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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

[0001] This application claims the benefit of Korean Patent
Application No. 10-2007-0037940, filed on Apr. 18, 2007,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (LCD) device and a driving method thereof, and more
particularly, to an LCD device that can control a viewing
angle and improve brightness of an image, and a driving
method thereof.

[0004] Liquid crystals (LCs) have dielectric anisotropy and
refractive index anisotropy. The arrangement of molecules of
the LCs varies according to an electric field applied thereto
with the polarization of light changing according to the
arrangement. An LCD device applies an electric field to LCs
having dielectric anisotropy and refractive index anisotropy
to control light transmittance through the LCs to thereby
display an image.

[0005] FIG. 1 is a view of a related art LCD device.
[0006] Referring to FIG. 1, the LCD device includes an
upper substrate 11 including a color filter array 19, and a
lower substrate 1 including a thin film transistor (TFT) array
9, the upper substrate 11 and the lower substrate 1 being
attached to face each other, and LCs 16 filling cell gaps
disposed between the two substrates 11 and 1.

[0007] The color filter array 19 includes a black matrix 12,
a color filter layer 13, an overcoat layer 14 for planarizing the
upper substrate 11, and a common electrode 15 for forming an
electric field in cooperation with a pixel electrode 7. The color
filter array 19 further includes an upper alignment layer for
uniformly aligning the LCs 16.

[0008] The TFT array 9 includes gate lines 2 and data lines
3 crossing each other to define pixels on the lower substrate 1.
Each pixel of the array includes a TFT 6 connected to a gate
lines 2 and a data line 3, and a pixel electrode 7 connected to
the TFT 6. The TFT array 9 further includes a lower alignment
layer for uniformly aligning the L.Cs 16.

[0009] The TFT 6 supplies a data signal from the data line
3 to the pixel electrode 7 in response to a gate signal from the
gate line 2. An electric field is generated between the pixel
electrode 7 to which the data signal has been supplied through
the TFT 6, and the common electrode 15 to which a reference
voltage has been supplied. The light transmittance of the LCs
16 arranged between the lower substrate 1 and the upper
substrate 11 is controlled by this electric field to display an
image.

[0010] The LCD device has been developed to improve a
viewing angle characteristic so that an image can be viewed
from any direction. However, providing a wide viewing angle
has the side effect of allowing the leakage of private informa-
tion in applications in which a computer system is used for
private purposes or in security-oriented businesses such as
performing tasks at a bank.

[0011] Accordingly, there is a need to develop an LCD
device that can selectively control a viewing angle. In other
words it is desired to develop an LCD providing a wide
viewing angle mode allowing an image to be viewed to a user
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at various viewing angles, and providing a narrow viewing
angle mode limiting displaying an image to a user at a specific
viewing angle.

SUMMARY OF THE INVENTION

[0012] Accordingly, the present invention is directed to
liquid crystal display (LCD) device and driving method
thereof that substantially obviates one or more of the prob-
lems due to limitations and disadvantages of the related art.
[0013] An advantage of the present invention is to provide
Embodiments provide an LCD device that can control a view-
ing angle and a driving method thereof.

[0014] Another advantage of the present invention is to
provide an LCD device that improves brightness of an image
and a driving method thereof.

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

[0016] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a liquid crystal display device
includes: a pixel for displaying an image including a plurality
of subpixels, the subpixels of the pixel including: data dis-
playing subpixels each including a corresponding liquid crys-
tal layer of a vertical alignment mode using negative liquid
crystals interposed between a corresponding first pixel elec-
trode, the data displaying subpixels for receiving red, green,
and blue data voltages to display an image, and a common
electrode to which a common voltage is applied; and a view-
ing angle controlling subpixel including a corresponding lig-
uid crystal layer of the vertical alignment mode driven in
response to voltages applied to the common electrode, a side
electrode separated from the common electrode, and a second
pixel electrode, each of the subpixels of the pixel further
including a rib distorting an electric field applied to the cor-
responding liquid crystal layer, the viewing angle controlling
subpixel substantially directly passing light from the data
displaying subpixels when an equivalent voltage to the com-
mon voltage to the common electrode is applied to the side
electrode during a wide viewing angle mode of the liquid
crystal display device, and delaying a phase of the light from
the data displaying subpixels when a voltage having a voltage
difference from the common voltage applied to the common
electrode is applied to the side electrode during a narrow
viewing angle mode of the liquid crystal display device.
[0017] Inanother aspect of the present invention, a method
for driving a liquid crystal display device includes: applying
a common voltage to data displaying subpixels and applying
avoltage having substantially the same potential as that of the
common voltage to a side electrode of a viewing angle con-
trolling subpixel to substantially directly pass light from the
data displaying subpixels through the viewing angle control-
ling subpixel during a wide viewing angle mode; and apply-
ing the common voltage to the data displaying subpixels and
applying a voltage having a voltage difference from the com-
mon voltage to the side electrode of the viewing angle con-
trolling subpixel to delay, at the viewing angle controlling
subpixel, phase of light from the data displaying subpixels
during a narrow viewing angle mode, the data displaying
subpixels comprising a liquid crystal layer of a vertical align-
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ment mode using negative liquid crystals between a first
electrode to which red, green, and blue data voltages are
applied, and a common electrode to which the common volt-
age is applied, and the viewing angle controlling subpixel
comprising the liquid crystal layer of the vertical alignment
mode driven in response to a voltage applied to the common
electrode, a side electrode separated from the common elec-
trode, and a second pixel electrode.

[0018] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.1isaview ofarelated art liquid crystal display
(LCD) device.

[0020] FIG. 2 is a plan view illustrating a TFT array of an
LCD device according to an embodiment of the invention.
[0021] FIG. 3 isacross-sectional view ofa TFT taken along
the line I-I' of FIG. 2.

[0022] FIG. 4 is a plan view illustrating a color filter array
of'an LCD device according to an embodiment of the inven-
tion.

[0023] FIG.Sisacross-sectional view of a color filter array
taken along the lines I-I' and II-1I' of FIG. 4.

[0024] FIG. 6 is a view illustrating operation an LCD
device in a no voltage application state.

[0025] FIGS.7A and 7B are views illustrating a wide view-
ing angle mode of an LCD device according to an embodi-
ment of the invention.

[0026] FIGS. 8A and 8B are views illustrating a narrow
viewing angle mode of an LCD device according to an
embodiment of the invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0027] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc.,
means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at
least one embodiment of the invention. The appearances of
such phrases in various places in the specification are not
necessarily references to the same embodiment. Further,
when a particular feature, structure, or characteristic is
described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to effect
such feature, structure, or characteristic in connection with
other ones of the embodiments.

[0028] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

[0029] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are illus-
trated in the FIGS. 2 to 8 of the accompanying drawings.
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Wherever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0030] An LCD device according to an embodiment is
formed by attaching a first substrate including a TFT array
and a second substrate including a color filter array such that
those arrays face each other. An LC layer is interposed
between the first and second substrates.

[0031] FIG.2isaplanview illustratinga TFT array accord-
ing to an embodiment of the invention, and FIG. 3 is a cross-
sectional view taken along the line I-I' of FIG. 2. The line I-I'
is a line representing a horizontal direction of a display sur-
face.

[0032] Referringto FIGS. 2 and 3, the TFT array according
to an embodiment includes a plurality of pixels formed on the
first substrate. The pixels include subpixels Pr, Pg, Pb, and Pv
defined by crossing of a plurality of gate lines 112 with a
plurality of data lines 115. One pixel includes data displaying
subpixels Pr, Pg, and Pb for realizing red (R), green (G), and
blue (B) pixels, respectively, and a viewing angle controlling
subpixel Pv for controlling a viewing angle.

[0033] The data displaying subpixels Pr, Pg, and Pb each
includes a TFT near a crossing of the gate line 112 and the
data line 115 and connected to the gate line 112 and the data
line, and a first pixel electrode 117 connected to the TFT.
[0034] The viewing angle controlling subpixel Pv includes
aTFT near a crossing of the gate line 112 and the data line 115
and connected to the gate line 112 and the data line, and a
second pixel electrode 517 connected to the TFT.

[0035] The gate line 112 and the data line 115 cross each
other with a gate insulating layer 113 interposed to insulate
the gate line 112 and the data line 115 from each other. The
gate line 112 supplies a scan voltage to the TFT, and the data
line 115 supplies a data voltage to the TFT.

[0036] The TFTs of the data displaying subpixels Pr, Pg,
and Pb allow R, G, and B data voltages of the data line 115 to
charge the first pixel electrode 117 in response to a scan
voltage of the gate line 112. For this purpose, the TFTs of the
data displaying subpixels Pr, Pg, and Pb include a gate elec-
trode 112a branching from the gate line 112, a source elec-
trode 1154 branching from the data line 115, and a drain
electrode 11556 connected to the first pixel electrode 117. A
semiconductor pattern 114 makes ohmic-contacts with the
source electrode 115a and the drain electrode 11556. The data
line 115 and the semiconductor pattern 114 are protected by
a passivation layer 116 covering the data line 115 and the
semiconductor pattern 114.

[0037] The first pixel electrode 117 is connected to the
drain electrode 1155 through a first contact hole 119 passing
through the gate insulating layer 113 and exposing the drain
electrode 1154.

[0038] R, G, and B data voltages passing through the TFTs
of'the data displaying subpixels Pr, Pg, and Pb are supplied to
the first pixel electrode 117. Accordingly, a potential differ-
ence is generated between the first pixel electrode 117 and a
common electrode of the color filter array. This potential
difference drives L.Cs contained in the data displaying sub-
pixels Pr, Pg, and Pb to realize a pixel of an image.

[0039] The TFT of the viewing angle controlling subpixel
Pv allows a viewing angle controlling data voltage of the data
line 115 to charge the second pixel electrode 517 in response
to a scan voltage of the gate line 112. For this purpose, the
TFT of the viewing angle controlling subpixel Pv includes a
gate electrode 512a branching from the gate line 112, a source
electrode 5154 branching from the data line 115, and a drain
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electrode 5156 connected to the second pixel electrode 517. A
semiconductor pattern 514 makes ohmic-contacts with the
source electrode 5154 and the drain electrode 5155. The data
line 115 and the semiconductor pattern 514 are protected by
a passivation layer 116 covering the data line 115 and the
semiconductor pattern 514.

[0040] The second pixel electrode 517 is connected to the
drain electrode 5154 through a second contact hole 519 pass-
ing through the gate insulating layer 113 and exposing the
drain electrode 5156b.

[0041] A viewing angle controlling data voltage passing
through the TFT of the viewing angle controlling subpixel Pv
is supplied to the second pixel electrode 517. Accordingly, a
potential difference is generated between the second pixel
electrode 517 and the common electrode of the color filter
array. This potential difference drives the LCs contained in
the viewing angle controlling subpixel Pv to control the view-
ing angle and the brightness of the pixel.

[0042] The TFT array 111 according to the embodiment
can be manufactured through a plurality of mask processes
including a photolithography process and an etching process.
An example of a TFT array manufacturing method is sche-
matically described with reference to FIGS. 2 and 3.

[0043] During a first mask process, a gate conductive pat-
tern including the gate line 112 and the gate electrodes 112a
and 512a is formed on the first substrate 110.

[0044] The gate conductive pattern can be a single layer or
amultiple layer formed by stacking one or more metal such as
Mo, Ti, Cu, AINd, Al, Cr, an Mo alloy, a Cu alloy, and an Al
alloy.

[0045] The gate insulating layer 113 covering the gate con-
ductive pattern is formed on the first substrate 110. During a
second mask process, a source/drain conductive pattern
including the semiconductor patterns 114 and 514, the data
line 115, the source electrodes 115a and 5154, and the drain
electrodes 1155 and 5155 is formed on the gate insulating
layer 113.

[0046] The gate insulating layer 113 can be generally
formed of an inorganic insulating material such as SiOx and
SiNx. The semiconductor pattern can be formed in a structure
where amorphous silicon and amorphous silicon doped with
impurities (n+ or p+) are stacked. An amorphous silicon layer
is exposed between the source electrode 115a/515a and the
drain electrode 1156/5156.

[0047] The source/drain conductive pattern can be a single
layer or multiple layers formed by stacking one or more metal
such as Mo, Ti, Cu, AINd, Al, Cr, an Mo alloy, a Cu alloy, and
an Al alloy.

[0048] During the second mask process, the semiconductor
patterns 114 and 514, and the source/drain conductive pattern
can be formed through a one mask process using a half tone
mask or a diffraction exposure mask. Accordingly, the semi-
conductor patterns 114 and 514 overlap the corresponding
source/drain conductive patterns.

[0049] The passivation layer 116 covering the semiconduc-
tor patterns 114 and 514 and the source/drain conductive
pattern is formed on the gate insulating layer 113. Subse-
quently, contact holes 119 and 519 are formed during a third
mask process.

[0050] The passivation layer 116 can be formed of an inor-
ganic insulating material such as SiOx and SiNx, or an
organic insulating material such as benzo cyclobutene
(BCB), perfluorocyclobutane (PFBC), Teflon, and cytop.
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[0051] A transparent conductive pattern including the sec-
ond pixel electrode 517 and the first pixel electrode 117 is
formed on the passivation layer 116 through a fourth mask
process.

[0052] The transparent conductive pattern can be formed of
indium-tin-oxide (ITO), tin-oxide (TO), indium-zinc-oxide
(IZ0), or indium-tin-zinc-oxide (ITZO).

[0053] FIG. 4 is a view illustrating a color filter array of an
LCD device according to an embodiment of the present
invention, and FIG. 5 is a cross-sectional view taken along the
lines I-I' and II-IT' of FIG. 4. The line I-I' is a line representing
the horizontal direction of a display surface, and the line II-1I'
is a line representing a vertical direction of the display sur-
face.

[0054] Referring to FIGS. 4 and 5, a color filter array 121
according to an embodiment of the invention includes a plu-
rality of pixels formed on a second substrate 120. Each pixel
includes subpixels Pr, Pg, Pb, and Pv defined by a black
matrix (BM) 122. Each pixel includes data displaying sub-
pixels Pr, Pg, and Pb for realizing red (R), green (G), and blue
(B) pixels, respectively, and a viewing angle controlling sub-
pixel Pv for controlling a viewing angle.

[0055] The BM 122 divides the pixels into subpixels Pr, Pg,
Pb, and Pv, and prevents light leakage at regions where gate
lines, data lines, and TFTs are formed, and from the regions
adjacent to the TFT array.

[0056] Common electrodes 225 are formed in the subpixels
Pr, Pg, Pb, and Pv. The common electrodes 225 according to
embodiments of the invention may be independently formed
in pixel rows in the form of a row arrangement of the subpix-
els Pr, Pg, Pb, and Pv, respectively, or may be independently
formed in pixel columns in the form of a column arrangement
of the subpixels Pr, Pg, Pb, and Pv, respectively. The drawing
in FIG. 4 illustrates the embodiment having the common
electrodes 225 independently formed in pixel rows, respec-
tively.

[0057] Ribs 227 and 527 formed of an organic insulating
material having a low dielectric constant are formed at the
centers of the subpixels Pr, Pg, Pb, and Pv. The ribs 227 and
527 distort an electric field formed in the subpixels Pr, Pg, Pb,
and Pv to allow LCs to be symmetrically arranged with
respect to the ribs 227 and 527.

[0058] Color filter patterns 123 are formed in data display-
ing subpixels Pr, Pg, and Pb of the subpixels Pr, Pg, Pb, and
Pv. The color filter patterns 123 include a red layer formed on
the R subpixel Pr, a green layer formed on the G subpixel Pg,
and a blue layer formed on the B subpixel Pb, and transmit R,
G, and B light, respectively.

[0059] A side electrode 520 separated from the common
electrode 225 is formed in the viewing angle controlling
subpixel Pv of the subpixels Pr, Pg, Pb, and Pv. The side
electrode 520 distorts an electric field formed in the viewing
angle controlling subpixel Pv to contribute to brightness
improvement of the pixel when operating in the narrow view-
ing angle mode. For this purpose, the side electrode 520
includes a pair of side electrodes facing each other with the
common electrode 225 interposed between the pair of side
electrodes. The side electrode 520 overlaps the BM 122 and
connects to a control line 524 avoiding (that is, not overlap-
ping) the data displaying subpixels Pr, Pg, and Pb to receive a
control signal.

[0060] The color filter patterns 123 and the BM 122 are
covered with an overcoat layer 129. The overcoat layer 129
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planarizes height differences generated by the forming of the
BM 122 and the color filter patterns 123.

[0061] The color filter array 121 according to the embodi-
ment can be manufactured through a plurality of mask pro-
cesses including a photolithography process and an etching
process. An example of a color filter array manufacturing
method is schematically described with reference to FIGS. 4
and 5.

[0062] During a first mask process, the BM 122 is formed
on the second substrate 120. The BM 122 can be formed of an
opaque metal including Cr, or a black resin.

[0063] The color filter patterns 123 are subsequently
formed through a second mask process. The color filter pat-
terns 123 can be red, green, and blue color resists. The second
mask process may include a process of shifting a second mask
to sequentially pattern the R, G, and B color resists.

[0064] The BM 122 and the color filter pattern 123 are
covered with the overcoat layer 129.

[0065] The overcoat layer 129 can be a transparent resin.
[0066] A transparent conductive pattern including the com-
mon electrode 225, the control line 524, and the side electrode
520 is formed on the overcoat layer 129 through a third mask
process.

[0067] The transparent conductive pattern can be formed of
indium-tin-oxide (ITO), tin-oxide (TO), indium-zinc-oxide
(IZO), or indium-tin-zinc-oxide (ITZO).

[0068] Ribs 227 and 527 are formed on portions of the
common electrode 225 corresponding to the centers of the
subpixels Pr, Pg, Pb, and Pv. The ribs 227 and 527 are formed
of an acryl-based organic compound having a low dielectric
constant.

[0069] A method for manufacturing an L.CD device accord-
ing to an embodiment includes forming the TFT array 111
and the color filter array 121 as described in FIGS. 2 to 5. The
method further includes a process of attaching the first sub-
strate 110 and the second substrate 120 to each other such that
the TFT array 111 and the color filter array 121 face each
other, an LC forming process, and a polarizer attaching pro-
cess.

[0070] TheLCs canbe droppedonthe TFT array 111 or the
color filter array 121 before the first and second substrates 110
and 120 are attached to each other to from a LC layer. Alter-
natively, after the first and second substrates 110 and 120 are
attached to each other, the LCs can be injected into a space
between the TFT array 111 and the color filter array 121. The
LCs can be formed in various ways and practice of the inven-
tion is not limited to a particular method of forming the LC
layer.

[0071] During a process of attaching the first and second
substrates 110 and 120 to each other such that the TFT array
111 and the color filter array 121 face each other, the subpix-
els Pr, Pg, Pb, and Pv contained in the arrays 111 and 121 face
each other, and the BM 122 of the color filter array 121
overlaps the TFT of the TFT array 111, the gate lines 112, and
the data lines 115.

[0072] The polarizer includes a first polarizer and a second
polarizer attached on the outer surfaces of the two substrates,
respectively. The transmission axes of the first polarizer and
the second polarizer are perpendicular to each other.

[0073] The LCD device according to an embodiment
includes a vertical alignment (VA) mode L.C layer. That is, the
LC layer according to the embodiment is a negative type LC
layer having negative dielectric anisotropy, and includes LC
molecules vertically aligned at an initial alignment.
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[0074] The LCD device according to the above described
embodiment displays black on a screen when a signal is not
applied. That is, the LCD device operates in a normally black
mode.

[0075] FIGS. 6,7A, and 8A are views explaining a viewing
angle mode according to an embodiment, taken along the line
I-I' representing the horizontal direction of a display surface,
after a process of attaching the first and second substrates 110
and 120 to each other, an LC forming process, and a process
of attaching the first and second polarizers 161 and 162.
[0076] FIG. 6is aviewillustrating an LCD device during an
off-state when a voltage is not applied to the subpixels Pr, Pg,
Pb, and Pv.

[0077] Referring to FIG. 6, when a voltage is not applied to
the subpixels Pr, Pg, Pb, and Pv, the LCs 132 formed in the
subpixels Pr, Pg, Pb, and Pv maintain an initial alignment
state. Accordingly, the subpixels Pr, Pg, Pb, and Pv display
black.

[0078] The LCD device according to the embodiment con-
trols a viewing angle using the viewing angle controlling
subpixel Pv when realizing an image through the data dis-
playing subpixels Pr, Pg, and Pb. In addition, the LCD device
according to an embodiment improves the brightness of'a unit
pixel using the viewing angle controlling subpixel Pv.
[0079] FIGS.7A and 7B are views illustrating a wide view-
ing angle mode of an LCD device according to an embodi-
ment of the present invention.

[0080] Referring to FIGS. 7A and 7B, an image realized
through the data displaying subpixels Pr, Pg, and Pb during
the wide viewing angle mode may viewed not only along a
front viewing angle direction but also along left and right
viewing angle directions. The image viewed at the left and
right viewing angle directions is realized by transmitting the
image through the viewing angle controlling subpixel Pv in
the left and right viewing angle directions.

[0081] To realize the image, a common voltage is supplied
to the common electrodes 225 of the subpixel Pr, Pg, and Pb.
R, G, and B data voltages are applied to the first pixel elec-
trodes 117 of the data displaying subpixels Pr, Pg, and Pb. A
vertical electric field is formed between the common elec-
trode 225 to which the common voltage has been applied, and
the first pixel electrodes 117 to which the R, G, and B data
voltages have been applied. The LCs 132 of the data display-
ing subpixels Pr, Pg, and Pb are driven to an alignment surface
to form a right angle to the electric field, and light transmit-
tance is controlled according to a driving state of the L.Cs, so
that an image is displayed. At this point, since the vertical
electric field is distorted by the ribs 227, the LCs 132 are
radially distributed to be symmetrical in the vertical and hori-
zontal directions of a display surface around the ribs 227.
[0082] During the wide viewing angle mode according to
the embodiment, the viewing angle controlling subpixel Pv
substantially directly transmits light from the data displaying
subpixels Pr, Pg, and Pb in the left and right viewing angle
directions, and improves the brightness of an image displayed
in the front direction.

[0083] To realize the wide viewing angle mode and to
improve the brightness of an image, a wide viewing angle
data voltage is applied to the second pixel electrode 517 of the
viewing angle controlling subpixel Pv, and a voltage having
the same potential as that of the common voltage is applied to
the side electrode 520. Accordingly, a vertical electric field is
generated between the second pixel electrode 517 and the
common electrode 225. The LCs 132 contained in the view-
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ing angle controlling subpixel Pv is driven to an alignment
layer to form a right angle with the electric field. At this point,
since the vertical electric field is distorted by the rib 527, the
LCs 132 are radially distributed to be symmetrical in the
vertical and horizontal directions of a display surface around
the rib 527. For reference, when the long axis of the LC 132
is in parallel to the transmission axes x and y of the first and
second polarizers 161 and 162, light incident onto the view-
ing angle controlling subpixel Pv is not displayed on the
display surface. Since light incident in the front viewing angle
direction of the viewing angle controlling subpixel Pv passes
through the LCs 132 whose long axes are arranged in a radial
direction, the light passes through the second polarizer 162
and is displayed on the display surface. Accordingly, the
viewing angle controlling subpixel Pv contributes to improv-
ing the brightness of an image during the wide viewing angle
mode. Additionally, because an image incident from the left
and right viewing angle directions of the viewing angle con-
trolling subpixel Pv passes through the LCs 132 arranged
nearly horizontal on the display surface without phase delay
in response to a wide viewing angle data voltage applied to the
second pixel electrode 517, substantially the same image is
displayed in the left and right viewing angle direction.
[0084] FIGS. 8A and 8B are views illustrating a narrow
viewing angle mode of an LCD device according to an
embodiment of the present invention.

[0085] Referring to FIGS. 8A and 8B, an image realized
through the data displaying subpixels Pr, Pg, and Pb is dis-
played in the front viewing angle direction, and distorted in
the left and right viewing angle directions and displayed as
different information during the narrow viewing angle mode
according to the embodiment. The image displayed in the left
and right viewing angle direction is realized by transmitting
light through the viewing angle controlling subpixel Pv in the
left and right viewing angle direction.

[0086] To realize the image, a common voltage is supplied
to the common electrodes 225 of the subpixel Pr, Pg, and Pb.
R, G, and B data voltages are applied to the first pixel elec-
trodes 117 of the data displaying subpixels Pr, Pg, and Pb. A
vertical electric field is formed between the common elec-
trode 225 to which the common voltage has been applied, and
the first pixel electrodes 117 to which the R, G, and B data
voltages have been applied. The LCs 132 of the data display-
ing subpixels Pr, Pg, and Pb are driven to an alignment surface
to form a right angle to the electric field, and light transmit-
tance is controlled according to a driving state of the L.Cs, so
that an image is displayed. At this point, since the vertical
electric field is distorted by the ribs 227, the LCs 132 are
radially distributed to be symmetrical in the vertical and hori-
zontal directions of a display surface around the ribs 227.
[0087] During the narrow viewing angle mode according to
the embodiment, the viewing angle controlling subpixel Pv
delays the phase of light from the data displaying subpixels
Pr, Pg, and Pb in the left and right viewing angle directions,
and improves the brightness of an image displayed in the front
direction.

[0088] To realize the narrow viewing angle mode and
improve the brightness of an image, a narrow viewing angle
data voltage is applied to the second pixel electrode 517 of the
viewing angle controlling subpixel Pv, and a voltage having a
potential difference with respect to the common voltage is
applied to the side electrode 520. Accordingly, a vertical
electric field formed between the second pixel electrode 517
and the common electrode 225 is distorted by a voltage sup-
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plied to the side electrode 520, so that the long axes of the LCs
132 are arranged such that the display surface faces the ver-
tical direction. Simultaneously, since the electric field formed
in the viewing angle controlling subpixel Pv is distorted by
the rib 527, the LCs 132 are arranged to be symmetric around
therib 527. Light incident in the front viewing angle direction
of the viewing angle controlling subpixel Pv passes through
the second polarizer 162 through portions where the long axes
of'the LCs 132 are not parallel to the transmission axes X and
y ofthe first and second polarizers 161 and 162 (that is, the left
and right portions of the viewing angle controlling subpixel
Pv) and is displayed on the display surface. Accordingly, the
viewing angle controlling subpixel Pv contributes to improv-
ing the brightness of an image during the narrow viewing
angle mode. In addition, since an image incident from the left
and right viewing angle directions of the viewing angle con-
trolling subpixel Pv passes through the LCs 132 arranged
nearly vertical on the display surface in response to a narrow
viewing angle data voltage applied to the second pixel elec-
trode 517, the phase of the image is considerably delayed and
distorted information is displayed in the left and right viewing
angle directions.

[0089] The degree by which the long axes of the LCs 132
are driven in the left and right viewing angle directions is
controlled by a viewing angle control data voltage applied to
the second pixel electrode 517, so that the wide viewing angle
mode and the narrow viewing angle mode can be selectively
realized. A light transmittance amount through the viewing
angle controlling subpixel Pv in the front direction is also
controlled by a voltage applied to the second pixel electrode
517.

[0090] As described above, the LCD device according to
the embodiment controls the arrangement of the LCs using
the viewing angle controlling subpixel to selectively realize
the wide viewing angle mode and the narrow viewing angle
mode.

[0091] Additionally, in the LCD device according to the
embodiment, the viewing angle controlling subpixel controls
the arrangement of the LCs using the ribs and the side elec-
trode to improve brightness reduction of the pixels.

[0092] In addition, because the LCD device according to
the embodiment does not require a separate viewing angle
controlling panel, manufacturing costs may be reduced. Fur-
ther, as misalignment in attaching a separate viewing angle
controlling panel is not generated, so that manufacturing
yield may be increased, and the LCD device can be economi-
cally manufactured to have a light weight and a slim profile.
[0093] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope of
the invention. The described embodiments should be consid-
ered as examples. 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.

1. A liquid crystal display device comprising:

a pixel for displaying an image including a plurality of
subpixels, the subpixels of the pixel including:

data displaying subpixels each including a corresponding
liquid crystal layer of a vertical alignment mode using
negative liquid crystals interposed between a corre-
sponding first pixel electrode, the data displaying sub-
pixels for receiving red, green, and blue data voltages to
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display an image, and a common electrode to which a
common voltage is applied; and

a viewing angle controlling subpixel including a corre-

sponding liquid crystal layer of the vertical alignment
mode driven in response to voltages applied to the com-
mon electrode, a side electrode separated from the com-
mon electrode, and a second pixel electrode,

each of the subpixels of the pixel further including a rib

distorting an electric field applied to the corresponding
liquid crystal layer, the viewing angle controlling sub-
pixel substantially directly passing light from the data
displaying subpixels when an equivalent voltage to the
common voltage to the common electrode is applied to
the side electrode during a wide viewing angle mode of
the liquid crystal display device, and delaying a phase of
the light from the data displaying subpixels when a
voltage having a voltage difference from the common
voltage applied to the common electrode is applied to the
side electrode during a narrow viewing angle mode of
the liquid crystal display device.

2. The liquid crystal display device according to claim 1,
wherein the common electrode is independently formed on a
pixel row comprising a row arrangement of subpixels of the
pixel.

3. The liquid crystal display device according to claim 1,
wherein the common electrode is independently formed on a
pixel column comprising a column arrangement of subpixels
of the pixel.

4. The liquid crystal display device according to claim 1,
wherein the subpixels each include a thin film transistor array
and a color filter array facing each other with the correspond-
ing liquid crystal layer interposed therebetween.

5. The liquid crystal display device according to claim 4,
wherein the thin film transistor array comprises:

gate lines and data lines defining the subpixels; and

thin film transistors connected to the gate lines and the data

lines, wherein the first pixel electrodes are connected to
the thin film transistor in the corresponding data display-
ing subpixels, and the second pixel electrode is con-
nected to the thin film transistor in the viewing angle
controlling subpixel.

6. The liquid crystal display device according to claim 4,
wherein the color filter array comprises:

a black matrix dividing the subpixels;

red, green, and blue color filter patterns on the data dis-

playing subpixels; and

an overcoat layer covering the color filter patterns and the

black matrix.

7. The liquid crystal display device according to claim 6,
wherein the common electrode and the side electrode are on
the overcoat layer.

8. The liquid crystal display device according to claim 1,
wherein the rib of each subpixel is formed in a center of the
respective subpixel.
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9. The liquid crystal display device according to claim 1,
further comprising:

a control line electrically connecting to side electrodes of
adjacent viewing angle controlling subpixels, the con-
trol line avoiding the data displaying subpixels, and each
side electrode comprising a pair of side electrode sec-
tions facing each other in each viewing angle controlling
subpixel with the common electrode interposed between
the side electrode sections, and the control line compris-
ing a pair of control lines on one side and the other side
of a pixel row comprising a row arrangement of the
subpixels.

10. The liquid crystal display device according to claim 9,
wherein the side electrode of each adjacent viewing angle
controlling subpixels overlaps the second pixel electrode of
the respective adjacent viewing angle controlling subpixels.

11. A method for driving a liquid crystal display device, the
method comprising:

applying a common voltage to data displaying subpixels
and applying a voltage having substantially the same
potential as that of the common voltage to a side elec-
trode of a viewing angle controlling subpixel to substan-
tially directly pass light from the data displaying sub-
pixels through the viewing angle controlling subpixel
during a wide viewing angle mode; and

applying the common voltage to the data displaying sub-
pixels and applying a voltage having a voltage difference
from the common voltage to the side electrode of the
viewing angle controlling subpixel to delay, at the view-
ing angle controlling subpixel, phase of light from the
data displaying subpixels during a narrow viewing angle
mode,

the data displaying subpixels comprising a liquid crystal
layer of a vertical alignment mode using negative liquid
crystals between a first electrode to which red, green,
and blue data voltages are applied, and a common elec-
trode to which the common voltage is applied, and the
viewing angle controlling subpixel comprising the lig-
uid crystal layer of the vertical alignment mode driven in
response to a voltage applied to the common electrode, a
side electrode separated from the common electrode,
and a second pixel electrode.

12. The liquid crystal display device according to claim 1,
further comprising a control line electrically connecting side
electrodes of adjacent viewing angle controlling subpixels
and avoiding the data displaying subpixels,

wherein each side electrode comprises a pair of side elec-
trodes facing each other with the common electrode
interposed therebetween in each of the viewing angle
controlling subpixels, and

wherein the control line comprises a pair of control lines on
one side and the other side of a pixel column having a
column arrangement of the subpixels.

sk sk sk sk sk
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