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57 ABSTRACT

A liquid crystal display (LCD) device is disclosed, which
obtains a wide viewing angle without gray inversion, stabi-
lizes alignment of liquid crystal layer, and obtains high
aperture ratio. The LCD device includes first and second
substrates; gate and data lines crossing each other on the first
substrate to define a pixel region; a pixel electrode in the
pixel region; electric field inducing windows in respective
one of two regions of the pixel region; a common auxiliary
electrode corresponding to the electric field inducing win-
dow of the pixel electrode; a common electrode on the
second substrate, a dielectric protrusion on the common
electrode corresponding to the periphery of the pixel elec-
trode, and a liquid crystal layer between the first and second
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Korean
Application No. P2002-49489 filed on Aug. 21, 2002, 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, and more particularly, to an LCD
device obtaining a stable liquid crystal alignment, wide
viewing angle in left and right directions, and high aperture
ratio.

[0004]

[0005] With the development of the information society,
demands for various display devices have increased.
Accordingly, many efforts have been made to research and
develop various flat display devices such as liquid crystal
display (LCD), plasma display panel (PDP), electrolumi-
nescent display (ELD), and vacuum fluorescent display
(VED). Some types of the flat display devices are already
applied to displays of various equipments.

[0006] Among the various flat display devices, the liquid
crystal display (LCD) device has been most widely used due
to advantageous characteristics of thinness, lightness in
weight, and low power consumption. In many cases, the
LCD device substitutes for Cathode Ray Tube (CRT). In
addition to the mobile type LCD devices, such as a display
for a notebook computer, LCD devices have been developed
for computer monitors and televisions to receive and display
broadcasting signals.

[0007] Despite various technical developments in the
LCD technology with applications in different fields,
research in enhancing the picture quality of the LCD device
has been in some respects lacking as compared to other
features and advantages of the LCD device. Therefore, in
order to use the LCD device in various fields as a general
display, the key to developing the LCD device lies on
whether the LCD device can implement a high quality
picture, such as high resolution and high luminance with a
large-sized screen while still maintaining lightness in
weight, thinness, and low power consumption.

[0008] The LCD device includes an LCD panel for dis-
playing a picture image and a driving part for applying a
driving signal to the LCD panel. The LCD panel includes
lower and upper substrates bonded to each other at a
predetermined interval, and a liquid crystal layer between
the lower and upper substrates. The liquid crystal layer is
driven by an electric field generated between the lower and
upper substrates, thereby controlling a light transmittance by
the liquid crystal layer. As a result, the picture image is
displayed on the LCD panel.

[0009] Among the LCD devices, a Twisted Nematic (TN)
mode LCD device has been most generally used. The TN
mode LCD device has characteristics of varying the trans-
mittance of light at each gray level in accordance with a
corresponding viewing angle. Specifically, the transmittance
of light is distributed symmetrically in right and left direc-
tions of the TN mode LCD device, but asymmetrically in
lower and upper directions, whereby gray inversion is gen-

1. Field of the Invention

2. Discussion of the Related Art

Mar. 24, 2005

erated. In order to overcome such a problem, a method is
proposed to compensate for the variation of light transmit-
tance in accordance with a corresponding viewing angle by
dividing a domain by differentiating an alignment direction
of the liquid crystal layer in a pixel region.

[0010] A related art LCD device will be explained with
reference to the accompanying drawings. FIG. 1 is a plan
view illustrating a unit pixel of a related art LCD device, and
FIG. 2 is a cross-sectional view taken along line I-I' of FIG.

1.

[0011] The related art LCD device includes lower and
upper substrates 1 and 10 facing each other, and a liquid
crystal layer 16 between the lower and upper substrates 1
and 10.

[0012] The lower substrate 1 includes a plurality of gate
and data lines 2 and 4 crossing another to define a plurality
of pixel regions, a gate electrode 2a extended from both
sides of the gate line 2, a gate insulating layer (not shown)
on the lower substrate 1 including the gate line 2, an active
region 3 on the gate insulating layer above the gate electrode
24, a pixel electrode 7 in the pixel region at the same layer
as the active region, a source electrode 4a extended from the
data line 4 for being overlapped with one portion of the
active region 3, a drain electrode 4b being apart from the
source electrode 4a for being overlapped with another
portion of the active region 3 and a predetermined portion of
the pixel electrode 7, an interlayer passivation film 6 on an
entire surface of the lower substrate including the pixel
electrode 7, an alignment control electrode 5 on the inter-
layer passivation film 6 for being overlapped with the
periphery of the pixel electrode 7, and a first alignment layer
8 on the lower substrate 1 including the alignment control
electrode 3.

[0013] The upper substrate 10 includes a black matrix
layer (not shown), a color filter layer (not shown) on the
upper substrate 10 corresponding to the black matrix layer of
the upper substrate 10 and the pixel regions of the lower
substrate 1, a common electrode 13 on the color filter layer,
the common electrode 13 having an X-shaped alignment
control window 14, and a second alignment layer 15 on the
upper substrate 10 including the common electrode 13.
Then, the liquid crystal layer 16 is formed between the lower
and upper substrates 1 and 10.

[0014] Inthe related art LCD device, when an electric field
is generated between the pixel electrode 7 of the lower
substrate 1 and the common electrode 13 of the upper
substrate 10, as shown in an arrow of FIG. 2, a fringe field
is generated by the alignment control window 14 inside the
common electrode 13. Thus, liquid crystal molecules are
differently aligned at both sides of the alignment control
window 14 by the fringe field, thereby compensating a
viewing angle.

[0015] However, the related art LCD device has the fol-
lowing disadvantages.

[0016] In the related art LCD device, the alignment con-
trol electrode 5 is formed of a metal material through which
light does not pass, and the alignment control electrode 5 is
spaced apart from the data line 4 by a predetermined interval
to prevent a short between the alignment control electrode 5
from the data line 4 so that a width of the pixel region is
decreased, thereby decreasing aperture ratio and luminance.
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In order to apply the related art LCD device to manufactur-
ing, brightness of a backlight must be increased, whereby
power consumption increases.

[0017] The aforementioned related art relates to a vertical
alignment (VA) mode LCD device. In case of the TN mode
LCD device, the electric field is generated such that the
electric field faces outwardly in the periphery-of the pixel, so
that the alignment of the liquid crystal is unstable. Accord-
ingly, a light leakage is generated in the periphery of the
pixel, thereby decreasing contrast ratio. Furthermore, the
alignment of the liquid crystal becomes unstable even in a
light touch, thereby generating a spot. Also, it is difficult to
recover from the spot since a response time is slow.

SUMMARY OF THE INVENTION

[0018] Accordingly, the present invention is directed to a
liquid crystal display (LCD) device that substantially obvi-
ates one or more problems due to limitations and disadvan-
tages of the related art.

[0019] An advantage of the present invention is to provide
an LCD device having a wide viewing angle.

[0020] Another advantage of the present invention is to
provide an LCD device having no gray inversion.

[0021] Another advantage of the present invention is to
provide an LCD device, in which alignment of liquid crystal
is stable, thereby obtaining high aperture ratio.

[0022] Additional advantages, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0023] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, an LCD device includes
first and second substrates; gate and data lines crossing each
other on the first substrate to define a pixel region; a pixel
electrode in the pixel region; at least two electric field
inducing windows in at least divided two regions of the pixel
region; a common auxiliary electrode corresponding to the
electric field inducing window of the pixel electrode; a
common e¢lectrode on the second substrate; a dielectric
protrusion on the common electrode corresponding to the
periphery of the pixel electrode, and each boundary for
dividing the pixel region into at least two regions; and a
liquid crystal layer between the first and second substrates,
the liquid crystal layer having no dopant.

[0024] 1In another aspect of the present invention an LCD
device includes first and second substrates; gate and data
lines crossing each other on the first substrate to define a
pixel region; a common auxiliary electrode in the pixel
region corresponding the periphery of the pixel region and
each boundary for dividing the pixel region into at least two
regions; a pixel electrode in the pixel region;, a common
electrode on the second substrate; at least two dielectric
protrusions on the common electrode in respective regions
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of the pixel region; and a liquid crystal layer between the
first and second substrates, the liquid crystal layer having no
dopant.

[0025] It 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

[0026] 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.

[0027]

[0028] FIG. 1 is an enlarged plan view illustrating a unit
pixel of an LCD device according to the related art;

In the drawings:

[0029] FIG. 2 is a cross-sectional view taken along line
I-I' of FIG. 1,
[0030] FIG. 3 is an enlarged plan view illustrating a unit

pixel of an LCD device according to the first embodiment of
the present invention;

[0031] FIG. 4 is a cross-sectional view illustrating a unit
pixel of an LCD device taken along lines II-II' and ITI-IIT' of
FIG. 3 according to one structure of the first embodiment of
the present invention;

[0032] FIG. 5 is a cross-sectional view illustrating a unit
pixel of an LCD device taken along lines II-1I' and ITI-IIT' of
FIG. 3 according to another structure of the first embodi-
ment of the present invention,

[0033] FIG. 6 to FIG. 11 are enlarged plan views illus-
trating a unit pixel of an LCD device according to various
structures of the second embodiment of the present inven-
tion;

[0034] FIG. 12 is an enlarged plan view illustrating a unit
pixel of an LCD device according to the third embodiment
of the present invention,

[0035] FIG. 13 is a cross-sectional view illustrating a unit
pixel of an LCD device taken along lines IV-IV' and V-V
according to one structure of the third embodiment of the
present invention;

[0036] FIG. 14 is a cross-sectional view illustrating a unit
pixel of an LCD device taken along lines IV-IV' and V-V
according to another structure of the third embodiment of
the present invention;

[0037] FIG. 15 to FIG. 20 are enlarged plan views illus-
trating a unit pixel of an LCD device according to various
structures of the fourth embodiment of the present invention;

[0038] FIG. 21 is an enlarged plan view illustrating a unit
pixel of an LCD device according to the fifth embodiment of
the present invention;

[0039] FIG. 22 is a cross-sectional view illustrating a unit
pixel of an LCD device taken along line VI-VI' of FIG. 21
according to one structure of the fifth embodiment of the
present invention;
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[0040] FIG. 23 is a cross-sectional view illustrating a unit
pixel of an LCD device taken along line VI-VI' of FIG. 21
according to another structure of the fifth embodiment of the
present invention;

[0041] FIG. 24 is an enlarged plan view illustrating a unit
pixel of an LCD device according to the sixth embodiment
of the present invention;

[0042] FIG. 25 is a cross-sectional view illustrating a unit
pixel of an LCD device taken along line VII-VII' of FIG. 24
according to one structure of the sixth embodiment of the
present invention;

[0043] FIG. 26 is a cross-sectional view illustrating a unit
pixel of an LCD device taken along line VII-VII' of FIG. 24
according to another structure of the sixth embodiment of
the present invention;

[0044] FIG. 27A, FIG. 27B, FIG. 28A to FIG. 28D
illustrate viewing angle and gray inversion when using a
general film in an ILCD device according to the present
invention; and

[0045] FIG. 29A, FIG. 29B, FIG. 30A to FIG. 30D
illustrate viewing angle and gray inversion when using a
negative compensation film in an LCD device according to
the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0046] 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.

[0047] Inthe embodiments of the present invention, a unit
pixel is divided into multi-domains, and liquid crystal is
rotated in the respective domains according to a direction of
an electric field. For this, liquid crystal having a positive
dielectric anisotropy is used, and a dopant is not added
thereto. At this time, an elastic coefficient of the aforemen-
tioned liquid crystal is greater at 10% than liquid crystal
having a positive dielectric anisotropy. In addition, in
examples set forth herein, a pre-tilt angle of an alignment
layer is 1° or less.

[0048] In a unit pixel region, an alignment direction is set
according to a splay method, or to about 0° or about 90°. At
least two slits (hereinafter, referred to as an electric field
inducing window) are formed horizontally, vertically or
diagonally in a pixel electrode or an upper substrate. Also,
a common auxiliary electrode is formed below the electric
field inducing window or in the periphery of the pixel
electrode to control the direction of the electric field. Fur-
thermore, a dielectric protrusion or electric field inducing
window is formed on an upper substrate (color filter sub-
strate) to reinforce the direction of the electric field induced
by the lower substrate.

[0049] The LCD device according to the embodiment of
the present invention will be described with reference to the
accompanying drawings in which the unit pixel region is
divided into four domains.

First Embodiment

[0050] FIG. 3 is an enlarged plan view illustrating a unit
pixel of an LCD device according to the first embodiment of
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the present invention. FIG. 4 is a cross-sectional view
illustrating a unit pixel of an LCD device taken along lines
II-IT* and ITI-IIT' of FIG. 3 according to one structure of the
first embodiment of the present invention. FIG. § is a
cross-sectional view illustrating a unit pixel of an LCD
device taken along lines II-II' and III-IIT' of FIG. 3 according
to another structure of the first embodiment of the present
invention.

[0051] As illustrated in FIG. 3 and FIG. 4, the LCD
device according to the first embodiment of the present
invention includes lower and upper substrates 30 and 20
facing each other, a plurality of gate and data lines 31 and
33, a thin film transistor (not shown), first and second
common auxiliary electrodes 31a and 31b, a gate insulating
layer 32, a passivation layer 34, a pixel electrode 35, a black
matrix layer 21, a color filter layer 22, a common electrode
24, a dielectric protrusion 23, and a liquid crystal layer 40.

[0052] On the lower substrate 30, the plurality of gate and
data lines 31 and 33 are formed to cross each other for
defining a plurality of pixel regions, and the thin film
transistor (not shown) is formed at a crossing point of the
gate and data lines 31 and 33. Then, the first and second
common auxiliary electrodes 31a and 31b are formed at the
same layer as the gate or data line 31 and 33, which are
respectively formed for being substantially parallel and
substantially perpendicular to the gate line 31 in two regions
of the unit pixel region. The gate insulating layer 32 is
formed on an entire surface of the lower substrate 30
including the gate line 31 and the first and second common
auxiliary electrodes 31a and 31b, and the passivation layer
34 is formed on the entire surface of the lower substrate 30
including the data line 33. Also, the pixel electrode 35 is
formed on the passivation layer 34 corresponding to the
pixel region for being connected to the thin film transistor,
the pixel electrode 35 having first and second electric field
inducing windows 36a and 36b respectively corresponding
to the first and second common auxiliary electrodes 31a and
3b.

[0053] Next, the black matrix layer 21 is formed on the
upper substrate 20 corresponding to regions except the pixel
region of the lower substrate 30, and the color filter layer 22
is formed on the upper substrate 20 corresponding to the
pixel region of the lower substrate 30 for being partially
overlapped with the black matrix layer 21. Then, the com-
mon electrode 24 is formed on an entire surface of the upper
substrate 20 including the color filter layer 22, and the
dielectric protrusion 23 is formed on the common electrode
24 corresponding to the periphery of the pixel electrode and
a boundary dividing the unit pixel region into the two
regions. After that, the liquid crystal layer 40 is provided
between the lower and upper substrates 30 and 20.

[0054] 1In the aforementioned structure of the LCD device,
as illustrated in FIG. §, an electric field inducing window 25
may be formed in the common electrode 24 instead of the
dielectric protrusion 23 on the common electrode 24 of the
upper substrate 20. Although not shown, an overcoat layer
may be additionally formed on the color filter layer 22 for
protecting the color filter layer 22. Referring to FIG. 3 and
FIG. 5, the dielectric protrusion 23 or the electric field
inducing window 25 is formed on the common electrode 24
or in the common electrode 24 for being partially overlapped
with the periphery of the pixel electrode 35.
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[0055] As illustrated in FIG. 3 showing the plan view of
the unit pixel region, the unit pixel region is divided into
upper and lower regions by the dielectric protrusion 23 or
the electric field inducing window 25. Also, the upper region
is divided into first and second domains according to the first
electric field inducing window 364, and the lower region is
divided into third and fourth domains according to the
second electric field inducing window 36b. As a result, the
unit pixel region is divided into the multi-domains according
to the first and second electric field inducing windows 364
and 36b, whereby a wide viewing angle is obtained since
different alignment directions are formed in the multi-
domains of the unit pixel region.

[0056] That is, the unit pixel region is divided into the two
domains. Then, one of the regions is divided into the two
domains by the first electric field inducing window 364
horizontally formed in the unit pixel region. At this time, the
divided two domains are symmetrical in lower and upper
directions. In addition, the other region is divided by the
second electric field inducing window 36b that is substan-
tially perpendicular to the gate line 31 in the unit pixel
region, whereby the two domains are formed symmetrically
in left and right directions. As a result, the four domains are
formed in the unit pixel region.

[0057] The dielectric protrusion 23 or the electric field
inducing window 25 is formed on the upper substrate 20 to
reinforce a direction of an electric field induced by the lower
substrate 30. Also, the first and second common auxiliary
electrodes 31a and 31b disposed below the first and second
electric field inducing windows 36a and 36b reinforce a
fringe field, whereby the direction of the electric field faces
inward in the pixel region.

[0058] In case of that rubbing directions of the lower and
upper substrates 30 and 20 are formed in a splay method, as
illustrated in FIG. 3, the direction of the liquid crystal faces
inward in the respective regions of the unit pixel region
toward the first and second electric field inducing windows
36a and 36b, as indicated by arrows of FIG. 3. Also, as
mentioned above, the first and second common auxiliary
electrodes 31a and 316 may be formed during the process
forming the gate line 31 or the data line 33, whereby the
manufacturing process is simplified.

[0059] FIG. 4 shows that the first and second common
auxiliary electrodes 31a and 31h may be formed with the
gate line 31 at the same time. The pixel electrode 35 may be
formed for being overlapped with the data line 33 at a
predetermined portion, thereby improving aperture ratio. In
this case, the passivation layer 34 is formed between the
pixel electrode 35 and the data line 33 to prevent signal
interference between the pixel electrode 35 and the data line
33. The passivation layer 34 may be formed of an organic
insulating layer having a low dielectric constant such as
Benzocyclobutene (BCB) or photo-acryl. Also, in case of
that the predetermined portion of the data line 33 is over-
lapped with the pixel electrode 35, the black matrix layer 21
is formed on the remaining portion of the data line 33 that
is not overlapped with the pixel electrode 35, whereby the
aperture ratio is improved.

[0060] It will be apparent to those skilled in the art that
various modifications and variations of the gate line 31, the
data line 33, the gate insulating layer 32, the black matrix
layer 21 and the color filter layer 22 can be made in the

Mar. 24, 2005

present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

[0061] An alignment layer is formed on the entire surface
of at least one of the lower and upper substrates 30 and 20
for an initial alignment of the liquid crystal layer. At this
time, the alignment layer may be formed of polyamide or
polyimide group compound material, polyvinylalcohol
(PVA), or polyamic acid with rubbing. Or, the alignment
layer may be formed of any material having photoreaction
group such as polyvinylcinnamate (PVCN), polysiloxane-
cinnamate (PSCN) or cellulosecinnamate (CelCN) with
light (i.e., photoalignment). In this state, the pretilt angle and
alignment direction are simultaneously determined by photo
irradiation process step at least one time. Ultraviolet rays of
unpolarized light, non-polarized light, linearly polarized
light or partially polarized light may be used.

[0062] More particularly, the pretilt angle of the alignment
layer is about 0°, and the lower and upper substrates are
aligned or rubbed in the splay method. Also, in this embodi-
ment of the present invention, dopant is not added to the
liquid crystal layer, whereby the liquid crystal is rotated at
the same direction as the electric field. That is, the rotation
direction of the liquid crystal is determined according to a
voltage applied to the first and second common auxiliary
electrodes 31z and 31b because dopant is not added to the
liquid crystal layer. The dopant would influence the rotation
direction of the liquid crystal.

[0063] Hereinafter, the rotation direction of the liquid
crystal will be described in detail.

[0064] In the first domain of the pixel region, the direction
of the electric field inwardly faces the first common auxil-
iary electrode 31a (arrow A of FIG. 3). In this state, when
a voltage is applied to the first common auxiliary electrode
31a, the liquid crystal molecules that are substantially par-
allel to the lower and upper substrates become substantially
perpendicular to the lower and upper substrates. At this time,
the liquid crystal molecules are rotated clockwise from a
direction of four o’clock, so that the liquid crystal molecules
are generally arranged in a direction of six o’clock.

[0065] In the second domain of the pixel region, the
direction of the electric field inwardly faces the first com-
mon auxiliary electrode 31a (arrow B of FIG. 3). In this
state, when the voltage is applied to the first common
auxiliary electrode 314, the liquid crystal molecules that are
substantially parallel to the lower and upper substrates
become substantially perpendicular to the lower and upper
substrates. At this time, the liquid crystal molecules are
rotated clockwise from a direction of ten o’clock, so that the
liquid crystal molecules are generally arranged in a direction
of twelve o’clock.

[0066] In the third domain of the pixel region, the direc-
tion of the electric field inwardly faces the second common
auxiliary electrode 315 (arrow C of FIG. 3). In this state,
when the voltage is applied to the second common auxiliary
electrode 31, the liquid crystal molecules that are substan-
tially parallel to the lower and upper substrate become
substantially perpendicular to the lower and upper sub-
strates. At this time, the liquid crystal molecules are rotated
counterclockwise from a direction of four o’clock, whereby
the liquid crystal molecules are generally arranged in a
direction of three o’clock.
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[0067] In the fourth domain of the pixel region, the
direction of the electric field inwardly faces the second
common auxiliary electrode 315 (arrow D of FIG. 3). In this
state, when the voltage is applied to the second common
auxiliary electrode 315, the liquid crystal molecules that are
substantially parallel to the lower and upper substrates
become substantially perpendicular to the lower and upper
substrates. At this time, the liquid crystal molecules are
rotated counterclockwise from a direction of ten o’clock,
whereby the liquid crystal molecules are generally arranged
in a direction of nine o’clock.

[0068] As mentioned above, the unit pixel region is
divided into the four domains by distortion of the electric
field. Thus, it is possible to compensate phase difference by
the light transmittance in the unit pixel region, thereby
preventing gray inversion and obtaining symmetrical view-
ing angle. The aforementioned structure has the aperture
ratio of 70% or more as compared to a general TN mode
LCD device.

[0069] In the LCD device according to the first embodi-
ment of the present invention, as illustrated in FIG. 3, the
direction of the liquid crystal molecules generally faces the
first and second electric field inducing windows 364 and 36b
in the same direction as the electric field.

Second Embodiment

[0070] FIG. 6 to FIG. 11 are enlarged plan views illus-
trating a unit pixel of an LCD device according to various
structures of the second embodiment of the present inven-
tion. In the LCD device according to the second embodiment
of the present invention, a unit pixel region is divided into
eight domains, whereby the whole region of the unit pixel
region is uniformly influenced by electric field intensity. The
LCD device according to the second embodiment of the
present invention has the same structure as that of the LCD
device according to the first embodiment of the present
invention, except that the number of electric field inducing
windows, the number of common auxiliary electrodes, and
the shapes of the electric field inducing window and dielec-
tric protrusion may be different from those of the first
embodiment.

[0071] As illustrated in FIG. 6 to FIG. 11, and FIG. 4
illustrating the cross-sectional view according to the first
embodiment of the present invention, the LCD device
according to the second embodiment of the present invent
includes lower and upper substrates 30 and 20 facing each
other at a fixed interval, a plurality of gate and data lines 31
and 33, a thin film transistor (not shown), first to fourth
common auxiliary electrodes 31a, 31b, 31¢ and 314, a gate
insulating layer 32, a passivation layer 34, a pixel electrode
35, a black matrix layer 21, a color filter layer 22, a common
electrode 24, a dielectric protrusion 23 and a liquid crystal
layer 40.

[0072] On the lower substrate 30, the plurality of gate and
data lines 31 and 33 are formed to cross to each other for
defining a plurality of pixel regions, and the thin film
transistor (not shown) is formed at a crossing point of the
gate and data lines 31 and 33. Then, the first to fourth
common auxiliary electrodes 31a to 31d are formed at the
same layer as the gate or data line 31 or 33, of which two are
respectively formed in two regions of the unit pixel region
for being horizontal to the gate line, and the other two are
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respectively formed in the other two regions of the pixel
region for being vertical to the gate line without regard to the
order of the regions. The gate insulating layer 32 is formed
on an entire surface of the lower substrate 30 including the
gate line 31 and the first to fourth common auxiliary
electrodes 31a to 314, and the passivation layer 34 is formed
on the entire surface of the lower substrate 30 including the
data line 33. Also, the pixel electrode 35 is formed on the
passivation layer 34 corresponding to the pixel region for
being connected to the thin film transistor, the pixel elec-
trode 35 having first to fourth electric field inducing win-
dows 364 and 36d respectively corresponding to the first and
fourth common auxiliary electrodes 31a and 31d.

[0073] Next, the black matrix layer 21 is formed on the
upper substrate 20 corresponding to regions except the pixel
region of the lower substrate 30, and the color filter layer 22
is formed on the upper substrate 20 corresponding to the
pixel region of the lower substrate 30 for being partially
overlapped with the black matrix layer 21. The common
electrode 24 is formed on an entire surface of the upper
substrate 20 including the color filter layer. Also, the dielec-
tric protrusion 23 is formed on the common electrode 24
corresponding to the periphery of the pixel electrode 35 and
a boundary between the divided regions in the unit pixel
region for dividing the unit pixel region into four regions.
After that, the liquid crystal layer 40 is provided between the
lower and upper substrates 30 and 20.

[0074] In the aforementioned structure of the LCD device,
as illustrated in FIG. 5, an electric field inducing window 25
may be formed in the common electrode 24 instead of the
dielectric protrusion 23 on the common electrode 24 of the
upper substrate 20. At this time, an overcoat layer (not
shown) may be additionally formed on the color filter layer
22 for protecting the color filter layer 22. The dielectric
protrusion 23 or the electric field inducing window 25 may
be partially overlapped with the periphery of the pixel
electrode 35.

[0075] As illustrated in FIG. 6 showing the plan view of
the unit pixel, the unit pixel region may be divided into the
four regions by the dielectric protrusion 23 or the electric
field inducing window 25. The first to fourth electric field
inducing windows 364, 36b, 36¢c and 364 are respectively
formed in the four regions divided by the dielectric field 23
or the electric field inducing window 25, thereby dividing
the unit pixel region into eight domains. At this time, the two
of the electric field inducing windows are formed substan-
tially perpendicular to the gate line 31, and the other two are
formed substantially parallel to the gate line 31.

[0076] For example, as illustrated in FIG. 6, the first and
third electric field inducing windows 364 and 36¢ may be
formed substantially parallel to the gate line 31 in the first
and third regions of the unit pixel region, and the second and
fourth electric field inducing windows 36 and 364 may be
formed substantially perpendicular to the gate line 31 in the
second and fourth regions of the unit pixel region. In another
example as illustrated in FIG. 7, the first and second electric
field inducing windows 362 and 360 may be formed sub-
stantially parallel to the gate line 31 in the first and second
regions of the unit pixel region, and the third and fourth
electric field inducing windows 36¢ and 36d may be formed
substantially perpendicular to the gate line 31 in the third
and fourth regions of the unit pixel region. In the example
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illustrated in FIG. 8, the first and fourth electric field
inducing windows 36a and 364 may be formed substantially
parallel to the gate line 31 in the first and fourth regions of
the unit pixel region, and the second and third electric field
inducing windows 36b and 36¢ may be formed substantially
perpendicular to the gate line 31 in the second and third
regions of the unit pixel region. In the example illustrated in
FIG. 9, the first and fourth electric field inducing windows
364 and 36d may be formed substantially perpendicular to
the gate line 31 in the first and fourth regions of the unit pixel
region, and the second and third electric field inducing
windows 365 and 36¢ may be formed substantially parallel
to the gate line 31 in the second and third regions of the unit
pixel region. As illustrated in the example in FIG. 10, the
first and third electric field inducing windows 36a and 36¢
may be formed substantially perpendicular to the gate line
31 in the first and third regions of the unit pixel region, and
the second and fourth electric field inducing windows 36b
and 364 may be formed substantially parallel to the gate line
31 in the second and fourth regions of the unit pixel region.
As illustrated in the example in FIG. 11, the first and second
electric field inducing windows 36a and 365 may be formed
substantially perpendicular to the gate line 31 in the first and
second regions of the unit pixel region, and the third and
fourth electric field inducing windows 36¢ and 364 may be
formed substantially parallel to the gate line 31 in the third
and fourth regions of the unit pixel region.

[0077] Inother words, as illustrated in FIG. 6, the first and
third regions of the unit pixel region respectively may have
the first and third electric field inducing windows 36a and
36¢ formed substantially parallel to the gate line 31 in the
unit pixel region, whereby the first and third regions have
respective symmetrical structures in lower and upper direc-
tions according to the first and third electric field inducing
windows 36a and 36¢. Also, the second and fourth regions
of the unit pixel region respectively may have the second
and fourth electric field inducing windows 36b and 364
formed substantially perpendicular to the gate line 31 in the
unit pixel region, whereby the second and fourth regions
have respective symmetrical structures in left and right
directions according to the second and fourth electric field
inducing windows 360 and 36d. As a result, the first to
fourth regions are formed in the unit pixel region.

[0078] In FIG. 7, the first and second regions of the unit
pixel region respectively may have the first and second
electric field inducing windows 36a and 365 formed sub-
stantially parallel to the gate line 31 in the unit pixel region,
whereby the first and second regions have respective sym-
metrical structures in lower and upper directions according
to the first and second electric field inducing windows 364
and 36D. Also, the third and fourth regions of the unit pixel
region respectively may have the third and fourth electric
field inducing windows 36¢ and 364 formed substantially
perpendicular to the gate line 31 in the unit pixel region,
whereby the third and fourth regions have respective sym-
metrical structures in left and right directions according to
the third and fourth electric field inducing windows 36¢ and
36d. As a result, the first to fourth regions are formed in the
unit pixel region.

[0079] Asillustrated in FIG. 8, the first and fourth regions
of the unit pixel region respectively may have the first and
fourth electric field inducing windows 364 and 364 formed
substantially parallel to the gate line 31 in the unit pixel
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region, whereby the first and fourth regions have respective
symmetrical structures in lower and upper directions accord-
ing to the first and fourth electric field inducing windows
36a and 36d. Also, the second and third regions of the unit
pixel region respectively may have the second and third
electric field inducing windows 36b and 36¢ formed sub-
stantially perpendicular to the gate line 31 in the unit pixel
region, whereby the second and third regions have respec-
tive symmetrical structures in left and right directions
according to the second and third electric field inducing
windows 360 and 36¢. As a result, the first to fourth regions
are formed in the unit pixel region.

[0080] Asillustrated in FIG. 9, the first and fourth regions
of the unit pixel region respectively may have the first and
fourth electric field inducing windows 364 and 36d formed
substantially perpendicular to the gate line 31 in the unit
pixel region, whereby the first and fourth regions have
respective symmetrical structures in left and right directions
according to the first and fourth electric field inducing
windows 364 and 36d. Also, the second and third regions of
the unit pixel region respectively may have the second and
third electric field inducing windows 365 and 36¢ formed
substantially parallel to the gate line 31 in the unit pixel
region, whereby the second and third regions have respec-
tive symmetrical structures in lower and upper directions
according to the second and third electric field inducing
windows 365 and 36¢. As a result, the first to fourth regions
are formed in the unit pixel region.

[0081] Asillustrated in FIG. 10, the first and third regions
of the unit pixel region respectively may have the first and
third electric field inducing windows 364 and 36¢ formed
substantially perpendicular to the gate line 31 in the unit
pixel region, whereby the first and third regions have respec-
tive symmetrical structures in left and right directions
according to the first and third electric field inducing win-
dows 36a and 36¢. Also, the second and fourth regions of the
unit pixel region respectively may have the second and
fourth electric field inducing windows 36b and 36d formed
substantially parallel to the gate line 31 in the unit pixel
region, whereby the second and fourth regions have respec-
tive symmetrical structures in lower and upper directions
according to the second and fourth electric field inducing
windows 360 and 36d. As a result, the first to fourth regions
are formed in the unit pixel region.

[0082] As illustrated in FIG. 11, the first and second
regions of the unit pixel region respectively may have the
first and second electric field inducing windows 36a and 36b
formed substantially perpendicular to the gate line 31 in the
unit pixel region, whereby the first and second regions have
respective symmetrical structures in left and right directions
according to the first and second electric field inducing
windows 36a and 36b. Also, the third and fourth regions of
the unit pixel region respectively may have the third and
fourth electric field inducing windows 36¢ and 36d formed
substantially parallel to the gate line 31 in the unit pixel
region, whereby the third and fourth regions have respective
symmetrical structures in lower and upper directions accord-
ing to the third and fourth electric field inducing windows
36¢ and 36d. As a result, the first to fourth regions are
formed in the unit pixel region.

[0083] As mentioned above, the unit pixel region of the
LCD device according to the second embodiment of the
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present invention is divided into the eight domains, multi-
domains, thereby obtaining a wide viewing angle. Also, it is
possible to vary the viewing angle by controlling a size ratio
of the respective pixel regions.

[0084] The diclectric protrusion 23 is formed on the upper
substrate 20 to reinforce a direction of an electric field
induced by the lower substrate 30. Also, the first to fourth
common auxiliary electrodes 31a, 31b, 31c and 31d dis-
posed below the first to fourth electric field inducing win-
dows 364, 36b, 36¢ and 36d reinforce a fringe field, whereby
the direction of the electric field inwardly faces in the pixel
region.

[0085] In case of that the lower and upper substrates 30
and 20 are aligned or rubbed in a splay method as illustrated
in FIG. 6 to FIG. 11, the direction of the liquid crystal faces
inwardly in the respective regions of the unit pixel region
toward the first to fourth electric field inducing windows
36a, 36D, 36¢ and 364, as indicated by the arrows of FIG.
6 to FIG. 11. Also, the first to fourth common auxiliary
electrodes 314, 31b, 31c and 31d may be formed during the
process forming the gate line 31 or the data line 33, whereby
the manufacturing process is simplified.

[0086] Also, the pixel electrode 35 may be formed to
overlap with the data line 33 at the predetermined portion,
thereby improving aperture ratio. In this case, the passiva-
tion layer 34 is formed between the pixel electrode 35 and
the data line 33 to prevent signal interference between the
pixel electrode 35 and the data line 33. The passivation layer
34 may be formed of an organic insulating layer having a
low dielectric constant such as Benzocyclobutene (BCB) or
photo-acryl. Also, in case of that the predetermined portion
of the data line 33 is overlapped with the pixel electrode 35,
the black matrix layer 21 is formed on the remaining portion
of the data line 33 of the upper substrate 20, whereby the
aperture ratio is improved.

[0087] Tt will be apparent to those skilled in the art that
various modifications and variations of the gate line 31, the
data line 33, the gate insulating layer 32, the black matrix
layer 21 and the color filter layer 22 can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

[0088] An alignment layer may be formed on an entire
surface of at least one of the lower and upper substrates 130
and 120 for an initial alignment of the liquid crystal layer.
Herein, an alignment direction is controlled by alignment or
rubbing. The alignment layer may be formed of polyamide
or polyimide group compound material, polyvinylalcohol
(PVA), or polyamic acid with rubbing. Or, the alignment
layer may be formed of any material having photoreaction
group such as polyvinylcinnamate (PVCN), polysiloxane-
cinnamate (PSCN) or cellulosecinnamate (CelCN) with
light (photoalignment). In this state, the pretilt angle and
alignment direction are simultaneously determined by photo
irradiation process step at least one time, and ultraviolet rays
of unpolarized light, non-polarized light, linearly polarized
light or partially polarized light may be used.

[0089] More particularly, the pretilt angle of the alignment
layer is about 0°, and the lower and upper substrates are
aligned or rubbed in the splay method. Also, in this embodi-

Mar. 24, 2005

ment, dopant is not added to the liquid crystal layer, whereby
the liquid crystal is rotated at the same direction as the
electric field. That is, the rotation direction of the liquid
crystal is determined according to a voltage applied to the
first to fourth common auxiliary electrodes 314 to 31d since
the dopant is not added to the liquid crystal layer. The dopant
would influence the rotation direction of the liquid crystal.

[0090] As mentioned above, the unit pixel region is
divided into the eight domains by the distortion of the
electric field. Thus, phase difference of the light transmit-
tance is compensated in the unit pixel region, thereby
preventing gray inversion. Also, the viewing angle is sym-
metrical. The aforementioned structure has the aperture ratio
of 70% or more as compared to a general TN mode LCD
device.

[0091] In the LCD device according to the first embodi-
ment of the present invention, as shown in FIG. 6 to FIG.
11, the direction of the liquid crystal molecules inwardly
faces the first to fourth electric field inducing windows 36a
to 36d in the same direction as the electric field.

[0092] The LCD device according to the second embodi-
ment of the present invention has the same structure as that
of the LCD device according to the first embodiment of the
present invention except that the unit pixel region is divided
into the eight domains.

Third Embodiment

[0093] FIG. 12 is an enlarged plan view illustrating a unit
pixel of an LCD device according to the third embodiment
of the present invention. FIG. 13 is a cross-sectional view
illustrating a unit pixel of an LCD device taken along lines
IV-IV' and V-V' according to one structure of the third
embodiment of the present invention. FIG. 14 is a cross-
sectional view illustrating a unit pixel of an LCD device
taken along lines IV-IV' and V-V' according to another
structure of the third embodiment of the present invention.

[0094] In the LCD device according to the third embodi-
ment of the present invention, as illustrated in FIG. 12 to
FIG. 14, a common auxiliary electrode is formed in the
periphery of a pixel region, whereby a direction of an
electric field outwardly faces the periphery of the pixel
region. As a result, liquid crystal molecules outwardly face.

[0095] As illustrated in FIG. 12 to FIG. 14, the LCD
device according to the third embodiment of the present
invention includes lower and upper substrates 130 and 120
facing each other at a fixed interval, a plurality of gate and
data lines 131 and 133, a thin film transistor (not shown), a
gate insulating layer 132, a first passivation layer 134, a
common auxiliary electrode 135, a second passivation layer
136, a pixel electrode 137, a black matrix layer 121, a color
filter layer 122, a common electrode 123, first and second
dielectric protrusions 124a and 124b, and a liquid crystal
layer 140.

[0096] On the upper substrate 130, the plurality of gate
and data lines 131 and 133 are formed to cross each other for
defining a plurality of pixel regions, and the thin film
transistor (not shown) is formed at a crossing point of the
gate and data lines 131 and 133. Then, the gate insulating
layer 132 is formed on an entire surface of the lower
substrate 130 including the gate line 131, and the first
passivation layer 134 is formed on the entire surface of the
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lower substrate 130 including the data line 133. The com-
mon auxiliary electrode 135 is formed in the periphery and
the center portion of the pixel region for being overlapped
with the data line 133, and the second passivation layer 136
is formed on the entire surface of the lower substrate 130
including the common auxiliary electrode 135. Also, the
pixel electrode is formed on the second passivation layer
136 corresponding to the pixel region for being connected
with the thin film transistor.

[0097] Next, the black matrix layer 121 is formed on the
upper substrate 120 corresponding to regions except the
pixel region of the lower substrate 130, and the color filter
layer 122 is formed on the upper substrate 120 correspond-
ing to the pixel region of the lower substrate 130 for being
partially overlapped with the black matrix layer 121. Then,
the common electrode 123 is formed on an entire surface of
the upper substrate 120 including the color filter layer 122.
The respective first and second dielectric protrusions 124a
and 124b are formed on the common e¢lectrode 123 corre-
sponding to the pixel electrode 137 and may be substantially
parallel and substantially perpendicular to the gate line 31,
respectively, or vice versa. The liquid crystal layer 140 is
provided between the lower and upper substrates 130 and
120.

[0098] As illustrated in FIG. 14, first and second electric
field inducing windows 1254 and 125b may be formed in the
common electrode 123 instead of the first and second
dielectric protrusions 124a and 1245 on the common elec-
trode 123 of the upper substrate 120. At this time, an
overcoat layer (not shown) may be additionally formed on
the color filter layer 122 for protecting the color filter layer
122, Referring to FIG. 12 to FIG. 14, the common auxiliary
electrode 135 partially overlaps with the gate and data lines
131 and 133.

[0099] In FIG. 12 illustrating the plan view of the unit
pixel region, the unit pixel region is divided into upper and
lower regions by the common auxiliary electrode 135. The
upper region is divided into first and second domains
according to the first dielectric protrusion 124a or the first
electric field inducing window 125¢ substantially parallel to
the gate line 131 in the unit pixel region, and the lower
region is divided into third and fourth domains according to
the second dielectric protrusion 1245 or the second electric
field inducing window 125b substantially perpendicular to
the gate line 131. As a result, the unit pixel region is divided
into the multi-domains according to the first and second
dielectric protrusions 124a and 124b or the electric field
inducing windows 125a and 125b, whereby a wide viewing
angle is obtained since different alignment directions are
formed in the unit pixel region.

[0100] That is, the upper region of the unit pixel region is
divided into the two domains by the first dielectric protru-
sion 124a or first electric field inducing window 12354
formed substantially parallel to the gate line 131 in the pixel
region. At this time, the divided two domains are symmetri-
cal in lower and upper directions. In addition, the lower
region of the unit pixel region is divided by the second
dielectric protrusion 124b or second electric field inducing
window 125b formed substantially perpendicular to the gate
line 131 in the unit pixel region, whereby the two domains
are formed symmetrically in left and right directions. As a
result, the four domains are formed in the unit pixel region.
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Also, the direction of the electric field outwardly faces the
periphery of the pixel region because of the common aux-
iliary electrode 135 formed on the lower substrate 130.

[0101] In case of that the lower and upper substrates 130
and 120 are aligned or rubbed in a splay method of FIG. 12,
the direction of the liquid crystal outwardly faces the periph-
ery of the pixel region because of the first and second
dielectric protrusions 124a and 124b or the first and second
electric field inducing windows 125a and 125b. Although
not shown, the common auxiliary electrode 135 may be
formed during the process forming the gate or data line 131
or 133. In this case, the common auxiliary electrode 135 is
formed at a predetermined interval from the gate or data line
131 or 133 for not being overlapped with the gate or data line
131 or 133. Then, the second passivation layer 136 is formed
between the pixel electrode 137 and the data line 133 to
prevent signal interference between the pixel electrode 137
and the data line 133. The second passivation layer 136 may
be formed of an organic insulating layer having a low
dielectric constant such as Benzocyclobutene (BCB) or
photo-acryl.

[0102] Tt will be apparent to those skilled in the art that
various modifications and variations of the gate line 131, the
data line 133, the gate insulating layer 132, the black matrix
layer 121 and the color filter layer 122 can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

[0103] An alignment layer may be formed on an entire
surface of at least one of the lower and upper substrates 130
and 120 for an initial alignment of the liquid crystal layer by
alignment or rubbing. The alignment layer may be made of
polyamide or polyimide group compound material, polyvi-
nylalcohol (PVA), or polyamic acid with rubbing. Or, the
alignment layer may be made of any material having pho-
toreaction group such as polyvinylcinnamate (PVCN), pol-
ysiloxanecinnamate (PSCN) or cellulosecinnamate (CelCN)
with light (photoalignment). In this state, the pretilt angle
and alignment direction are simultaneously determined by
photo irradiation process step at least one time, and ultra-
violet rays of any of unpolarized light, non-polarized light,
linearly polarized light or partially polarized light.

[0104] More particularly, the pretilt angle of the alignment
layer may be about 1° or less, and the lower and upper
substrates are rubbed in the splay method. Also, dopant is
not added to the liquid crystal layer, whereby liquid crystal
molecules are rotated at the same direction as the electric
field. That is, the rotation direction of the liquid crystal is
determined according to a voltage applied to the common
auxiliary electrode 135 since the dopant is not added to the
liquid crystal layer. The dopant would influence the rotation
direction of the liquid crystal.

[0105] Hereinafter, the rotation direction of the liquid
crystal will be described in detail.

[0106] In the first domain of the pixel region, the direction
of the electric field outwardly faces the periphery of the pixel
region (arrow A of FIG. 12). In this state, when the voltage
is applied to the common auxiliary electrode 135, the liquid
crystal molecules that are parallel to the lower and upper
substrates 130 and 120 become perpendicular to the lower
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and upper substrates. At this time, the liquid crystal mol-
ecules are rotated clockwise from a direction of ten o’clock,
so that the liquid crystal molecules are generally arranged in
a direction of twelve o’clock.

[0107] In the second domain of the pixel region, the
direction of the electric field faces the common auxiliary
electrode 135 (arrow B of FIG. 12). In this state, when the
voltage is applied to the common auxiliary electrode 135,
the liquid crystal molecules that are parallel to the lower and
upper substrates become perpendicular to the lower and
upper substrates. At this time, the liquid crystal molecules
are rotated clockwise from a direction of four o’clock, so
that the liquid crystal molecules are generally arranged in a
direction of six o’clock.

[0108] In the third domain of the pixel region, the direc-
tion of the electric field outwardly faces the periphery of the
pixel region (arrow C of FIG. 12). In this state, when the
voltage is applied to the common auxiliary electrode 135,
the liquid crystal molecules that are parallel to the lower and
upper substrate become perpendicular to the lower and
upper substrates. At this time, the liquid crystal molecules
are rotated counterclockwise from a direction of ten o’clock,
whereby the liquid crystal molecules are generally arranged
in a direction of nine o’clock.

[0109] In the fourth domain of the pixel region, the
direction of the electric field faces the periphery of the pixel
region (arrow D of FIG. 12). In this state, when the voltage
is applied to the common auxiliary electrode 135, the liquid
crystal molecules that are parallel to the lower and upper
substrates become perpendicular to the lower and upper
substrates. At this time, the liquid crystal molecules are
rotated counterclockwise from a direction of four o’clock,
whereby the liquid crystal molecules are generally arranged
in a direction of three o’clock.

[0110] As mentioned above, the unit pixel region is
divided into the four domains by the distortion of the electric
field. Thus, phase difference of the light transmittance is
compensated in the unit pixel region, thereby preventing
gray inversion. Also, the viewing angle is symmetrical. The
aforementioned structure has the aperture ratio of 70% or
more as compared to a general TN mode LCD device.

[0111] In the LCD device according to the third embodi-
ment of the present invention, as shown in FIG. 12, the
direction of the liquid crystal molecules outwardly faces the
periphery of the respective regions in the pixel region by the
first and second dielectric protrusions 124a and 124b or the
first and second electric field inducing windows 1254 and
125b in the same direction as the electric field.

Fourth Embodiment

[0112] FIG. 15 to FIG. 20 are enlarged plan views illus-
trating a unit pixel of an LCD device according to various
structures of the fourth embodiment of the present invention.

[0113] In the LCD device according to the fourth embodi-
ment of the present invention, as illustrated in FIG. 15 to
FIG. 20, a unit pixel region is divided into eight domains to
stably arrange liquid crystal molecules, and a common
auxiliary electrode 135 is formed in the periphery of a pixel
region, whereby a direction of an electric field outwardly
faces. As a result, the whole region of the unit pixel is
uniformly influenced by electric field intensity. The LCD
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device according to the fourth embodiment of the present
invention has the same structure as that of the LCD device
according to the third embodiment of the present invention
excepting the shape of a common auxiliary electrode and the
number of electric field inducing windows formed on a
dielectric protrusion or a common auxiliary electrode.

[0114] As illustrated in FIG. 15 to FIG. 20, and FIG. 13,
the LCD device according to the fourth embodiment of the
present invention includes lower and upper substrates 130
and 120 facing each other at a fixed interval, a plurality of
gate and data lines 131 and 133, a thin film transistor (not
shown), a gate insulating layer 132, a first passivation layer
134, a common auxiliary electrode 135, a second passivation
layer 136, a pixel electrode 137, a black matrix layer 121, a
color filter layer 122, a common electrode 123, first to fourth
dielectric protrusions 124q, 124b, 124c and 1244, and a
liquid crystal layer 140.

[0115] On the upper substrate 130, the plurality of gate and
data lines 131 and 133 are formed to cross each other for
defining a plurality of pixel regions, and the thin film
transistor (not shown) is formed at a crossing point of the
gate and data lines 131 and 133. Then, the gate insulating
layer 132 is formed on an entire surface of the lower
substrate 130 including the gate line 131, and the first
passivation layer 134 is formed on the entire surface of the
lower substrate 130 including the data line 133. The com-
mon auxiliary electrode 135 is formed on the first passiva-
tion layer 134 corresponding to the periphery of the pixel
region, and having portions crossing the unit pixel for
dividing the pixel region into multiple regions, for example,
four regions. In the examples illustrated, the portions of the
common electrode crossing the unit pixel are substantially
parallel to the gate line 131. Also, the second passivation
layer 136 is formed on the entire surface of the lower
substrate 130 including the common auxiliary electrode 135.
The pixel electrode 137 is formed on the second passivation
layer 136 corresponding to the pixel region for being con-
nected with the thin film transistor.

[0116] Next, the black matrix layer 121 is formed on the
upper substrate 120 corresponding to regions except the
pixel region of the lower substrate 130, and the color filter
layer 122 is formed on the upper substrate 120 correspond-
ing to the pixel region of the lower substrate 130 for being
partially overlapped with the black matrix layer 121. Then,
the common electrode 123 is formed on an entire surface of
the upper substrate 120 including the color filter layer 122.
Also, the first to fourth dielectric protrusions 124a, 124b,
124c¢ and 124d are formed on the common electrode 123
corresponding to the pixel electrode 137 for dividing the
pixel region into domains, of which two are formed sub-
stantially parallel to the gate line 131 in the pixel region, and
the other two are formed substantially perpendicular to the
gate line 131 formed in the pixel region. After that, the liquid
crystal layer 140 is provided between the lower and upper
substrates 130 and 120.

[0117] In the aforementioned structure of the LCD device,
as illustrated in FIG. 14, first to fourth electric field inducing
windows 1235a, 125b, 125¢ and 125d may be formed in the
common electrode 123 instead of the first to fourth dielectric
protrusions 124a, 124D, 124c and 124d on the common
electrode 123 of the upper substrate 120. The common
auxiliary electrode 135, as illustrated in FIG. 15 to FIG. 20,
is partially overlapped with the gate or data line 131 or 133.



US 2005/0062924 A1

[0118] As illustrated in the drawings showing the plan
view of the pixel region, the unit pixel region is divided into
four regions by portions the common auxiliary electrode
135. Then, the first to fourth dielectric protrusions 1244,
124b, 124c and 124d or the first to fourth electric field
inducing windows 1254, 125b, 125¢ and 1254 are respec-
tively formed in the four regions divided by the common
auxiliary electrode 135, thereby dividing the unit pixel
region into eight domains. At this time, the two of the first
to fourth dielectric protrusions 1244, 124b, 124c¢ and 1244 or
the first to fourth electric field inducing windows 1254,
125b, 125¢ and 1254 are formed substantially perpendicular
to the gate line 131 in the two regions of the pixel region,
and the other two are formed substantially parallel to the
gate line 131 in the other two regions of the pixel region.

[0119] For example, as illustrated in FIG. 15, the first and
third dielectric protrusions or electric field inducing win-
dows 124a and 124¢ or 125a and 125c¢ are formed substan-
tially parallel to the gate line 131 in the first and third regions
of the unit pixel region, and the second and fourth dielectric
protrusions or electric field inducing windows 124b and
124d or 125b and 125d are formed substantially perpen-
dicular to the gate line 131 in the second and fourth regions
of the unit pixel region. In FIG. 16, the first and second
dielectric protrusions or electric field inducing windows
124a and 124b or 125a and 125b are formed substantially
parallel to the gate line 131 in the first and second regions
of the unit pixel region, and the third and fourth dielectric
protrusions or electric field inducing windows 124¢ and
1244 or 125¢ and 1254 are formed substantially perpendicu-
lar to the gate line 131 in the third and fourth regions of the
unit pixel region. In case of FIG. 17, the first and fourth
dielectric protrusions or electric field inducing windows
124a and 124d or 125a and 125d are formed substantially
parallel to the gate line 131 in the first and fourth regions of
the unit pixel region, and the second and third dielectric
protrusions or electric fleld inducing windows 124b and
124c or 125b and 125¢ are formed substantially perpendicu-
lar to the gate line 131 in the second and third regions of the
unit pixel region. In FIG. 18, the first and fourth dielectric
protrusions or electric fleld inducing windows 124z and
1244 or 125a and 125d are formed substantially perpen-
dicular to the gate line 131 in the first and fourth regions of
the unit pixel region, and the second and third dielectric
protrusions or electric fleld inducing windows 124b and
124c¢ or 125b and 125¢ are formed substantially parallel to
the gate line 131 in the second and third regions of the unit
pixel region. As illustrated in FIG. 19, the first and third
dielectric protrusions or electric field inducing windows
124a and 124c¢ or 125a and 125¢ are formed substantially
perpendicular to the gate line 131 in the first and third
regions of the unit pixel region, and the second and fourth
dielectric protrusions or electric field inducing windows
124b and 124d or 125b and 125d are formed substantially
parallel to the gate line 131 in the second and fourth regions
of the unit pixel region. In FIG. 20, the first and second
dielectric protrusions or electric field inducing windows
124q and 124b or 125a and 125b are formed substantially
perpendicular to the gate line 131 in the first and second
regions of the unit pixel region, and the third and fourth
dielectric protrusions or electric field inducing windows
124c¢ and 1244 or 125¢ and 125d are formed substantially
parallel to the gate line 131 in the third and fourth regions
of the unit pixel region.
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[0120] In other words, as illustrated in FIG. 15, the first
and third regions of the unit pixel region respectively may
have the first and third dielectric protrusions or electric field
inducing windows 124a and 124¢ or 125¢ and 125¢ formed
substantially parallel to the gate line 131 in the unit pixel
region, whereby the first and third regions have respective
symmetrical structures in lower and upper directions. Also,
the second and fourth regions of the unit pixel region
respectively may have the second and fourth dielectric
protrusions or electric fleld inducing windows 124b and
124d or 125b and 1254 formed substantially perpendicular
to the gate line 131 in the unit pixel region, whereby the
second and fourth regions have respective symmetrical
structures in left and right directions. As a result, the first to
fourth regions are formed in the unit pixel region.

[0121] In FIG. 16, the first and second regions of the unit
pixel region respectively may have the first and second
dielectric protrusions or electric field inducing windows
124g and 1245 or 125 and 125b formed substantially
parallel to the gate line 131 in the unit pixel region, whereby
the first and second regions have respective symmetrical
structures in lower and upper directions. Also, the third and
fourth regions of the unit pixel region respectively may have
the third and fourth dielectric protrusions or electric field
inducing windows 124¢ and 124d or 125¢ and 1254 formed
substantially perpendicular to the gate line 131 in the unit
pixel region, whereby the third and fourth regions have
respective symmetrical structures in left and right directions.
As a result, the first to fourth regions are formed in the unit
pixel region.

[0122] As illustrated in FIG. 17, the first and fourth
regions of the unit pixel region respectively may have the
first and fourth dielectric protrusions or electric field induc-
ing windows 124a and 124d or 1254 and 125d formed
substantially parallel to the gate line 131 in the unit pixel
region, whereby the first and fourth regions have respective
symmetrical structures in lower and upper directions. Also,
the second and third regions of the unit pixel region respec-
tively may have the second and third dielectric protrusions
or electric field inducing windows 124b and 124¢ or 125b
and 125¢ formed substantially perpendicular to the gate line
131 in the unit pixel region, whereby the second and third
regions have respective symmetrical structures in left and
right directions. As a result, the first to fourth regions are
formed in the unit pixel region.

[0123] As illustrated in FIG. 18, the first and fourth
regions of the unit pixel region respectively may have the
first and fourth dielectric protrusions or electric field induc-
ing windows 124a and 124d or 1254 and 125d formed
substantially perpendicular to the gate line 131 in the unit
pixel region, whereby the first and fourth regions have
respective symmetrical structures in left and right directions.
Also, the second and third regions of the unit pixel region
respectively may have the second and third dielectric pro-
trusions or electric field inducing windows 1245 and 124¢ or
125b and 125¢ formed substantially parallel to the gate line
131 in the unit pixel region, whereby the second and third
regions have respective symmetrical structures in lower and
upper directions. As a result, the first to fourth regions are
formed in the unit pixel region.

[0124] Asillustrated in FIG. 19, the first and third regions
of the unit pixel region respectively may have the first and
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third dielectric protrusions or electric field inducing win-
dows 1244 and 124c¢ or 1254 and 125¢ formed substantially
perpendicular to the gate line 131 in the unit pixel region,
whereby the first and third regions have respective sym-
metrical structures in left and right directions. Also, the
second and fourth regions of the unit pixel region respec-
tively may have the second and fourth dielectric protrusions
or electric field inducing windows 124b and 124d or 125b
and 125d formed substantially parallel to the gate line 131
in the unit pixel region, whereby the second and fourth
regions have respective symmetrical structures in lower and
upper directions. As a result, the first to fourth regions are
formed in the unit pixel region.

[0125] As illustrated in FIG. 20, the first and second
regions of the unit pixel region respectively may have the
first and second dielectric protrusions or electric field induc-
ing windows 124a and 124b or 125¢ and 125b formed
substantially perpendicular to the gate line 131 in the unit
pixel region, whereby the first and second regions have
respective symmetrical structures in left and right directions.
Also, the third and fourth regions of the unit pixel region
respectively may have the third and fourth dielectric pro-
trusions or electric field inducing windows 124¢ and 124d or
125¢ and 125d formed substantially perpendicular to the
gate line 131 in the unit pixel region, whereby the third and
fourth regions have respective symmetrical structures in
lower and upper directions. As a result, the first to fourth
regions are formed in the unit pixel region.

[0126] As mentioned above, the unit pixel region may be
divided into eight domains, multi-domains, by the first to
fourth dielectric protrusions or electric field inducing win-
dows 124a, 124b, 124c and 124d or 1254, 1255, 125¢ and
1254, thereby obtaining a wide viewing angle. Also, it is
possible to vary the viewing angle by controlling a size ratio
of the respective regions.

[0127] The direction of the electric field faces the periph-
ery of the respective regions in the pixel region by the
common auxiliary electrode 135. In case of that the align-
ment or rubbing direction of the lower and upper substrates
130 and 120 are formed in a splay method shown in FIG. 15
to FIG. 20, the direction of the liquid crystal outwardly faces
the periphery of the respective regions in the pixel region by
the first to fourth dielectric protrusions or electric field
inducing windows 124a, 124b, 124c and 124d or 125q,
125b, 125¢ and 1254 as illustrated in arrow directions of
drawings.

[0128] The second passivation layer 136 is formed
between the pixel electrode 137 and the data line 133 to
prevent signal interference between the pixel electrode 137
and the data line 133. The second passivation layer 136 may
be formed of an organic insulating layer having a low
dielectric constant such as Benzocyclobutene (BCB) or
photo-acryl. It will be apparent to those skilled in the art that
various modifications and variations of the gate line 131, the
data line 133, the gate insulating layer 132, the black matrix
layer 121 and the color filter layer 122 can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

[0129] An alignment layer may be formed on an entire
surface of at least one of the lower and upper substrates 130
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and 120 for an initial alignment of the liquid crystal layer by
rubbing or other alignment method. The alignment layer
may be made of polyamide or polyimide group compound
material, polyvinylalcohol (PVA), or polyamic acid with
rubbing. Or, the alignment layer may be made of any
material having photoreaction group such as polyvinylcin-
namate (PVCN), polysiloxanecinnamate (PSCN) or cellu-
losecinnamate (CelCN) with light (photoalignment). In this
state, the pretilt angle and alignment direction are simulta-
neously determined by photo irradiation process step at least
one time. Ultraviolet rays of any of unpolarized light,
non-polarized light, linearly polarized light or partially
polarized light may be used.

[0130] More particularly, the pretilt angle of the alignment
layer may be about 1° or less, and the lower and upper
substrates are rubbed or aligned in the splay method. Also,
dopant is not added to the liquid crystal layer, whereby
liquid crystal molecules are rotated at the same direction as
the electric field. That is, the rotation direction of the liquid
crystal is determined according to a voltage applied to the
common auxiliary electrode 135 because the dopant is not
added to the liquid crystal layer. The dopant would influence
the rotation direction of the liquid crystal.

[0131] As mentioned above, the unit pixel region is
divided into the eight domains by the distortion of the
electric field. Thus, phase difference of the light transmit-
tance is compensated in the unit pixel region, thereby
preventing gray inversion. Also, the viewing angle is sym-
metrical. The aforementioned structure has the aperture ratio
of 70% or more as compared to a general TN mode LCD
device.

[0132] Inthe LCD device according to the fourth embodi-
ment of the present invention, as shown in FIG. 15 to FIG.
20, the direction of the liquid crystal molecules outwardly
faces the periphery of the respective regions in the pixel
region by the first to fourth dielectric protrusions or electric
field inducing windows 124a, 124b, 124¢ and 124d or 1254,
125b, 125¢ and 125d in the same direction as the electric
field.

[0133] The LCD device according to the fourth embodi-
ment of the present invention has the same structure as that
of the LCD device according to the third embodiment of the
present invention except that the unit pixel region is divided
into the eight domains.

Fifth Embodiment

[0134] FIG. 21 is an enlarged plan view illustrating a unit
pixel of an LCD device according to the fifth embodiment of
the present invention. FIG. 22 is a cross-sectional view
illustrating a unit pixel of an LCD device taken along line
VI-VI' of FIG. 21 according to one structure of the fifth
embodiment of the present invention. FIG. 23 is a cross-
sectional view illustrating a unit pixel of an LCD device
taken along line VI-VI' of FIG. 21 according to another
structure of the fifth embodiment of the present invention.

[0135] In the LCD device according to the fifth embodi-
ment of the present invention, first and second electric field
inducing windows are respectively formed in diagonal direc-
tions of respective regions of a unit pixel region. Also, a
lower substrate is oriented at 90°, and an upper substrate is
oriented at 0°, thereby improving a viewing angle in all
directions.
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[0136] As illustrated in FIG. 21 and FIG. 22, the LCD
device according to the fifth embodiment of the present
invention includes lower and upper substrates 30 and 20
facing each other, a plurality of gate and data lines 31 and
33, a thin film transistor (not shown), first and second
common auxiliary electrodes 31a and 31b, a gate insulating
layer 32, a passivation layer 34, a pixel electrode 35, a black
matrix layer 21, a color filter layer 22, a common electrode
24, a diclectric protrusion 23 and a liquid crystal layer 40.

[0137] On the lower substrate 30, the plurality of gate and
data lines 31 and 33 are formed to cross each other for
defining a plurality of pixel regions, and the thin film
transistor (not shown) is formed at a crossing point of the
gate and data lines 31 and 33. Then, the first and second
common auxiliary electrodes 31a and 31b are formed at the
same layer as the gate or data line 31 and 33, which are
respectively formed in the diagonal directions for dividing
two regions of the pixel region into four domains. The gate
insulating layer 32 is formed on an entire surface of the
lower substrate 30 including the gate line 31 and the first and
second common auxiliary electrodes 31a and 315, and the
passivation layer 34 is formed on the entire surface of the
lower substrate 30 including the data line 33. Also, the pixel
electrode 35 is formed on the passivation layer 34 corre-
sponding to the pixel region for being connected to the thin
film transistor, the pixel electrode 35 having first and second
electric field inducing windows 36a and 36b respectively

corresponding to the first and second common auxiliary
electrodes 31a and 31b.

[0138] Next, the black matrix layer 21 is formed on the
upper substrate 20 corresponding to regions except the pixel
region of the lower substrate 30, and the color filter layer 22
is formed on the upper substrate 20 corresponding to the
pixel region of the lower substrate 30 for being partially
overlapped with the black matrix layer 21. Then, the com-
mon electrode 24 is formed on an entire surface of the upper
substrate including the color filter layer 22, and the dielectric
protrusion 23 is formed on the common electrode 24 cor-
responding to the periphery of the pixel electrode and a
boundary dividing the unit pixel region into the two regions.
After that, the liquid crystal layer 40 is formed between the
lower and upper substrates 30 and 20.

[0139] Inthe aforementioned structure of the LCD device,
as illustrated in FIG. 23, an electric field inducing window
25 may be formed in the common electrode 24 instead of the
dielectric protrusion 23 on the common electrode 24 of the
upper substrate 20. Although not shown, an overcoat layer
may be additionally formed on the color filter layer 22. In
case of that the electric field inducing window 25 is formed
on the upper substrate 20 instead of the dielectric protrusion
23, it is not necessary to form the overcoat layer since the
overcoat layer is used for effectively forming the electric
field inducing window 25.

[0140] In the L.CD device according to the fifth embodi-
ment of the present invention, the first and second electric
field inducing windows 364 and 36b may be formed in the
diagonal directions for being parallel to each other, or not.
Also, as illustrated in FIG. 21, the dielectric protrusion 23
or the electric field inducing window 25 is partially over-
lapped with the periphery of the pixel electrode 35.

[0141] As illustrated in FIG. 21 showing the plan view of
the unit pixel electrode, the pixel region is divided into two
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regions, lower and upper regions, by the dielectric protru-
sion 23. Then, the upper region of the pixel region is divided
into first and second domains by the first electric field
inducing window 36a diagonally formed in the upper
region, and the lower region of the pixel region is divided
into third and fourth domains by the second electric field
inducing window 36b diagonally formed in the lower
region. Thus, the unit pixel region is divided into the four
domains, multi-domains, by the first and second electric
field inducing windows 36a and 36b, thereby obtaining a
wide viewing angle. That is, the unit pixel region is divided
into the lower and upper regions according to the dielectric
protrusion 23. Then, the upper region is divided into the two
domains by the first electric field inducing window 36a
diagonally formed in the upper region of the unit pixel
region. At this time, the divided two domains are symmetri-
cal to the first electric field inducing window 36a. Next, the
lower region is divided by the second electric field inducing
window 36b diagonally formed in the lower region of the
unit pixel region, whereby the two domains are formed
symmetrically to the second electric field inducing window
36b. As a result, the four domains are formed in the unit
pixel region.

[0142] The dielectric protrusion 23 is formed on the upper
substrate 20 to reinforce a direction of an electric field
induced by the lower substrate 30. Also, the first and second
common auxiliary electrodes 31a and 31b disposed below
the first and second electric field inducing windows 364 and
36b reinforce a fringe field, whereby the direction of the
electric field inwardly faces by the first and second electric
field inducing windows 36a and 36b.

[0143] As mentioned above, the lower substrate is aligned
or rubbed at 90°, and the upper substrate is aligned or rubbed
at 0°, whereby liquid crystal molecules, as illustrated by the
arrows of FIG. 21, inwardly face the first and second electric
field inducing windows 36a and 36D in the respective
regions of the unit pixel region. Also, the first and second
common auxiliary electrodes 31a and 31b may be formed
during the process forming the gate line 31 or the data line
33, whereby the manufacturing process is simplified.

[0144] FIG. 22 and FIG. 23 illustrate that the first and
second common auxiliary electrodes 31a and 31b are
formed with the gate line 31 at the same time. The pixel
electrode 35 is formed for being overlapped with the data
line 33 at a predetermined portion, thereby improving aper-
ture ratio. In this case, the passivation layer 34 is formed
between the pixel electrode 35 and the data line 33 to
prevent signal interference between the pixel electrode 35
and the data line 33. The passivation layer 34 may be formed
of an organic insulating layer having a low dielectric con-
stant such as Benzocyclobutene (BCB) or photo-acryl. Also,
in case of that the predetermined portion of the data line 33
is overlapped with the pixel electrode 35, the black matrix
layer 21 is formed on the remaining portion of the data line
33, whereby the aperture ratio is improved.

[0145] Tt will be apparent to those skilled in the art that
various modifications and variations of the gate line 31, the
data line 33, the gate insulating layer 32, the black matrix
layer 21 and the color filter layer 22 can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.
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[0146] An alignment layer is formed on an entire surface
of at least one of the lower and upper substrates 30 and 20
for an initial alignment of the liquid crystal layer. At this
time, the alignment layer may be formed of polyamide or
polyimide group compound material, polyvinylalcohol
(PVA), or polyamic acid with rubbing. Or, the alignment
layer may be formed of any material having photoreaction
group such as polyvinyleinnamate (PVCN), polysiloxane-
cinnam ate (PSCN) or cellulosecinnamate (CelCN) with
light (photoalignment). In this state, the pretilt angle and
alignment direction are simultaneously determined by photo
irradiation process step at least one time. Ultraviolet rays of
any of unpolarized light, non-polarized light, linearly polar-
ized light or partially polarized light may be used.

[0147] More particularly, the pretilt angle of the alignment
layer may be about 0°, and the lower and upper substrates
are aligned or rubbed in the splay method. Also, dopant is
not added to the liquid crystal layer, whereby the liquid
crystal is rotated at the same direction as the electric field.
That is, the rotation direction of the liquid crystal is deter-
mined according to a voltage applied to the first and second
common auxiliary electrodes 31a and 31b because the
dopant is not added to the liquid crystal layer. The dopant
would influence the rotation direction of the liquid crystal.

[0148] Hereinafter, the rotation direction of the liquid
crystal will be described in detail.

[0149] In the first domain of the pixel region, the direction
of the electric field inwardly faces the first common auxil-
iary electrode 31a (arrow A of FIG. 21). In this state, when
a voltage is applied to the first common auxiliary electrode
31a, the liquid crystal molecules that are parallel to the
lower and upper substrates become perpendicular to the
lower and upper substrates. At this time, the liquid crystal
molecules are rotated counterclockwise from a direction of
six o’clock, so that the liquid crystal molecules are generally
arranged in a direction of four-thirty.

[0150] In the second domain of the pixel region, the
direction of the electric field inwardly faces the first com-
mon auxiliary electrode 31a (arrow B of FIG. 21). In this
state, when the voltage is applied to the first common
auxiliary electrode 314, the liquid crystal molecules that are
parallel to the lower and upper substrates become perpen-
dicular to the lower and upper substrates. At this time, the
liquid crystal molecules are rotated counterclockwise from a
direction of twelve o’clock, so that the liquid crystal mol-
ecules are generally arranged in a direction of ten-thirty.

[0151] In the third domain of the pixel region, the direc-
tion of the electric field inwardly faces the second common
auxiliary electrode 31b (arrow C of FIG. 21). In this state,
when the voltage 1s applied to the second common auxiliary
electrode 315, the liquid crystal molecules that are substan-
tially parallel to the lower and upper substrate become
substantially perpendicular to the lower and upper sub-
strates. At this time, the liquid crystal molecules are rotated
clockwise from a direction of twelve o’clock, whereby the
liquid crystal molecules are generally arranged in a direction
of one-thirty.

[0152] In the fourth domain of the pixel region, the
direction of the electric field inwardly faces the second
common auxiliary electrode 31b (arrow D of FIG. 21). In
this state, when the voltage is applied to the second common
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auxiliary electrode 315, the liquid crystal molecules that are
substantially parallel to the lower and upper substrates
become substantially perpendicular to the lower and upper
substrates. At this time, the liquid crystal molecules are
rotated clockwise from a direction of six o’clock, whereby
the liquid crystal molecules are generally arranged in a
direction of seven-thirty.

[0153] As mentioned above, the unit pixel region is
divided into the four domains by the distortion of the electric
field. Thus, phase difference of the light transmittance is
compensated in the unit pixel region, thereby preventing
gray inversion. Also, the viewing angle is symmetrical. The
aforementioned structure has the aperture ratio of 70% or
more as compared to a general TN mode LCD device.

[0154] In the LCD device according to the fifth embodi-
ment of the present invention, as illustrated in FIG. 21, the
direction of the liquid crystal molecules inwardly faces the
first and second electric field inducing windows 36a and 36b
in the same direction as the electric field.

Sixth Embodiment

[0155] FIG. 24 is an enlarged plan view illustrating a unit
pixel of an LCD device according to the sixth embodiment
of the present invention. FIG. 25 is a cross-sectional view
illustrating a unit pixel of an LCD device taken along line
VII-VII' of FIG. 24 according to one structure of the sixth
embodiment of the present invention. FIG. 26 is a cross-
sectional view illustrating a unit pixel of an LCD device
taken along line VII-VII' of FIG. 24 according to another
structure of the sixth embodiment of the present invention.

[0156] In the LCD device according to the sixth embodi-
ment of the present invention, as illustrated in FIG. 24 to
FIG. 26, first and second dielectric protrusions are formed
on an upper substrate corresponding to pixel electrodes in
diagonal directions for not being parallel to each other, lower
and upper substrates are respectively oriented at about 90°
and about 0° to improve a viewing angle in all directions.
Except for that difference, the LCD device according to the
sixth embodiment of the present invention has the same
structure as that of the LCD device according to the third
embodiment of the present invention. That is, a common
auxiliary electrode 135 is formed in the periphery of a pixel
electrode 137, whereby an electric field outwardly faces.
Thus, the rotation direction of the liquid crystal is generally
correspondent to the direction of the electric field.

[0157] More particularly, a pretilt angle of an alignment
layer is about 0°. Also, dopant is not added to the liquid
crystal layer, whereby the liquid crystal is rotated at the same
direction as the electric field. That is, the rotation direction
of the liquid crystal is determined according to a voltage
applied to the common auxiliary electrodes 135 because the
dopant is not added to the liquid crystal layer. The dopant
would influence the rotation direction of the liquid crystal.

[0158] Hereinafter, the rotation direction of the liquid
crystal will be described in detail.

[0159] In the first domain of the pixel region, the direction
of the electric field is in a direction of ten-thirty. In this state,
when a voltage is applied to the common auxiliary electrode
135, the liquid crystal molecules that are substantially par-
allel to the lower and upper substrates become substantially
perpendicular to the lower and upper substrates. At this time,
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the liquid crystal molecules are rotated counterclockwise
from a direction of twelve o’clock, so that the liquid crystal
molecules are generally arranged in a direction of ten-thirty.

[0160] In the second domain of the pixel region, the
direction of the electric field is in a direction of four-thirty.
In this state, when the voltage is applied to the common
auxiliary electrode 135, the liquid crystal molecules that are
substantially parallel to the lower and upper substrates
become substantially perpendicular to the lower and upper
substrates. At this time, the liquid crystal molecules are
rotated counterclockwise from a direction of six o’clock, so
that the liquid crystal molecules are generally arranged in a
direction of four-thirty.

[0161] In the third domain of the pixel region, the direc-
tion of the electric field is in a direction of seven-thirty. In
this state, when the voltage is applied to the common
auxiliary electrode 135, the liquid crystal molecules that are
substantially parallel to the lower and upper substrate
become substantially perpendicular to the lower and upper
substrates. At this time, the liquid crystal molecules are
rotated clockwise from a direction of six o’clock, whereby
the liquid crystal molecules are generally arranged in a
direction of seven-thirty.

[0162] In the fourth domain of the pixel region, the
direction of the electric field is in a direction of one-thirty.
In this state, when the voltage is applied to the common
auxiliary electrode 135, the liquid crystal molecules that are
substantially parallel to the lower and upper substrates
become substantially perpendicular to the lower and upper
substrates. At this time, the liquid crystal molecules are
rotated clockwise from a direction of twelve o’clock,
whereby the liquid crystal molecules are generally arranged
in a direction of one-thirty.

[0163] As mentioned above, the unit pixel region is
divided into the four domains by the distortion of the electric
field. Thus, phase difference of the light transmittance is
compensated in the unit pixel region, thereby preventing
gray inversion. Also, the viewing angle is symmetrical. The
aforementioned structure has the aperture ratio of 70% or
more as compared to a general TN mode LCD device.

[0164] In the LCD device according to the sixth embodi-
ment of the present invention, as illustrated in FIG. 24, the
direction of the liquid crystal molecules outwardly faces the
periphery of the respective regions in the pixel region by the
first and second dielectric protrusions 124 and 124b in the
same direction as the electric field.

[0165] Simulation results of viewing angle and gray inver-
sion when a general film and a negative compensation film
are respectively used for a four-domain TN mode LCD
device as the LCD devices according to the embodiments of
the present invention, will be explained as follows.

[0166] FIG. 27A, FIG. 27B, FIG. 28A to FIG. 28D
illustrate viewing angle and gray inversion characteristics
when using a general film in an LCD device according to the
present invention. FIG. 29A, FIG. 29B, FIG. 30A to FIG.
30D illustrate viewing angle and gray inversion character-
istics when using a negative compensation film in an LCD
device according to the present invention.

[0167] In case of the general film is used for the LCD
device according to the present invention as illustrated in
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FIGS. 27A, 27B, 28A to FIG. 28D, the gray inversion is
generated about 45° in lower and upper directions, and the
gray inversion is not generated in remaining portions. In a
portion where a contrast ratio C/R is 10 or more, the viewing
angle is about 80° since the viewing angle is about 40° in
respective lower and upper directions, and in respective left
and right directions. When the rubbing direction is changed
at 90° in the portion where the contrast ratio C/R is 10 or
more, the viewing angle is about 160° since the viewing
angle is about 80° in respective lower and upper, and in
respective left and right directions.

[0168] Meanwhile, in case of that a compensation film
having a negative refractive anisotropy, as illustrated in
FIG. 29A, FIG. 29B, FIG. 30A to FIG. 30D, the gray
inversion is not generated in the whole region. Also, in the
portion where the contrast ratio C/R is 10 or more, the
viewing angle is about 120° or more since the viewing angle
is about 60° or more in respective lower and upper direc-
tions, and in respective left and right directions. The afore-
mentioned compensation film may be a uniaxial or biaxial
film. When the rubbing direction is changed at 90°, the
viewing angle is rotated at 90°. That is, in the portion where
the contrast ratio is 10 or more, the viewing angle is about
180° since the viewing angle is about 90° in respective lower
and upper directions, and in respective left and right direc-
tions.

[0169] As mentioned above, the LCD device according to
the present invention has the following advantages.

[0170] First, the unit pixel region is divided into the
multi-domains, whereby the wide viewing angle is obtained.
Also, the multi-domains are obtained according to the dis-
tortion of the electric field, thereby compensating the phase
difference by the light transmittance. As a result, it is
possible to prevent the gray inversion from being generated.
When forming the multi-domains by the distortion of the
electric field, the liquid crystal molecules inwardly or out-
wardly faces in the symmetrical structure, whereby the
symmetrical viewing angle is obtained.

[0171] Furthermore, the unit pixel region is divided into
the four or eight domains, so that the electric field intensity
has a uniform influence on the whole region of the pixel
region, thereby stably arranging the liquid crystal molecules.

[0172] When the first and second electric field inducing
windows are diagonally formed in the pixel region, the
lower substrate is aligned or rubbed at 90°, and the upper
substrate is aligned or rubbed at 0°, the viewing angle is
improved in all directions.

[0173] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

1. A liquid crystal display (LCD) device, comprising:

first and second substrates;

gate and data lines crossing each other on the first
substrate to define a pixel region;

a common electrode on the second substrate;

a pixel electrode in the pixel region;
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a dielectric protrusion on the common electrode corre-
sponding to the periphery of the pixel electrode and
having a portion crossing the pixel region; the dielectric
protrusion crossing the pixel region dividing the pixel
region into at least two regions;

electric field inducing windows in the pixel electrode in
respective ones of the regions of the pixel region;

a common auxiliary electrode corresponding to the elec-
tric field inducing windows of the pixel electrode; and

a liquid crystal layer between the first and second sub-

strates.

2. The device of claim 1, wherein the liquid crystal layer
is undoped.

3. The device of claim 1, wherein the dielectric protrusion
has a plurality of portions crossing the pixel region such that
the pixel region has at least four regions, and wherein the
electric field inducing windows are located in respective
ones of the at least four regions, wherein two of the electric
field inducing windows are substantially parallel to the gate
line and two of the electric field inducing windows are
substantially perpendicular to the gate line.

4. The device of claim 1, wherein one of the electric field
inducing windows is substantially parallel to the gate line
and another of the electric field inducing windows is sub-
stantially perpendicular to the gate line.

5. The device of claim 4, wherein the pixel region has a
splay alignment.

6. The device of claim 1, wherein the electric field
inducing windows are diagonally formed in the regions of
the pixel region not to be parallel with each other.

15
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7. The device of claim 6, wherein the lower and upper
substrates are oriented at about 0° and about 90° in the pixel
region.

8. The device of claim 1, wherein an elastic coefficient of
the liquid crystal layer is greater at about 10% as compared
with that of a liquid crystal having a positive dielectric
anisotropy.

9. The device of claim 1, further comprising first and
second alignment layers on the first and second substrates,
the first and second alignment layers having a pretilt angle
of about 1° or less.

10. The device of claim 1, wherein the common auxiliary
electrode is at the same layer as the gate.

11. The device of claim 1, wherein the common auxiliary
electrode is in the same layer as the data line.

12. The device of claim 1, wherein the dielectric protru-
sion overlaps a portion of the pixel electrode.

13. The device of claim 1, further comprising a passiva-
tion layer below the pixel electrode.

14. The device of claim 13, wherein the passivation layer
is formed of one of Benzocyclobutene (BCB) or photoacryl.

15. The device of claim 1, wherein an additional electric
field inducing window is formed in the common electrode.

16. The device of claim 1, further comprising additional
dielectric protrusions on the second substrate corresponding
to the electric field inducing windows.

17-26. (Cancelled).
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