As such, in the related art, the control of the
viewing angle is carried out by controlling the brightness
with respect to a viewing angle by applying a voltage to the
second LCD panel 2.

[0019] Inthe related art, because a component to collimate
alight from a fluorescent lamp is required and it is necessary
to combine polymer dispersed LCD panels to each other,
manufacturing costs are high.

[0020] Next, other related art is disclosed in Japanese

Unexamined Patent Application Publication No. 2004-
325563 and will be described.

[0021] According to this related art, in a VA mode, the
viewing angle is controlled by changing an electrode struc-
ture. Electrodes are divided, a gap of an opening between
electrodes is slanted, and the shape of electric field is
changed to control brightness so as to change the viewing
angle.

[0022] According to the related art, because the shape of
the electrode is determined when manufacturing the elec-
trode and is not changed after manufacturing the LCD panel,
a pixel is formed by combining several electrodes’ shapes,
and a pixel having an optimal viewing angle characteristic is
selected and others are not displayed. Thus, optical effi-
ciency is deteriorated.

[0023] Moreover, the effect of the viewing angle control,
as disclosed in the above patent publication, exhibits maxi-
mal brightness in a specific direction, but the effect is not
exhibited in other directions.

SUMMARY OF THE INVENTION

[0024] Accordingly, the present invention is directed to a
liquid crystal display device and a method of controlling
viewing angle thereof that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

[0025] An advantage of the present invention is to provide
a LCD device in which an image can be normally displayed
with a wide viewing angle as in the related art, and if
necessary, the viewing angle may be changed so that con-
trast is reduced and the viewing angle can be reduced, and
a method of controlling a viewing angle thereof.

[0026] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
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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
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0027] 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: at least one pixel including at least one
color sub-pixel and at least one white sub-pixel, wherein
liquid crystal molecules in the white sub-pixel are aligned to
be driven in a different direction than liquid crystal mol-
ecules in the color sub-pixel.

[0028] In another aspect of the present invention, a liquid
crystal display device includes: at least one pixel including
at lease one color sub-pixel and at least one white sub-pixel;
and a liquid crystal molecule alignment controller to adjust
a contrast ratio of the liquid crystal display, wherein the
liquid crystal molecules are aligned at an angle of on of
about 3 degrees to about 0 (zero) degrees and about 6
degrees to about 0 (zero) degrees with respect to an absorb-
ing axis of at least one polarizing plate in one of the color
sub-pixel and the white sub-pixel by the liquid crystal
molecule alignment controller.

[0029] In another aspect of the present invention, aligning
liquid crystal molecules in one color sub-pixel and at least
one white sub-pixel in one pixel, wherein the liquid crystal
molecules in the white sub-pixel are aligned differently from
the liquid crystal molecules in the color sub-pixel; and
controlling a viewing angle by applying an electric field to
the sub-pixel and the white sub-pixel.

[0030] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] 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.

[0032] In the drawings:

[0033] FIGS. 1A to 1D illustrate brightness versus view-
ing angle in a polymer dispersed LCD panel of the related
art;

[0034] FIGS. 2A to 2D illustrate brightness versus view-
ing angle in a LCD device according to the present inven-
tion;

[0035] FIG. 3 is a schematic view illustrating an arrange-
ment of RGB pixels and a W pixel,

[0036] FIG. 4 is a sectional view illustrating operation of
a liquid crystal molecule in a VA LCD device;

[0037] FIG. 5is a schematic top view illustrating different
operating directions of the RGB pixels and the W pixel in the
VA LCD device;
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[0038] FIG. 6 is a graph illustrating contrast characteristic
with respect to a viewing angle when an electric field is
applied to the RGB pixels and when an electric field is not
applied to the W pixel,

[0039] FIG. 7 is a graph illustrating contrast characteristic
with respect to a viewing angle when 3.3 V is applied to the
RGB pixels and the W pixel;

[0040] FIG. 8 is a graph illustrating contrast ratio directly
in front of the display versus an angle formed by a polarizing
axis and a liquid crystal molecule in the W pixel when the
electric field is applied to the W pixel;

[0041] FIG. 9 is a schematic plan view illustrating the
difference of operating directions of the RGB pixels and the
W pixel in a TN LCD device;

[0042] FIG. 10 is a graph illustrating contrast ratio versus
viewing angle when the electric field is not applied to the
RGB pixels and the electric field is applied to the W pixel;

[0043] FIG. 11 is a graph illustrating contrast ratio versus
viewing angle when the electric field is not applied to the
RGB pixels and the W pixel;

[0044] FIG. 12 is a graph illustrating contrast ratio directly
in front of the display versus an angle formed by the
polarizing axis and the liquid crystal molecule in a homo-
geneously aligned W pixel;

[0045] FIGS. 13Ato 13C are a schematic view illustrating
a multi-domain alignment method of a LCD device of the
related art;

[0046] FIG. 14 is a plan view illustrating a structure of a
color filter of LCD of the related art;

[0047] FIG. 15 is a schematic view illustrating an arrange-
ment of RGB pixels and a W pixel in which ribs are formed
according to an embodiment of the present invention;

[0048] FIG. 16 is a sectional view illustrating operation of
a liquid crystal molecule due to the ribs in a VA mode;

[0049] FIG. 17 is a plan view illustrating the arrangement
of the liquid crystal molecule in cases of powering the RGB
pixels and the W pixel off and on, respectively when
overlooking a single pixel;

[0050] FIG. 18 is a graph illustrating contrast ratio versus
viewing angle when a 3.3 v signal is applied to the RGB
pixels and a 0 V signal is applied to the W pixel;

[0051] FIG. 19 is a graph illustrating contrast ratio versus
viewing angle when a 3.3 V signal is applied to the RGB
pixels and the W pixel; and

[0052] FIG. 20 is a graph illustrating contrast ratio directly
in front of the display versus an angle formed by a polarizing
axis and a liquid crystal molecule in the W pixel when the
electric field is applied to the W pixel.

DETAILED DESCRIPTION OF THE
INVENTION

[0053] Reference will now be made in detail to an embodi-
ment of the present invention, examples of which is illus-
trated in the accompanying drawings.
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[0054] In general, a VA and a TN mode in which a liquid
crystal molecule is twisted between upper and lower sub-
strates by 90 degrees may be used to provide a wide viewing
angle display.

[0055] In the VA mode, the liquid crystal molecule is
vertically aligned when power is off and is horizontally
aligned when power is on so that the viewing angle is
improved.

[0056] In the TN mode, the liquid crystal molecule is
horizontally aligned for a normally white display when
power is off and rises along the electric field when power is
on.

[0057] The VA mode and the TN mode displays may
display an image visible at a wide viewing angle (See FIG.
2D).

[0058] But, ifa narrow viewing angle is desired, the image
is hardly visible because the contrast deteriorates for wide
viewing angles. However, even when the display is in a
narrow viewing angle mode, the contrast of the image
should not deteriorate (See FIG. 2B).

[0059] Thus, in the VA LCD and the TN LCD according
to embodiments of the present invention, a sub-pixel (here-
inafter, referred to as ‘RGB pixels’) in which RGB regions
are formed in a single pixel. Moreover, four color pixels
including a W pixel with a viewing angle characteristic
different from the RGB pixels form a single unit.

[0060] Inthe VA mode, when a wide viewing angle mode
is displayed, the image is displayed by turning the RGB
pixels on and the W pixel is turned off. Then, the same
viewing angle characteristic as that of the VA LCD panel of
the relate art may be obtained.

[0061] Next, when the narrow viewing angle mode is
displayed, the image is displayed by turning the RGB pixels
on and the W pixel is turned on. The W pixel has a viewing
angle characteristic different from those of the RGB pixels,
and the viewing angle control is enabled therein.

[0062] Inthe TN mode, when a wide viewing angle mode
is displayed, the image is displayed by the RGB pixels and
the W pixel is turned off. Then, the related art viewing angle
can be obtained.

[0063] Next, when the narrow viewing angle mode is
displayed, the image is displayed by turning the three RGB
pixels on and the fourth W pixel is switched from the off
state to the on state. The W pixel has a viewing angle
characteristic different from those of the RGB pixels, and the
viewing angle control is enabled therein.

[0064] Accordingly, when a direction where the liquid
crystal molecule in the W pixel is slanted by the electric field
is a direction (parallel to an absorbing axis of the polarizing
plate) different from a direction (45 degrees with respect to
the absorbing axis of the polarizing plate) where the liquid
crystal molecules in other RGB pixels are slanted by the
electric field, an optical characteristic different from those of
the RGB pixels can be obtained.

[0065] According to the alignment of the liquid crystal
molecules in the W pixel different from the alignment of the
liquid crystal molecules in the RGB pixels due to the electric
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field, the W pixel has an optical characteristic different from
those of the RGB pixels and the contrast is controlled to
control the viewing angle.

[0066] However, when a sub-pixel of the RGB pixels has
a region, used to display an image, where the liquid crystal
molecules are slanted at 45 degrees with respect to the
absorbing axis of the polarizing plate, and a region, used to
control the viewing angle, where the liquid crystal mol-
ecules are parallel to the absorbing axis of the polarizing
plate and the same viewing angle controlling function as that
of the W pixel, in addition to a usual displaying function of
the sub-pixel in the RGB pixels, the W pixel can be
eliminated.

[0067] In the present invention, the sub-pixel other than
the at least one LCD device or the part other than the LCD
device in the sub-pixel as a display device is a homogeneous
alignment sub-pixel or a VA sub-pixel for the VA LCD
device and a homogeneous alighment sub-pixel or a VA
sub-pixel for the TN LCD device.

[0068] FIG. 2A is a graph illustrating a relationship
between the contrast and the viewing angle in the narrow
viewing angle mode. FIG. 2B illustrates the narrow viewing
angle mode where the viewing angle becomes narrow due to
light emitted from the W pixel of the LCD panel 10.

[0069] FIG. 2A corresponds with FIG. 2B, and a portion
in FIG. 2A corresponding to the light (arrows indicated by
a reference numeral 12) emitted from the RGB pixels in the
central region of the LCD panel in FIG. 2B forms a peak of
the contrast graph.

[0070] Arrows 11 indicate incident light and arrows 13
indicate emitted light passing through the W pixel. A refer-
ence numeral 10 is assigned to the LCD panel.

[0071] As such, on the both lateral sides of the LCD panel
at wide viewing angles, the contrast of the emitted light is
more deteriorated than that of the RGB pixels due to the
emitted light indicated by the arrows 13.

[0072] In the present invention, the viewing angle is
controlled by controlling the contrast with respect to the
viewing angle.

[0073] FIG. 2C is a graph illustrating the contrast and the
viewing angle in a usual wide viewing angle mode.

[0074] FIG. 2D illustrates the state of incident light enter-
ing the LCD panel 10 and light emitted therefrom.

[0075] FIG. 2C corresponds to FIG. 2D and illustrates the
wide viewing angle obtained without the peak of the contrast
as illustrated in FIG. 2A that is formed by the light 12
emitted from the RGB pixels in the central region of the
LCD panel in FIG. 2D.

[0076] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. It is
apparent to those skilled in the art that the present invention
is not limited by the following embodiments of the present
invention and various modifications and variations thereof
can be made without departing from the spirit or scope of the
inventions.

[0077] In the present invention, in at least one pixel, at
least four sub-pixels including RGB pixels formed with
three color filters and a W pixel without a filter form a unit
pixel.
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[0078] For example, as illustrated in FIG. 3, the unit pixel
is effectively constructed by arranging each RGB pixel and
the W pixel in the form of 2x2 matrix. However, this is an
example of the unit pixel, and the unit pixel is not limited to
this example.

Embodiment 1

[0079] FIGS. 4A and 4B are sectional views illustrating
operation of a liquid crystal molecule of a VA LCD device.

[0080] In this embodiment, the LCD device employs the
VA mode, as illustrated in FIG. 4A, and because there is no
electric field when electric power is off, the liquid crystal
molecules 20 are vertically aligned with respect to a sub-
strate 21.

[0081] Because polarizing plates 22 are attached to a
liquid crystal module, a polarized incident light passes the
polarizing plates 22 without retardation and becomes black.
When power is applied to apply an electric field E to LCD,
because the liquid crystal molecule has a negative dielectric
anisotropy and intends to be perpendicular to the electric
flux, the liquid crystal molecule, as illustrated in FIG. 4B, is
aligned to be parallel to the substrate.

[0082] Moreover, in the present invention, because the-
alignment directions of the liquid crystal molecules of the
RGB pixels and the liquid crystal molecule of the W pixel
are different from each other when the power is applied, this
will be described hereinafter.

[0083] FIGS. 5A to 5D are schematic top views illustrat-
ing the aligned direction of the liquid crystal molecules in a
single pixel when the power is supplied to the RGB pixels
and the W pixel or not.

[0084] FIGS. 5A and 5B, on the left side in the drawing,
illustrate the operating direction of the liquid crystal mol-
ecules in the RGB pixels and FIGS. 5C and 5D, on the right
side in the drawing, illustrate the operating direction of the
liquid crystal molecules in the W pixel when the electric
field E is applied thereto or not. Here, a solid arrow and
dotted arrow indicate absorbing axes of the polarizing
plates.

[0085] The RGB pixels will be described with reference to
FIGS. 5A and 5B. Because the liquid crystal molecules are
vertically aligned when power is not supplied (FIG. 5A), the
liquid crystal molecules look like O (a circle). However,
when the power is supplied (FIG. 5B), the liquid crystal
molecules are aligned to being 45 degrees with respect to the
polarizing axis of the polarizing plate by forming a structure
or a slit in the LCD panel.

[0086] The liquid crystal molecules are aligned at an angle
with respect to the absorbing axis of the polarizing plate so
that the incident polarized light can have a retardation, and
light is emitted from the opposite polarizing plate to display
an image at a wide viewing angle.

[0087] The W pixel will be described with reference to
FIGS. 5C and 5D. Because the liquid crystal molecules in
the W pixel are vertically aligned when the power is not
applied (FIG. 5C), the liquid crystal molecules look like O
(a circle). However, when the power is applied (FIG. 5D),
the liquid crystal molecules are aligned parallel or vertical to
the absorbing axis of the polarizing plate. Usually, when
using the liquid crystal display device in the wide viewing
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angle mode, when the power is not applied to the W pixel,
the same viewing angle characteristic as that of the related
art vertical alignment liquid crystal display panel may be
obtained by the RGB pixels.

[0088] If the LCD device is used in the narrow viewing
angle mode, the electric field is applied such that the liquid
crystal molecules are aligned parallel to or vertical to the
absorbing axis of the polarizing plate. For example, as
illustrated in FIG. 5D, because the polarized light incident in
the direction indicated by the dotted arrow is not retarded,
the light is blocked. Because the polarized light is retarded
at a viewing angle in another direction (particularly, in the
direction indicated by the solid arrow), the light is emitted
from the W pixel so that the contrast deteriorates.

[0089] If there is a problem viewing an image in any
direction, for example, in another W pixel, when power is
applied, the liquid crystal molecules are aligned parallel to
the direction indicated by the solid arrow, namely, perpen-
dicular to the direction indicated by the dotted arrow so that
the liquid crystal molecules in two pixels in the direction
where the retardation does not occur (from which the light
is not emitted) are eliminated. By doing so, the light is
emitted in the right, left, upper, and downward directions so
that the viewing angle can be completely controlled.

[0090] Needless to say, when viewing an image in the
front direction, because the retardation does not occur in the
W pixel in which the liquid crystal molecules are aligned in
any direction, the light is hardly emitted so that the contrast
can be maintained.

[0091] From the above result, the present invention has a
property that is not found in the viewing angle controlling
technique of the related art. Also, the present invention may
reduce the manufacturing costs because there is no need for
new components, modification of the manufacturing pro-
cess, and the combination of two LCD panels.

[0092] Moreover, because the alignment direction of the
liquid crystal molecules can be controlled according to a
voltage in the W pixel, the viewing angle may be electrically
adjusted so that the viewing angle may be adjusted by setting
the area and the number of the W pixels.

[0093] This is an advantage of the present invention that
the viewing angle may be freely adjusted by a panel designer
or a user according to circumstances or his/her preference.

[0094] Hereinafter, the results of a simulation carried out
modeling the viewing angle characteristic control in this
embodiment of the present invention will be described. The
simulation has been carried out by employing the liquid
crystal optical device simulator LCD Master produced by
Xingtech Co.

[0095] In this embodiment, glass substrates of 0.7 mm
thickness are used as upper and lower substrates, an optical
system is designed to have And=0.56, an LCD panel with a
negative dielectric anisotropy (AS=—(negative) 4.1) is used,
and polarizing axes of the polarizing plates are respectively
defined by 45 degrees and 135 degrees.

[0096] The contrast has been estimated when a voltage of
3.3 V is applied. The RGB pixels are is designed such that
the liquid crystal molecules are slanted in the direction of 90
degrees according to the definition when the voltage is
applied. The W pixels are designed to be slanted in parallel



US 2007/0146610 A1l

in relation (according to the definition, in two directions at
45 degrees and 135 degrees) to the polarizing axes of two
upper and lower polarizing plates when the voltage is
applied.

[0097] FIG. 6 is a graph illustrating the contrast ratio with
respect to the viewing angle when 3.3 V is applied to the
RGB pixels and 0V is applied to the W pixels, namely, when
the RGB pixels are turned on and the W pixels are turned off.

[0098] FIG. 7 is a graph illustrating the contrast ratio with
respect to the viewing angle when 3.3 V is applied to the
RGB pixels and 3.3 V is applied to the W pixels, namely,
when the RGB pixels and the W pixels are turned on. In the
graphs, the vertical axis indicates the contrast ratio and the
horizontal axis indicates the viewing angle, respectively.
The respective curves in the graphs show results of the
simulation carried out at polar angles such as zero, 10, 20,
30, 40, 50, and 60 degrees.

[0099] From the above results, it can be understood that
the contrast with respect to the viewing angle in the polar
angle greatly deteriorates when the status of the W pixels is
changed from the on state to the off state so as to minimize
the deterioration of the front contrast.

[0100] The above result is an example. The area of the W
pixel may be optimized when designing the W pixel, and the
optimized viewing angle may be precisely controlled by a
user that controls the magnitude of a voltage to be applied
to the W pixels. These are advantages of the present inven-
tion.

[0101] FIG. 8 is a graph illustrating front contrast ratio
with respect to an angle formed between the polarizing axis
and the liquid crystal molecules within the W pixel when 3.3
V is applied to the W pixels. In the graph, the vertical axis
represents the contrast ratio and the horizontal axis repre-
sents the angle of the liquid crystal molecule with respect to
the polarizing axis, respectively. When the angle formed by
the polarizing axis and the direction where the liquid crystal
molecules are slanted is 0 (zero) degrees, namely, when the
polarizing axis is parallel to the slanted liquid crystal mol-
ecules, the contrast ratio becomes 1 (one). The curve on the
graph represents the contrast ratio at the angle between the
polarizing axis and the slanted liquid crystal molecules, 1 to
7 degrees.

[0102] According to the present invention, the contrast
ratio in the direction where the liquid crystal molecules are
slanted when a voltage is applied to the W pixels is superior
to that obtained when the liquid crystal molecules are
aligned parallel to the polarizing axis. However, as described
in detail with reference to FIG. 8, the front contrast gradually
deteriorates as the angle is increased from 0 (zero) degrees.

[0103] Referring to FIG. 7, when the contrast ratio is 100
to 200 in the direction of a 10 degree polar angle, because
the front contrast is 800 as illustrated in FIG. 7, in order to
maintain the contrast to be 100, it is preferred that the angle
between the polarizing axis and the slanted liquid crystal
molecules is less than at least 3 degrees.

[0104] As described above, it is preferred that the angle of
the liquid crystal molecules with respect to the polarizing
axis in the W pixels is 3 degrees to 0 (zero) degrees.

[0105] Moreover, in the present invention, although the
RGB pixels are used as a display device, another pixel
having a different color may be used as the display device.
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Embodiment 2

[0106] In this embodiment, a TN mode is used. In the TN
mode, the alignment directions of the liquid crystal mol-
ecules in the RGB pixels and the W pixels are different from
each other, and this will be described.

[0107] FIGS. 9A to 9D are schematic plan views illustrat-
ing the alignment directions of the liquid crystal molecules
in a pixel when the RGB pixels are powered on and the W
pixel is powered off.

[0108] FIGS. 9A and 9B, on the left side in the drawing,
illustrate the operating direction of the liquid crystal mol-
ecules in the RGB pixels and FIGS. 9C and 9D, on the right
side in the drawing, illustrate the operating direction of the
liquid crystal molecules in the W pixel when the electric
field E is applied thereto or not. Here, a solid arrow and
dotted arrow indicate the absorbing axes of the polarizing
plates.

[0109] The operation of the RGB pixels will be described
with reference to FIGS. 9A and 9B. Because the liquid
crystal molecules rise when power is applied (FIG. 9A), the
liquid crystal molecules look like O (a circle). However,
when the power is not applied (FIG. 9B), the liquid crystal
molecules are aligned with the absorbing axis (a rubbing
direction) of the polarizing plate.

[0110] Asillustrated in FIG. 9B, the alignment direction of
the liquid crystal molecules of the TN RGB pixels is twisted
by 90 degrees when the electric field is not applied and
normally the RGB pixels are normally white. When the
electric field is applied, as illustrated in FIG. 9A, the liquid
crystal molecules are aligned in the direction where the
liquid crystal molecules rise by the electric field.

[0111] Meanwhile, as illustrated in FIGS. 9C and 9D,
because the liquid crystal molecules in the W pixel are
homogenously aligned parallel to the rubbing direction
when the electric field is not applied, the alignment direction
of the liquid crystal molecules is not twisted. When the
electric field is applied, the liquid crystal molecules are
aligned with the direction where the liquid crystal molecules
rise due to the electric field (See FIG. 9C).

[0112] In a normal mode, the W pixels are powered off,
and the same viewing angle characteristic as that of the
related art TN LCD panel may be obtained by the RGB
pixels. If the narrow viewing angle mode is desired, the
electric field is applied to the W pixels so that the liquid
crystal molecules are aligned in the direction where the
liquid crystal molecules rise.

[0113] By doing so, for example, as illustrated in FIG. 9,
because the polarized light at a viewing angle indicated by
the dotted arrow is not retarded, the light is blocked. Because
the polarized light is retarded at a viewing angle in another
direction (particularly, in the direction indicated by the solid
arrow), the light is emitted from the W pixels so that the
contrast deteriorates.

[0114] If there is a problem viewing an image in any
direction, for example, the liquid crystal molecules in other
adjacent W pixels are aligned parallel to the direction
indicated by the solid arrow, namely, perpendicular to the
direction indicated by the dotted arrow when the electric
field is not applied, so that the directions where the retar-
dation does not occur (from which the light is not emitted)
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in two pixels are minimized. By doing so, the light is emitted
in the right, left, upper, and downward directions so that the
viewing angle may be completely controlled.

[0115] Needless to say, when viewing an image in the
front direction, because the retardation does not occur in the
W pixels in which the liquid crystal molecules are aligned in
any direction, the light is not emitted so that the contrast may
be maintained.

[0116] The LCD panel may be manufactured using the
manufacturing technology of the related art. In this embodi-
ment where the TN LCD panel is employed, the liquid
crystal molecules in the RGB pixels should have a 90
degrees twist (See F1G. 9B), and the liquid crystal molecules
in the W pixel should have a 0 degree twist (homogeneous)
(See FIG. 9D).

[0117] Thus, in any one of a color filter substrate and a
TFT substrate, the rubbing directions of the RGB pixels and
the W pixel should be changed by 90 degrees (See the solid
arrows in FIGS. 9E and 9F).

[0118] In order to complete this, the rubbing directions in
the RGB pixels, as illustrated in FIG. 9E, are crossed over
each other in the upper and lower substrates, and the rubbing
directions in the W pixel, as illustrated in FIG. 9F, are
parallel to each other in the upper and lower substrates.

[0119] According to the rubbing techniques widely used
now, because the liquid crystal molecules in the respective
pixels should be aligned in the same direction, there is a need
of a technique to align the liquid crystal molecules in the
different directions in the RGB pixels and the W pixel.

[0120] As the above-mentioned technique, for example,
Japanese Unexamined Patent Application Publication No.
2001-166309 discloses a multi-domain alignment technique.
Hereinafter, the disclosed multi-domain alignment tech-
nique will be described.

[0121] FIGS.13Ato13C are a schematic view illustrating
a manufacturing method of a LCD device that is the object
of the above patent document. A reference numeral 31 is
assigned to an alignment film in which the liquid crystal
molecules may be aligned, a reference numeral 33 is
assigned to a transparent substrate, a reference numeral 34
is assigned to a first alignment part on which a light is not
irradiated during a light irradiation using a mask 33, a
reference numeral 35 is assigned to a second alignment part
on which a light is irradiated during the light irradiation, and
a reference numeral 36 is assigned to a light source.

[0122] Hereinafter, the multi-domain alignment technique
will be described with reference to FIGS. 13A to 13C.

[0123] As illustrated in FIG. 13A, a first rubbing process
is preformed on the alignment film 31 formed on the
transparent substrate 32. Sequentially, as illustrated in FIG.
13B, a light is irradiated from the light source 36, such as
Deep-UV, UV or a He—Ne laser, on to the alignment film
31 through the mask 33. Accordingly, there are formed the
first alignment part 34 where the light is not irradiated on the
alignment film 31 and the second alignment part 35 where
the light is irradiated.

[0124] Here, because the light is not irradiated, the first
alignment part 34 maintains a pretilt angle during the first
rubbing process. However, on the second alignment part 35,
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because the light is irradiated, the molecular chains of the
alignment film 31 are decomposed, polymerized, or isomet-
ized, so that the pretilt angle is changed.

[0125] Next, as illustrated in FIG. 13C, in a direction
different from the first rubbing direction, a second rubbing
weaker than the first rubbing is carried out. By doing so, the
first alignment part 34 and the second alignment part 35
having different pretilt angles are processed by the second
rubbing under a rubbing condition different from the first
rubbing, so that the pretilt angles of the first alignment part
34 and the second alignment part 35 are different from each
other, and the multi-domain alignment is achieved.

[0126] Hereinafter, the results of a simulation of the
viewing angle characteristic control in the above embodi-
ment will be described. The conditions of the simulation are
identical to that of the first embodiment except for the liquid
crystals having a positive dielectric anisotropy.

[0127] FIG. 10 is a graph illustrating contrast ratio versus
viewing angle when the electric field is applied to only the
RGB pixels.

[0128] FIG. 11 is a graph illustrating contrast ratio versus
viewing angle when the electric field is applied to the RGB
pixels and the W pixel and two W pixels are divided in the
direction where the retardation does not occur (a light is not
emitted).

[0129] From this result, it may be understood that the
contrast at the polar angle O (zero) degree may be maintained
but the contrast at the polar angles 10 to 30 degrees are
extremely reduced. This represents where the W pixel does
not emit a light from the front side thereof, but the light is
emitted and the contrast is deteriorated when the polar angle
increases.

[0130] From this result, it may be understood that the
contrast with respect to the viewing angle in the polar angle
is greatly reduced when the status of the W pixels is changed
from the on state to the off state so as to minimize the
deterioration of the front contrast.

[0131] From the above result, the present invention may
greatly reduce the manufacturing costs because of having a
characteristic that is not proposed by the related art viewing
angle controlling technique, so there is no necessity for new
components and the combination of two LCD panels.

[0132] Moreover, the area of the W pixel may be opti-
mized when designing the W pixels, and because the align-
ment of the liquid crystal molecules in the W pixel may be
controlled according to a voltage, the precision of the
controlling viewing angle may be electrically adjusted.

[0133] By doing so, a user may freely adjust the viewing
angle according to a circumstance or their preference and
this is an advantage of the present invention.

[0134] FIG. 12 is a graph illustrating a front contrast ratio
versus angle formed by the polarizing axis and the liquid
crystal molecules in the homogeneous aligned W pixel. In
the graph, a vertical axis represents a contrast ratio and a
horizontal axis represents an angle of the liquid crystal
molecule with respect to the polarizing axis, respectively.
When the angle formed by the polarizing axis and the
direction where the liquid crystal molecules are slanted is 0
(zero) degrees, namely, when the polarizing axis is parallel
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to the slanted liquid crystal molecules, the contrast ratio
becomes 1 (one). The curve in the graph represents the
contrast ratio at the angle between the polarizing axis and the
slant liquid crystal molecules, 1 to 7 degrees.

[0135] According to the present invention, the contrast
characteristic in the direction where the liquid crystal mol-
ecules are slanted when a voltage is applied to the W pixels
is superior to that obtained when the liquid crystal molecules
are aligned parallel to the polarizing axis. However, as
described in detail with reference to FIG. 12, the front
contrast is gradually reduced as the angle is increased from
0 (zero) degrees. In this drawing, in order to vary the
contrast from 700 to 100 (1/7=0.15), the angle between the
polarizing axis and the slanted liquid crystal molecules
should be less than at least 6 degrees.

[0136] As described above, it is more preferred that the
angle of the liquid crystal molecules with respect to the
polarizing axis in the W pixels is 6 degrees to 0 (zero)
degrees.

[0137] Moreover, in this embodiment, although the RGB
pixels and the W pixel are implemented in the TN LCD
panel, it is possible to implement the RGB pixels in the TN
mode and the W pixel in the VA mode. Also, it is possible
to implement the RGB pixels in the VA mode and the W
pixel in the TN mode.

Embodiment 3

[0138] As described above, the VA type LCD has a struc-
ture in which the liquid crystal molecule is slanted toward
the vertical direction along the electric field, when power is
applied. However, the respective slant directions of the
liquid crystal molecules are not turned to one direction, and
random light cannot be switched effectively.

[0139] Thus, in order to incline the liquid crystal mol-
ecules toward a predetermined direction, several known
methods are used such as a method of forming a rib-shaped
protrusion, a method of forming slit, and a method of
irradiating a inclined light to the liquid crystal to form an
angle. In this embodiment of the present invention, a LCD
device in which a viewing angle may be controlled by
forming a rib-shaped structure that is capable of precisely
controlling a direction control and may be manufactured
cheaply and a color filter used in the LCD will be described.

[0140] FIG. 14 is a plan view illustrating a related art color
filter in which ribs are formed. As illustrated in FIG. 14,
rib-shaped protrusions 36 are formed in the color filter, and
the liquid crystal molecules are controlled to be slanted at a
direction perpendicular to a longitudinal direction due to
influence of the rib-shaped protrusions 36 when the liquid
crystal molecules are slanted by the electric field.

[0141] FIG. 15 is a schematic view illustrating an arrange-
ment of RGB pixels and W pixel in which the rib-shaped
protrusions 36 are formed according to an embodiment of
the present invention. The arrangement of the RGB pixels
and the W pixel are not limited to this, but the RGB pixels
and the W pixel may be arranged as illustrated in FIG. 3.

[0142] As illustrated in FIG. 15, the ribs arranged in the
RGB pixels and the ribs arranged in the W pixel are arranged
to form a predetermined angle, preferably, 45 degrees, with
respect to the longitudinal direction.
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[0143] FIG. 16 is a sectional view illustrating operation of
a liquid crystal molecule due to the ribs 36 in a VA mode.
Because the VA mode is employed in this embodiment, the
arrangement of the liquid crystal molecules is identical to
that as illustrated in FIG. 3, and because there is no electric
field when power is not applied as illustrated in FIG. 16, the
liquid crystal molecules are vertically arranged with respect
to the substrate.

[0144] Because polarizing plates 22 are attached to a
liquid crystal device polarized light passes the polarizing
plates 22 without retardation, and the display becomes
black. When power is applied to apply an electric field to the
polarizing plates 22, because the liquid crystal molecules
have a negative dielectric anisotropy and intend to be
vertical to the electric flux, the directions of the liquid crystal
molecules are changed to a direction slanted from the
vertical direction.

[0145] Thus, in this embodiment of the present invention,
because the direction to which the liquid crystal molecules
are slanted is controlled, the ribs 36 are arranged, as illus-
trated in FIG. 16, using the characteristic of the liquid crystal
molecules to be slanted into a direction perpendicular to the
longitudinal direction of the ribs so as to control the slant
direction of the liquid crystal molecules.

[0146] In the present invention having the viewing angle
controlling function, when the power is applied between the
liquid crystal molecules in the RGB pixels and the liquid
crystal molecule in the W pixel, the alignment direction of
the molecules in the RGB pixels and the W pixel must be
different from each other. Hereinafter, this difference will be
described.

[0147] FIG. 17 is a plan view illustrating the alignment
direction of the liquid crystal molecules in a single pixel
when the power is applied to the RGB pixels and the W pixel
or not.

[0148] FIGS. 17A and 17B illustrate the operating direc-
tion of the liquid crystal molecules in the RGB pixels, and
FIGS. 17C and 17D illustrate the operating direction of the
liquid crystal molecules in the W pixel when the electric
field is applied thereto or not.

[0149] Here, a solid arrow and a dotted arrow indicate
absorbing axes of the polarizing plates. In FIGS. 17A and
17B, because the liquid crystal molecules are vertically
aligned when power is not applied, the liquid crystal mol-
ecules look like O (a circle). However, when the power is
applied, the ribs 36 are arranged in the LCD panel to be 45
degrees with respect to absorbing axis of the polarizing
plates so as to control the slant direction of the liquid crystal
molecules.

[0150] By doing so, the liquid crystal molecules are
aligned at an angle with respect to the absorbing axis of the
polarizing plate so that the polarized light may be retarded
and light is emitted from the opposite polarizing plate to
display an image at a wide viewing angle.

[0151] Meanwhile, the W pixel will be described with
reference to FIGS. 17C and 17D. Because the liquid crystal
molecules in the W pixel are vertically aligned when the
power is not applied, the liquid crystal molecules look like
O (a circle). However, because the ribs 36 are arranged
different from those of the RGB pixels when the power is
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applied, the liquid crystal molecules are aligned parallel or
vertical to the absorbing axis of the polarizing plates.

[0152] Usually, when using the LCD device in the wide
viewing angle mode, when the power is not applied to the W
pixel, the same viewing angle characteristic as that of the VA
LCD panel of the related art may be obtained by the RGB
pixels.

[0153] If the LCD device is used in the narrow viewing
angle mode, the electric field is applied such that the liquid
crystal molecules are aligned parallel to or vertical to the
absorbing axis of the polarizing plate. For example, as
illustrated in FIG. 17, because the polarized light in the
direction indicated by the solid arrow is not retarded, the
light is blocked. Because the polarized incident light is
retarded at a viewing angle in another direction (particularly,
in the direction indicated by the dotted arrow), the light is
emitted from the W pixel so that the contrast is reduced.

[0154] If it is not sufficient to make the viewing angles in
two directions (a right-handed direction and a left-handed
direction in the above example) be narrow, for example, in
a W pixel of an adjacent column, the ribs of the W pixel are
formed to be parallel to the direction indicated by the dotted
arrow and to be perpendicular to the direction indicated by
the solid arrow when the power is supplied so that the liquid
crystal molecules in two W pixels interrupt the direction
where the retardation does not occur (from which the light
is not emitted). By doing so, the light is emitted in four
directions (the right, left, upper, and downward directions)
so that the viewing angle may be completely controlled.

[0155] Needless to say, in the front direction, because the
retardation does not occur from the W pixel in which the
liquid crystal molecules are aligned in any direction, the
light is hardly emitted so that the contrast may be main-
tained.

[0156] This configuration may be implemented, for
example, as illustrated in FIG. 15, by forming the ribs 36
perpendicular to the longitudinal directions of each other in
a single W pixel among W pixels.

[0157] Moreover, a sub-pixel of the RGB pixels has a
region having the rib-shaped structure being slanted at 45
degrees with respect to the absorbing axis of the polarizing
plate used to display an image and a region having a
rib-shaped structure being parallel to the absorbing axis of
the polarizing plates used to control the viewing angle, and
these structures are added to the usual displaying function of
the sub-pixels of the RGB pixels to have the same viewing
angle function as that of the W pixel so that the W pixel may
be eliminated.

[0158] Hereinafter, the results of a simulation carried out
for the viewing angle characteristic control of this embodi-
ment of the present invention will be described. The simu-
lation has been carried out by employing a liquid crystal
optical device simulator LCD Master produced by Xingtech
Co.

[0159] In this embodiment, glass substrates of 0.7 mm
thickness are used as upper and lower substrates, an optical
system is designed to have And=0.56, a LCD panel with a
negative dielectric anisotropy (AG=—(negative) 4.1) is used,
and polarizing axes of the polarizing plates are respectively
defined as 45 degrees and 135 degrees.
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[0160] The contrast has been estimated when a voltage of
3.3 Vis applied. The RGB pixels are designed such that the
liquid crystal molecules are slanted in the direction of 90
degrees when the voltage is applied. The W pixels are
designed to be slanted in parallel in relation (according to the
definition, in two directions at 45 degrees and 135 degrees)
to the polarizing axes of two upper and lower polarizing
plates.

[0161] FIG. 18 is a graph illustrating a contrast ratio
versus viewing angle when 3.3 V is applied to the RGB
pixels and 0 V is applied to the W pixels, namely, when the
RGB pixels are turned on and the W pixels are turned off.

[0162] FIG. 19 is a graph illustrating a contrast character-
istic with respect to a viewing angle when 3.3 V is applied
to the RGB pixels and 3.3 V is applied to the W pixels,
namely, when the RGB pixels and the W pixels are turned
on. In the graphs, a vertical axis indicates the contrast ratio
and a horizontal axis indicates the viewing angle, respec-
tively. The respective curves in the graphs show results of
the simulation carried out at polar angles such as zero, 10,
20, 30, 40, 50, and 60 degrees.

[0163] From the above results, it may be understood that
the contrast ratio versus viewing angle in the polar angle is
greatly reduced when the status of the W pixels is changed
from the on state to the off state so as to minimize the
deterioration of the front contrast.

[0164] The above result is only an example. The area of
the W pixel may be optimized when designing the W pixel,
and the optimized viewing angle may be precisely controlled
by a user that controls the magnitude of a voltage to be
applied to the W pixels. These are advantages of the present
invention.

[0165] FIG. 20 is a graph illustrating front contrast ratio
versus the angle formed between the polarizing axis and the
liquid crystal molecules within the W pixel when 3.3 V is
applied to the W pixels. In the graph, the vertical axis
represents a contrast ratio and the horizontal axis represents
an angle of the liquid crystal molecule with respect to the
polarizing axis, respectively. When the angle formed by the
polarizing axis and the direction where the liquid crystal
molecules are slanted is 0 (zero) degrees, namely, when the
polarizing axis is parallel to the slant liquid crystal mol-
ecules, the contrast ratio becomes 1 (one). A curve in the
graph represents the contrast ratio at the angle between the
polarizing axis and the slant liquid crystal molecules, from
1 to 7 degrees.

[0166] According to an aspect of the present invention, the
contrast characteristic in the direction where the liquid
crystal molecules are slanted when a voltage is applied to the
W pixels is superior to that obtained when the liquid crystal
molecules are aligned parallel to the polarizing axis. How-
ever, as described in detail with reference to FIG. 20, the
front contrast gradually reduces as the angle is increased
from 0 (zero) degree.

[0167] Referring to FIG. 19, when a contrast is 100 to 200
in the direction of 10 degrees polar angle, because the front
contrast is 800 as illustrated in FIG. 19, in order to maintain
the contrast to be 100, it is preferred that the angle between
the polarizing axis and the slant liquid crystal molecules is
less than at least 3 degrees.



US 2007/0146610 A1l

[0168] As described above, it is more preferred that the
angle of the liquid crystal molecules with respect to the
polarizing axis in the W pixels is 3 degrees to 0 (zero)
degrees.

[0169] Moreover, in the present invention, although the
RGB pixels are used as a display device, a pixel with other
color may be used as the display device.

[0170] In addition, according to the present invention, a
light is simply controlled in the W pixel to lower the
contrast, and it is possible to control the viewing angle by
which the RGB pixels display an image different from an
image or information to be originally displayed.

[0171] According to the present invention, there is no need
of a component to collimate a light as employed in the
related art, and the problem of the viewing angle may be
solved by a single LCD panel without the combination of
two LCD panels, and the LCD device according to the
present invention is operated by the related art backlight
technology. Thus, the manufacturing costs may be reduced
and the LCD may be manufactured cheaply in commercial
quantity.

[0172] Moreover, a user controls a voltage applied to the
pixels so that the controlling of the optimal viewing angle
may be minutely adjusted by the user.

[0173] It will be apparent to those skilled in the art that
various modifications and variations may be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover 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:

at least one pixel including at least one color sub-pixel and
at least one white sub-pixel,

wherein liquid crystal molecules in the white sub-pixel
are aligned to be driven in a different direction than
liquid crystal molecules in the color sub-pixel.

2. The device according to claim 1, wherein the liquid
crystal display device is a VA mode device.

3. The device according to claim 2, further comprising a
controller that controls the liquid crystal molecule with an
electric field in the color sub-pixel and the white sub-pixel.

4. The device according to claim 3, wherein the controller
includes at least one rib-shaped structure.

5. The device according to claim 4, wherein the rib-
shaped structure in the white sub-pixel is arranged to have
an angle with respect to a longitudinal direction of the
rib-shaped structure in the sub-pixel.

6. The device according to claim 5, wherein the angle is
about 45 degrees.

7. The device according to claim 1, wherein the liquid
crystal display device is a TN mode device.

8. The device according to claim 2, wherein the white
sub-pixel is one of a homogeneous alignment type and a
vertical alignment type.

9. The device according to claim 7, wherein the white
sub-pixel is one of a homogeneous alignment type and a
vertical alignment type.
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10. The device according to claim 6, wherein the liquid
crystal molecules in the color sub-pixel are vertically
aligned when in an off state and the direction of the liquid
crystal molecules is changed to a direction other than a
direction parallel to an absorbing axis of at least one
polarizing plate when in an on state; and

wherein the liquid crystal molecules in the white sub-
pixel are vertically aligned when in an off state and the
direction of the liquid crystal molecules is changed to
about 3 degrees to about 0 (zero) degrees with respect
to the absorbing axis of the at least one polarizing plate
when in an on state.

11. The device according to claim 7, wherein the liquid
crystal molecules in the color sub-pixel rise along an electric
field when in an on state and are twisted between polarizing
plates when in an off state; and

wherein the liquid crystal molecules in the white sub-
pixel rise along the electric field and the direction of the
liquid crystal molecule is changed to about 6 degrees to
0 (zero) degrees with respect to an absorbing axis of at
least one polarizing plate and so is homogeneously
aligned when in an on state.

12. The device according to claim 1, wherein the pixel
includes a plurality of color sub-pixels with R, G, and B
colors for displaying video.

13. The device according to claim 1, wherein the white
sub-pixel is one of a no-colored sub-pixel and a colored
sub-pixel.

14. A liquid crystal display device comprising:

at least one pixel including at lease one color sub-pixel
and at least one white sub-pixel; and

a liquid crystal molecule alignment controller to adjust a
contrast ratio of the liquid crystal display,

wherein the liquid crystal molecules are aligned at an
angle of one of about 3 degrees to about 0 (zero)
degrees and about 6 degrees to about 0 (zero) degrees
with respect to an absorbing axis of at least one
polarizing plate in one of the color sub-pixel and the
white sub-pixel by the liquid crystal molecule align-
ment controllet.

15. The device according to claim 14, wherein the liquid
crystal display device is a VA mode device.

16. The device according to claim 14, wherein the liquid
crystal display device is a TN mode device.

17. The device according to claim 15, wherein the white
sub-pixel is one of a homogeneous alignment type and a
vertical alignment type.

18. The device according to claim 16, wherein the white
sub-pixel is one of a homogeneous alignment type and a
vertical alignment type.

19. The device according to claim 10, wherein the liquid
crystal molecules aligned in the white sub-pixel are aligned
differently from liquid crystal molecules aligned in the color
sub-pixel.

20. The device according to claim 15, wherein the liquid
crystal molecules in the sub-pixel are vertically aligned
when in an off state and the direction of the liquid crystal
molecules is changed to a direction other than a direction
parallel to an absorbing axis of one polarizing plate when in
an on state; and
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wherein the liquid crystal molecules in the white sub-
pixel are vertically aligned when in an off state and the
direction of the liquid crystal molecules is changed to
about 3 degrees to about 0 (zero) degrees with respect
to the absorbing axis of the at least one polarizing plate
when in an on state.

21. The device according to claim 16, wherein the liquid
crystal molecules in the sub-pixel rise along an electric field
when in an on state and are twisted between polarizing plates
when in an off state; and

wherein the liquid crystal molecules in the white sub-
pixel rise along the electric field and the direction of the
liquid crystal molecules are changed to about 6 degrees
to about 0 (zero) degree with respect to an absorbing
axis of at least one polarizing plate when in an on state
and are homogeneously aligned when in an off state.

22. The device according to claim 14, wherein the pixel
includes a plurality of color sub-pixels with R, G, and B for
displaying video.

23. The device according to claim 14, wherein the white
sub-pixel is at least one of a no-colored sub-pixel and
colored sub-pixel or the white sub-pixel is colored in the
substantially same color as that of the sub-pixel to control a
viewing angle.

24. A method for controlling a viewing angle of a liquid
crystal display device comprising:

aligning liquid crystal molecules in one color sub-pixel
and at least one white sub-pixel in one pixel, wherein
the liquid crystal molecules in the white sub-pixel are
aligned differently from the liquid crystal molecules in
the color sub-pixel; and

controlling a viewing angle by applying an electric field

to the sub-pixel and the white sub-pixel.

25. The method according to claim 24, wherein the liquid
crystal display device is a VA mode device.

26. The method according to claim 24, wherein the liquid
crystal display device is a TN mode device,

27. The method according to claim 25, wherein the white
sub-pixel is at least one of a homogeneous alignment type
and a vertical alignment type.

28. The method according to claim 26, wherein the white
sub-pixel is at least one of a homogeneous alignment type
and a vertical alighment type.

29. The method according to claim 25, wherein the liquid
crystal molecules in the sub-pixel are vertically aligned
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when in an off state and the direction of the liquid crystal
molecules is changed to a direction other than a direction
parallel to an absorbing axis of one polarizing plate when in
an on state; and

wherein the liquid crystal molecules in the white sub-
pixel are vertically aligned when in an off state, and the
direction of the liquid crystal molecules is changed to
about 3 degrees to about 0 (zero) degrees with respect
to the absorbing axis of the at least one polarizing plate
when in an on state.

30. The method according to claim 26, wherein the liquid
crystal molecules in the sub-pixel rise along an electric field
when in an on state and are twisted between polarizing plates
when in an off state; and

wherein the liquid crystal molecules in the white sub-
pixel rise along the electric field and the direction of the
liquid crystal molecules is changed to about 6 degrees
to about 0 (zero) degrees with respect to an absorbing
axis of at least one polarizing plate when in an on state
and are homogeneously aligned when in an off state.

31. The method according to claim 24, wherein the pixel
includes a plurality of sub-pixels with R, G, and B for
displaying video.

32. The method according to claim 24, wherein the white
sub-pixel is at least one of no-colored sub-pixel and colored
sub-pixel or the white sub-pixel is colored in the substan-
tially same color as that of the sub-pixel to control a viewing
angle.

33. A liquid crystal display device comprising:

at least one pixel including one color sub-pixel and at least
one white sub-pixel; and

a controller that controls the slant of the liquid crystal
molecules with respect to an electric field in the color
sub-pixel and the white sub-pixel.

34. The device according to claim 33, wherein the con-

troller has a rib-shaped structure.

35. The device according to claim 33, wherein the rib-
shaped structure in the white sub-pixel is arranged to have
an angle with respect to a longitudinal direction of the
rib-shaped structure in the sub-pixel.

36. The device according to claim 35, wherein the angle
is about 45 degrees.
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