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(57) ABSTRACT

A liquid crystal display device is disclosed, which can
control a viewing angle in vertical and horizontal directions
without forming a specific liquid crystal display panel, the
liquid crystal display device comprising a display screen
including a plurality of color pixels and liquid crystal
molecules; and a viewing-angle control pixel controlling the
liquid crystal molecules, an alignment direction of the liquid
crystal molecules being inclined to a vertical or horizontal
direction in the display screen, wherein the viewing-angle
control pixel is formed independently of RGB pixels, to
thereby control the viewing angle in the horizontal and
vertical directions.
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FIG. 2B
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FIG. 4A
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FIG. 5
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FIG. 11
SXGA (1280#3+1024)
X Driver(1280+3)
L | [ 1
-
Y Driver(1024) Display Area

Control signal of a viewing angle

X Driver

[RH [GH BH [20H
[RH [GH [BIH[20H [RH [GH [BIH[20H
[RH [GH [BH[20H [R}

Control signal of a viewing angle



Patent Application Publication Aug. 2,2007 Sheet 10 of 14 US 2007/0176872 Al

FIG. 12A
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Japanese
Patent Application Nos. P2005-377201, P2005-377203 and
P2005-377204, filed on Dec. 28, 2005, all of which are
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 which can control a viewing angle.

[0004] 2. Discussion of the Related Art

[0005] Liquid crystal displays, especially, liquid crystal
displays using thin film transistors (TFT) as switching
devices have been widely used in various applications from
mobile phones to large-sized televisions.

1. Field of the Invention

[0006] In practice, it has been preferable to provide an
LCD device having a wide-viewing angle, of which display
information can be viewed by a large number of persons.

[0007] More recently, there has been proposed a display
having the secret mode (for example, Japanese Unexamined
Publication No. 5-72529).

[0008] FIG. 13 is a view of illustrating a related art LCD
device having a secret mode.

[0009] Referring to FIG. 13, when using a backlight that
emits light to the rear surface of a liquid crystal display
panel, the backlight necessarily requires the high directivity.

[0010] Between the common liquid crystal display panel
and the backlight having the high directivity, there is another
liquid crystal display panel for switching between a scat-
tered state and an unscattered state, for example, a polymer
dispersed type liquid crystal display panel (a scattering-
unscattering switching layer).

[0011] When the scattering-unscattering switching layer is
in an unscattered state, the light emitted from the backlight
proceeds only to the front direction. Thus, if the person is
positioned at the side of the liquid crystal display panel, it is
impossible for the person positioned at the side to view the
displayed image.

[0012] On the other hand, if the scattering-unscattering
switching layer is in a scattered state, the light emitted from
the backlight proceeds to the side directions as well as the
front direction. Thus, even though the person is positioned
at the side of the liquid crystal display panel, it is possible
to view the displayed image. Consequently, a large number
of persons can view the image displayed on the liquid crystal
display panel.

[0013] In this case, it is necessary to fabricate a specific
liquid crystal display panel that is different from the com-
mon liquid crystal display panel. Therefore, the manufac-
turing costs are increased.

[0014] In order to solve this problem, there has been
proposed a related art Fringe Field Switching (FFS) mode
LCD device provided with a common electrode having a
shape of “<”, to realize a wide viewing angle.

[0015] FIG. 14 is a plan view of illustrating each of RGB
pixels for a related art FFS mode LCD device. FIGS. 15A
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and 15B are views of illustrating the operation of liquid
crystal molecules according as the voltage is applied to a
related art FFS mode LCD device or not.

[0016] As illustrated in FIG. 14, the related art FFS mode
LCD device includes a common electrode which is formed
in shape of “<”, so as to regulate the inclination direction of
liquid crystal.

[0017] As illustrated in FIG. 15A, if the voltage is not
applied to the LCD device, the liquid crystal molecules are
aligned in the vertical direction. If the voltage is applied to
the LCD device, the liquid crystal molecules are inclined in
the predetermined direction based on the effect of the
electric field inclined by the common electrode, that is, the
direction substantially perpendicular to the extending direc-
tion of the common electrode, as illustrated in FIG. 15B. As
a result, the liquid crystal molecules are inclined to the two
directions corresponding to the “<” shape, whereby the LCD
device has the good viewing angle.

[0018] However, the related art LCD device has the fol-
lowing problems.

[0019] Even though the visibility for the specific direction
in the LCD device can be improved resulting from the

<”-shaped common electrode, it is impossible to obtain the
display of confidentiality on demand

SUMMARY OF THE INVENTION

[0020] Accordingly, the present invention is directed to a
Fringe Field Switching (FFS) mode LCD that which sub-
stantially obviates one or more problems due to limitations
and disadvantages of the related art.

[0021] An advantage of the present invention is to provide
an FFS mode LCD device that can control a viewing angle
in vertical and horizontal directions without forming a
specific liquid crystal display panel of a predetermined
structure.

[0022] To achieve these and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a liquid crystal display device
comprises a display screen including a plurality of color
pixels and liquid crystal molecules; and a viewing-angle
control pixel controlling the liquid crystal molecules, an
alignment direction of the liquid crystal molecules being
inclined to a vertical or horizontal direction in the display
screen.

[0023] At this time, a viewing-angle control signal is
commonly applied to the plurality of viewing-angle control
pixels in the display screen without a switching element.

[0024] In addition, the LCD device includes a viewing-
angle control voltage adjuster which adjusts a center value
of the viewing-angle control signal to be substantially iden-
tical to a common voltage of the color pixel.

[0025] Furthermore, the LCD device includes a color pixel
driver which applies the signal to the color pixel, and is
formed at one side of the display screen; and a viewing-
angle control pixel driver which applies the signal to the
viewing-angle control pixel, and is formed at the other side
of the display screen.

[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] 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

[0028] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0029] FIG. 1 is a plan view illustrating each of RGB
pixels and a viewing-angle control pixel in an LCD device
according to one embodiment of the present invention;

[0030] FIGS. 2A and 2B are views for explaining the
operation of liquid crystal molecules in a viewing-angle
control pixel illustrated in FIG. 1;

[0031] FIG. 3 is a view illustrating the luminance distri-
bution of viewing-angle dependency based on the applica-
tion of voltage in a viewing-angle control pixel according to
an embodiment of the present invention;

[0032] FIGS. 4A and 4B are another plan views illustrat-
ing each of RGB pixels and a viewing-angle control pixel in
an LCD device according to an embodiment of the present
invention;

[0033] FIG. 5 is another view illustrating the luminance
distribution of viewing-angle dependency based on the
application of voltage in a viewing-angle control pixel
according to an embodiment of the present invention;

[0034] FIG. 6is an expanded plan view of a viewing-angle
control pixel illustrated in FIG. 1;

[0035] FIG. 7 is another expanded plan view of a viewing-
angle control pixel shown in FIG. 1;

[0036] FIG. 8 illustrates the relation between a common
voltage (Vcom) and an AC-applying voltage of each of RGB
pixels;

[0037] FIG. 9 is a view illustrating a wavelength of a
signal line of a DOT inversion in an LCD device according
to an embodiment of the present invention;

[0038] FIGS. 10A and 10B are views of explaining the
addition of a driver for the control of viewing angle to an
LCD device according to an embodiment of the present
invention;

[0039] FIG. 11 is a view for explaining the addition of a
driver for the control of viewing angle to an LCD device
according to an embodiment of the present invention;

[0040] FIGS. 12A and 12B are views illustrating a wave-
length of a signal line of a DOT inversion according to an
embodiment of the present invention;
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[0041] FIG. 13 is a view illustrating a related art LCD
device having a secret mode;

[0042] FIG. 14 is a plan view illustrating each of RGB
pixels in a related art FFS mode LCD device; and

[0043] FIGS. 15A and 15B are views illustrating the
operation of liquid crystal molecules when a voltage is
applied to a related art FFS mode LCD device.

DETAILED DESCRIPTION OF THE
INVENTION

[0044] Reference will now be made in detail to the
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

[0045] Hereinafter, an LCD device according to the
present invention will be described with reference to the
accompanying drawings.

[0046] FIG. 1 is a plan view illustrating each of RGB and
viewing-angle control pixels in an LCD device according to
one preferred embodiment of the present invention.

[0047] As shown in FIG. 1, each of RGB pixels is formed
in a Fringe Field Switching (FFS) mode. Each of the RGB
pixels is provided with a pixel electrode and a common
electrode 11, wherein the common electrode 11 is interposed
between the pixel electrode and an insulation layer. Each of
the RGB pixels includes the common electrode 11 which is
formed in shape of “<”.

[0048] In addition to the RGB pixels, a viewing-angle
control pixel 20 is formed to control a viewing angle. The
viewing-angle control pixel 20 is controlled such that the
liquid crystal molecules are inclined to the horizontal (left
and down) or vertical (up and down) direction. In this case,
a control voltage is applied to the viewing-angle control
pixel 20 through a viewing-angle control line (not shown),
which is formed separately.

[0049] The viewing-angle control pixel 20 includes a pixel
electrode, and a common electrode 21a formed in the
horizontal (left and right) direction or a common electrode
214 (see FIG. 4B) formed in the vertical (up and down)
direction, which are provided in the FFS mode. FIG. 1
illustrates the common electrode 21a in the horizontal (left
and right) direction. If the control voltage is applied to the
viewing-angle control pixel 20 through the viewing-angle
control line, the liquid crystal molecules are inclined to the
vertical (up and down) or horizontal (left and right) direc-
tion, thereby controlling the viewing angle.

[0050] As illustrated in FIG. 1, the viewing-angle control
pixel 20 is supplied with the control voltage through the
viewing-angle control line, wherein the additional viewing-
angle control line is separated from a power-supplying line
for the RGB pixels. At this time, the viewing-angle control
line corresponds to an independent common line for the
viewing-angle control pixel 20, wherein the viewing-angle
control line may be formed of a transparent electrode,
thereby improving an aperture ratio. Also, the common line
is formed separately, so that it is possible to apply a voltage
having a predetermined wavelength to the viewing-angle
control pixel 20.
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[0051] Also, the viewing-angle control pixel 20 does not
directly contribute to the actual display of an image. That is,
the viewing-angle control pixel 20 is provided such that, for
example, when a voltage is applied thereto, it is difficult to
recognize the display information. Consequently, it is unnec-
essary to form a coloring layer corresponding to the view-
ing-angle control pixel 20, for example, on a color filter
substrate opposite the viewing angle control pixel 20.

[0052] An operation of the liquid crystal molecules in the
viewing-angle control pixel 20 when the voltage is applied
or not will be explained as follows.

[0053] FIGS. 2A and 2B are views of illustrating the
operation of liquid crystal molecules in the viewing-angle
control pixel 20 having the common electrode 21 in the
horizontal (left and right) direction illustrated in FIG. 1.

[0054] As illustrated in FIG. 2A, if the voltage is not
applied to the viewing-angle control pixel 20 having the
common electrode 21a in the horizontal (left and right)
direction, the liquid crystal molecules are aligned in hori-
zontal state, whereby the viewing-angle control pixel 20 is
displayed as the black, that is, the whole display is not
affected. This is identical in the front viewing angle, the
vertical (up and down) and horizontal (left and right) view-
ing angles, and the inclined viewing angle. All of the display
by the RGB pixels is normally used.

[0055] If the voltage is applied to the viewing-angle
control pixel 20 having the common electrode 21a of the
horizontal (left and right) direction, as illustrated in FIG. 2B,
the liquid crystal molecules move vertically in the central
portion of the common electrode 21a, and in the central
portion between each of the common electrodes 21a. Con-
sequently, when the viewing-angle control pixel 20 is
viewed in the horizontal (left and right) direction, bright
light is transmitted through the common electrode 214 in the
horizontal (left and right) direction. On the other hand, when
the viewing-angle control pixel 20 is viewed in the vertical
(up and down) direction, light is not transmitted through the
common electrode 21a in the horizontal (left and right)
direction.

[0056] Meanwhile, when the voltage is applied to the
viewing-angle control pixel 20 having the common elec-
trode 2154 of the vertical (up and down) direction, as shown
in FIG. 4B, the liquid crystal molecules move vertically in
the direction, which is different by 90 degrees from the
direction illustrated in FIG. 2B, in the central portion of the
common electrode 215, and in the central portion between
each of the common electrode 215. Accordingly, when the
viewing-angle control pixel 20 is viewed in the horizontal
(left and right) direction, bright light is not transmitted
through the common electrode 215 of the vertical (up and
down) direction. On the other hand, when the viewing-angle
control pixel 20 is viewed in the vertical (up and down)
direction, the light is transmitted through the common
electrode 215 in the horizontal (left and right) direction.

[0057] As a result, on the viewing angle from the hori-
zontal (left and right) direction in state of that the voltage is
applied to the viewing-angle control pixel 20, the viewing-
angle control area having the common electrode 214 in the
horizontal (left and right) direction is recognized as white,
and the viewing-angle control area having the common
electrode 215 in the vertical (up and down) direction is
recognized as black.
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[0058] On the viewing angle from the vertical direction,
the viewing-angle control area having the common electrode
21a in the horizontal (left and right) direction is recognized
as black, and the viewing-angle control area having the
common electrode 215 in the vertical (up and down) direc-
tion is recognized as white.

[0059] Also, these patterns may overlap with the common
display pattern of the RGB pixels when viewed from the
horizontal (left and right) and vertical (up and down) direc-
tions. Consequently, when the patterns are viewed in the
horizontal (left and right) direction and the vertical (up and
down) directions, it is impossible to recognize what is
written, thereby obtaining the confidentiality of displayed
information.

[0060] As described above, the viewing-angle control
pixel 20 corresponding to each of the RGB pixels includes
one of the common electrode 21a in the horizontal (left and
right) direction of and the common electrode 215 in the
vertical (up and down) direction. Thus, it is possible to
brighten the display in the horizontal (left and right) or
vertical (up and down) viewing direction by applying the
voltage to the viewing-angle control pixel 20, thereby pro-
viding a display with the desired confidentiality when
viewed from at the vertical and horizontal directions while
the display can be viewed from the front direction.

[0061] FIG. 3 is a view illustrating the luminance distri-
bution of viewing-angle dependency based on the applica-
tion of voltage in the viewing-angle control pixel according
to an embodiment of the present invention. FIG. 3 illustrates
the case where the viewing-angle control pixel 20 has the
common electrode 21a in the horizontal (left and right)
direction illustrated in FIG. 1.

[0062] If the voltage is not applied to the viewing-angle
control pixel 20, the luminance of the inclined direction
from the front direction and side direction of horizontal (left
and right) and vertical (up and down) directions corresponds
to black. If voltage is applied to the viewing-angle control
pixel 20, the front is black, and the light is transmitted in the
horizontal (left and right) and the vertical (up and down)
directions.

[0063] As a result, the light is transmitted to the side
directions of the horizontal (left and right) and the vertical
(up and down) directions. Thus, the person is positioned at
the side direction of the horizontal (left and right) and the
vertical (up and down) directions of the device, it is difficult
to recognize the image displayed on the panel, thereby
obtaining the confidentiality of displayed information.

[0064] FIGS. 4A and 4B are plan views illustrating each of
RGB and viewing-angle control pixels in an LCD device
according to an embodiment of the present invention.

[0065] Each of the RGB and viewing-angle control pixels
is identical in structure to each of those shown in FIG. 1. In
FIG. 4A, each of the RGB pixels includes a common
electrode 11a formed in shape of “<”, to improve the
visibility in the horizontal (left and right) direction. In
addition, as a voltage is applied to a common electrode 21a
in a horizontal (left and right) direction in the viewing-angle
control pixel 20, it is possible to obtain the confidentiality of
displayed information when viewed from the horizontal (left
and right) direction.
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[0066] The RGB and viewing-angle control pixels illus-
trated in FIG. 4B have the visibility and secret mode which
are different by 90 degrees from those of FIG. 4A.

[0067] In FIG. 4B, each of the RGB pixels includes a
common electrode 215 formed in shape of “V” to thereby
improve the visibility in the vertical (up and down) direc-
tion. As a voltage is applied to a common electrode 215 in
a vertical (up and down) direction in the viewing-angle
control pixel 20, it is possible to obtain the confidentiality of
displayed information in the vertical (up and down) direc-
tion.

[0068] FIG. 5 is a view illustrating the luminance distri-
bution of viewing-angle dependency when the voltage is
applied to the viewing-angle control pixel 20 or not.

[0069] FIG. 5 illustrates the case where the viewing-angle
control pixel 20 having the common electrode 21a in the
horizontal (left and right) direction illustrated in FIG. 4A and
the viewing-angle control pixel 20 having the common
electrode 214 of the vertical (up and down) direction illus-
trated in FIG. 4B are used together. If the voltage is not
applied to the viewing-angle control pixel 20, the luminance
of the inclined direction from the front direction and side
direction of horizontal (left and right) and vertical (up and
down) directions corresponds to black.

[0070] If the voltage is applied to the viewing-angle
control pixel 20, the front black, and the light is transmitted
in the inclined direction of the horizontal (left and right) and
vertical (up and down) directions. As a result, when it is
viewed from the horizontal (left and right) and vertical (up
and down) directions, it is impossible to recognize what is
written, thereby obtaining the confidentiality of displayed
information.

[0071] By arranging the viewing-angle control pixel hav-
ing the common electrode 21a in the horizontal (left and
right) direction and the viewing-angle control pixel having
the common electrode 215 in the vertical (up and down)
direction on the display screen, it is possible to realize the
LCD device having the confidentiality of information. For
example, the viewing-angle control pixel having the com-
mon electrode 21a in the horizontal (left and right) direction
and the viewing-angle control pixel having the common
electrode 215 in the vertical (up and down) direction are
arranged so as to form a predetermined shape on the display
screen.

[0072] As mentioned above, the viewing-angle control
pixel is formed independently of the RGB pixels, so that it
is possible to obtain the LCD device that can control the
viewing angle in the vertical (up and down) and horizontal
(left and right) directions. Furthermore, the viewing-angle
control pixel having the common electrode 21a in the
horizontal (left and right) direction and the viewing-angle
control pixel having the common electrode 216 in the
vertical (up and down) direction are appropriately arranged
on the display screen, it is possible to realize the LCD device
having the confidentiality of information.

[0073] Also, it is unnecessary to form a color layer in a
color filter substrate side opposite to the viewing-angle
control pixel, thereby decreasing the fabrication cost.

[0074] FIG. 6 is an expanded plan view of the viewing-
angle control pixel illustrated in FIG. 1. At this time, the
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voltage is applied to the viewing-angle control pixel 20
illustrated in FIG. 6 through the switching element (thin film
transistor, TFT).

[0075] FIG. 7 is another expanded plan view of the
viewing-angle control pixel illustrated in FIG. 1. If trying to
obtain the confidentiality of displayed information on the
entire display screen, the voltage is commonly applied to
each of the viewing-angle control pixels 20 without the
switching control. Accordingly, each viewing-angle control
pixel 20 illustrated in FIG. 7 is directly connected to the
signal line without the switching element (TFT).

[0076] FIG. 8 illustrates the relation between a common
voltage (Vcom) and an AC voltage of each of RGB pixels.
Based on amplitude of signal, the voltage is applied to the
viewing-angle control pixel.

[0077] After the voltage signal is applied to each of the
RGB pixels, the voltage falls due to the effect the switching
element (TFT). Accordingly, as illustrated in FIG. 8, the
common voltage (Vcom) is smaller than a center value of the
applied voltage signal.

[0078] As illustrated in FIG. 7, there is no necessity for
providing a switching element (TFT) to the viewing-angle
control pixel 20. Thus, the viewing-angle control pixel 20
has no voltage caused by TFT in the RGB pixels. As a result,
an optimal common voltage for the viewing-angle control
pixel 20 is different from an optimal common voltage for the
RGB pixels.

[0079] However, if the RGB pixels and the viewing-angle
control pixel have the different common voltages, blurring
images may occur. Accordingly, the LCD device of the
present invention includes a viewing-angle control voltage
adjuster that adjusts the signal center value of the viewing-
angle control pixel 20 to be the same as the common voltage
of the RGB pixels.

[0080] That is, the viewing-angle control voltage adjuster
reads out the common voltage of each of the RGB pixels;
adjusts the center value of the voltage signal applied to the
viewing-angle control pixel 20 to be substantially identical
to the common voltage of the RGB pixel; and outputs the
applying voltage signal. As a result, the LCD device of the
present invention can prevent the blurring images from
occurring.

[0081] FIG. 9 is a view illustrating a wavelength of a
signal line of a DOT inversion in the LCD device according
to an embodiment of the present invention. FIG. 9 illustrates
the wavelength of signal line of each of the RGB pixels and
the viewing-angle control pixel 20.

[0082] Referring to FIG. 9, if additionally providing the
viewing-angle control pixel 20, one group is comprised of
four pixels including the three pixels of RGB and one pixel
of the viewing-angle control pixel, which are arranged in
repetition.

[0083] Accordingly, the wavelength of AC voltage in the
viewing-angle control pixel corresponds to the signal for the
four pixels, so that it has the same type of signal. Accord-
ingly, the viewing-angle control voltage adjuster synchro-
nizes the voltage signal with the control signal of the RGB
pixels, and outputs the same voltage signal to all viewing-
angle control pixels at the same time, thereby obtaining the
simplified structure.



US 2007/0176872 Al

[0084] For the above-mentioned embodiment of the
present invention, even though the viewing-angle control
pixel is formed independently of the RGB pixels, it is
unnecessary to independently control the viewing-angle
control pixel. Thus, it is possible to fabricate the LCD device
that can control the viewing angle with relative ease.

[0085] In addition, the voltage signal is applied to the
viewing-angle control pixel, wherein the voltage signal has
the signal center value which is substantially the same as the
common voltage of the RGB pixels. Thus, the LCD device
can prevent the blurring images from occurring.

[0086] Also, the same type of signal is used as the voltage
signal applied to the viewing-angle control pixel, thereby
obtaining the simplified structure.

[0087] A driver for the control of viewing angle based on
the addition of the viewing-angle control pixel will be
explained as follows.

[0088] FIGS. 10A, 10B and 11 are views illustrating a
driver for the control of viewing angle according to an
embodiment of the present invention.

[0089] First, FIG. 10A includes RGB pixels of the related
art, which illustrates the arrangement of drivers in an LCD
device having a resolution of Super eXtended Graphics
Array (SXGA). At this time, ‘X’ driver has the output of
1280 linesxRGB, and “Y” driver has the output of 1024 lines.

[0090] FIG. 10B illustrates the arrangement of drivers
when additionally providing the viewing-angle control pixel
to the RGB pixels. To obtain the related art ‘X’ driver with
the output for the viewing-angle control pixel, it is necessary
to additionally provide the output for 1280 lines for the
associated view-angle control pixels.

[0091] In the present invention, the ‘X’ driver for the RGB
pixels may be provided without change by separately pro-
viding the output for the viewing-angle pixel at the opposite
side of the ‘X’ driver for the RGB pixels.

[0092] By the structure illustrated in FIG. 11, the signal of
the viewing-angle control pixel that may be synchronized
with the signal of the RGB pixels is applied from the
opposite side of the ‘X’ driver, where reference numeral 20
represents’ the viewing-angle control pixel.

[0093] FIGS. 12A and 12B are views illustrating the
wavelength of the signal line of the DOT inversion accord-
ing to an embodiment of the present invention.

[0094] FIG. 12A illustrates the wavelength of the signal
line in each of the RGB pixels of the related art. FIG. 12B
illustrates the wavelength of the signal line in the LCD
device including the viewing-angle control pixel 20 accord-
ing to the present invention.

[0095] Referring to FIG. 12B, if additionally providing the
viewing-angle control pixel 20, one group includes four
pixels including the three pixels of RGB and one pixel of the
viewing-angle control pixel, which are arranged in repeti-
tion.

[0096] Accordingly, the wavelength of AC-applying volt-
age in the viewing-angle control pixel corresponds to the
signal for the four pixels, which have the same type of
signal. Accordingly, the voltage signal applied to the view-
ing-angle control pixel is synchronized with the control
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signal of the RGB pixels, and is applied to all viewing-angle
control pixels at the same time.

[0097] For the above-mentioned embodiment of the
present invention, the LCD device can control the viewing
angle by providing the viewing-angle control pixel which is
formed independently of the RGB pixels.

[0098] Inaddition, the driver for the viewing-angle control
pixel may be provided at the opposite side of the ‘X’ driver
for the RGB pixels, so that it is possible to control the
viewing angle without changing the arrangement of the
related art <X’ driver.

[0099] Also, the same type of signal may be commonly
used as the voltage signal applied to the viewing-angle
control pixel, thereby obtaining the simplified structure.

[0100] The LCD device according to the present invention
includes the RGB pixels where the liquid crystal molecules
are inclined by the FF'S mode, and the viewing-angle control
pixel where the liquid crystal molecules are inclined to the
horizontal (left and right) or vertical (up and down) direc-
tion, so that it is possible to control the viewing angle in the
horizontal (left and right) and vertical (up and down) direc-
tions without forming the specific liquid crystal display
panel.

[0101] Also, even if the viewing-angle control pixel has
no switching circuit, the LCD device may prevent or mini-
mize the blurring images from occurring without forming
the specific liquid crystal display panel, and can control the
viewing angle in the horizontal (left and right) and vertical
(up and down) directions.

[0102] Furthermore, the driver for the viewing-angle con-
trol pixel may be provided in the opposite side to the driver
for the RGB pixels, so that it is unnecessary to form the
specific liquid crystal display panel. Also, the LCD device
can control the viewing angle in the horizontal (left and
right) and vertical (up and down) directions without chang-
ing the driver for the RGB pixels.

[0103] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. 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:

a display screen including a plurality of color pixels and
viewing angle control pixels, each of the color pixels
and the viewing angle control pixels including liquid
crystal molecules,

an alignment direction of the liquid crystal molecules
being inclined to a vertical or horizontal direction with
respect to the display screen.

2. The device of claim 1, further comprising a color filter
layer on a substrate over the color pixels wherein the color
filter layer is not formed over the viewing-angle control
pixels.
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3. The device of claim 1, wherein the liquid crystal
molecules in the viewing angle control pixels are aligned to
form a predetermined shape in the presence of a viewing
angle control signal.

4. The device of claim 1, wherein the liquid crystal
molecules in the viewing angle control pixels are aligned to
have a predetermined transmittance in the presence of a
viewing angle control signal.

5. The device of claim 4, wherein the viewing-angle
control signal is commonly applied to the plurality of
viewing-angle control pixels in the display screen without a
switching element.

6. The device of claim 4, further comprising a viewing-
angle control voltage adjuster that adjusts a center value of
the viewing-angle control signal to be substantially identical
to a common voltage of the color pixels.

7. The device of claim 4, wherein the viewing-angle
control signal is synchronized with a signal of the color
pixel.

8. The device of claim 1, further comprising:

a color pixel driver for applying a signal to the color
pixels, and is formed at one side of the display screen;
and

a viewing-angle control pixel driver for applying a signal
to the viewing-angle control pixel, and is at a side of the
display screen opposite the color pixel driver.

9. The device of claim 8, further comprising a viewing-
angle control voltage adjuster that adjusts a center value of
the viewing-angle control signal to be identical to a common
voltage of the color pixel.

10. The device of claim 8, wherein the viewing-angle
control signal is synchronized with a signal of the color
pixel.

11. The device of claim 1, wherein the liquid crystal
display device includes a fringe field switching mode.

12. A liquid crystal display device, comprising:

a plurality of color pixels, each color pixel including:
liquid crystal molecules therein;
at least one common electrode; and
a pixel electrode;

a plurality of viewing angle control pixels, each viewing
angle control pixel including:

liquid crystal molecules therein;
at least one common electrode; and

a pixel electrode;
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wherein the common electrode in the viewing angle
control pixels extends in a direction different from the
at least one common electrode in the color pixels such
that an alignment of the liquid crystal molecules in the
viewing angle control pixels is controllable in a vertical
or horizontal direction.

13. The device of claim 12, wherein the liquid crystal
molecules in the viewing angle control pixel have an initial
alignment inclined in a vertical or horizontal direction.

14. The device of claim 12, wherein the liquid crystal
molecules in the viewing angle control pixels move in the
presence of an applied electric field to display white to a side
direction.

15. The device of claim 12, wherein the liquid crystal
molecules in the viewing angle control pixels move in the
presence of an applied electric field to display a predeter-
mined shape to a side direction.

16. The device of claim 12, further comprising:

data lines and gate lines connected to the color pixels to
control display of the color pixels, wherein each color
pixel is connected to a respective data line and gate line
through a thin film transistor as a switching device; and

control lines connected directly to viewing angle control

pixels for applying a viewing angle control signal.

17. The device of claim 16, further comprising a viewing
angle control voltage adjuster that adjusts a center value of
the view angle control signal to be substantially the same as
a common voltage of the color pixels.

18. The device of claim 12, wherein the common elec-
trode in the viewing angle control pixel extends in a hori-
zontal direction.

19. The device of claim 12, wherein the common elec-
trode in the viewing angle control pixel extends in a vertical
direction.

20. The device of claim 12, wherein the common elec-
trode in the color pixel has a “V” shape.

21. The device of claim 12, wherein the common elec-
trode in the color pixel has a “<” shape.

22. The device of claim 12, wherein the viewing angle
control pixels are aligned to form a predetermined shape in
the liquid crystal display device.

23. The device of claim 22, wherein the viewing angle
control pixels includes fist viewing angle control pixels and
second viewing angle control pixels,

wherein the first viewing angle conteol pixels and second
viewing angle control pixels aligned to form a prede-
termined shape in the liquid crystal display device.
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