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FIG.3A
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Korean
Application No. P2002-40777 filed on Jul. 12, 2002, which
is hereby incorporated by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to a liquid
crystal display (LCD) device for obtaining high aperture
ratio and wide viewing angle.

[0004] 2. Discussion of the Related Art

[0005] In general, a liquid crystal display (LCD) device
includes lower and upper substrates facing each other with
a predetermined interval therebetween, 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 displaying an image.

[0006] Among the LCD devices, a Twisted Nematic (TN)
mode liquid crystal display (LCD) device has been most
generally used. In TN mode, longitudinal directions of liquid
crystal molecules between the lower and upper substrates
are parallel with the lower and upper substrates, and the
liquid crystal molecules are spirally twisted with a prede-
termined pitch, so that the longitudinal directions of the
liquid crystal molecules are aligned to change continuously.

[0007] The TN mode LCD device has characteristics of
varying the transmittance of light at each gray level in
accordance with a corresponding viewing angle. Specifi-
cally, the transmittance of light is distributed symmetrically
in right and left directions of the TN mode LCD device, but
asymmetrically in lower and upper directions, whereby gray
inversion is generated. In order to overcome such a problem,
a method is proposed to compensate for the variation of light
transmittance in accordance with a corresponding viewing
angle by providing domains with differentiating an align-
ment directions of a liquid crystal layer in a pixel region.

[0008] An example of a multi-domain technology dividing
a pixel region into a plurality of domains is Two Domain
Twisted Nematic (TDTN) mode, in which one pixel region
is divided into two domains by a boundary at the center
portion of the pixel region, and liquid crystal molecules are
symmetrically aligned in the two domains in accordance
with the boundary. The TDTN mode has a problem in that
manufacturing process steps are complicated due to repeti-
tive photolithography process steps. In this respect, a
method for forming an auxiliary electrode and an electric
field inducing window is applied to the TDTN mode, which
has been usually applied to a vertical alignment (VA) mode
LCD device. Herein, the method for forming the auxiliary
electrode and the electric field inducing window is applied
to a TN mode LCD device.

[0009] A related art LCD device will be explained with
reference to the accompanying drawings. FIG. 1A is a plan
view illustrating a related art LCD device, and FIG. 1B is a
cross-sectional view illustrating a related art LCD device
taken along line I-I' of FIG. 1A when voltage is applied.

[0010] Referring to FIG. 1A and FIG. 1B, the related art
LCD device includes lower and upper substrates 10 and 20
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facing each other, and liquid crystal molecules 31 between
the lower and upper substrates 10 and 20. A plurality of gate
and data lines 11 and 12 are formed on the lower substrate
10 and each other to define a plurality of pixel regions. A
pixel electrode 15 is formed in each pixel region. An
auxiliary electrode 13 is formed on the same layer as the data
line 12, and the auxiliary electrode 13 is formed at the
periphery of the pixel electrode 15. Then, a gate insulating
layer (not shown) is formed between the gate and data lines
11 and 12, and a passivation layer 14 is formed between the
data line 12 and the pixel electrode 15. Although not shown,
a thin film transistor including a gate electrode, a semicon-
ductor layer, and source/drain electrodes is formed at each
crossing point of the gate and data lines 11 and 12.

[0011] An upper substrate 20 includes a black matrix layer
21 that prevents light from leaking in regions other than the
pixel region, a color filter layer 22 for displaying red (R),
green (G), and blue (B) colors, an overcoat layer 23 for
planarizing the upper substrate 20, and a common electrode
24 on the overcoat layer 23. At this time, an electric field
inducing window 25 is formed in the common electrode 24
for differentiating the alignment direction of the liquid
crystal molecules.

[0012] A fringe field is formed by the electric field induc-
ing window 25 inside the common electrode 24. The liquid
crystal molecules at both sides of the common electrode 24
are differently aligned in accordance with the fringe field. At
this time, the auxiliary electrode 13 reinforces the fringe
field in the periphery of the pixel electrode 15. Also, a liquid
crystal layer of the liquid crystal molecules 31 is formed
between the lower and upper substrates 10 and 20.

[0013] At this time, first and second alignment layers 16
and 26 are respectively formed on entire surfaces of the
lower and upper substrates 10 and 20 for an initial alignment
of the liquid crystal molecules 31. The first alignment layer
16 of the lower substrate 10 is deflected from the second
alignment layer 26 of the upper substrate 20, whereby the
liquid crystal molecules 31 adjacent to the first and second
alignment layer 16 and 26 are aligned in accordance with the
alignment direction of the respective first and second align-
ment layers.

[0014] An operation of the related art LCD device having
the aforementioned structure will be explained as follows.

[0015] When a voltage is not applied, the longitudinal
directions of the liquid crystal molecules are parallel with
the lower and upper substrates 10 and 20, and the liquid
crystal molecules are continuously twisted at 90 degrees.
Thus, light moves along the longitudinal directions of the
twisted liquid crystal molecules, whereby a screen becomes
white. When a voltage is applied, as shown in FIG. 1B, the
longitudinal directions of the liquid crystal molecules would
be perpendicular to the lower and upper substrates 10 and
20, whereby a screen becomes black, except for the fringe
field.

[0016] At this time, the fringe field is generated by the
electric field inducing window 25 formed inside the com-
mon electrode 24, so that the liquid crystal molecules 31 are
differently aligned according to the electric field inducing
window 25, thereby compensating the viewing angle.

[0017] The auxiliary electrode 13 may be formed on the
same layer as the data line 12 when forming the data line 12,
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or may be formed on the same layer as the gate line 11 when
forming the gate line 11, whereby integration is improved.
However, in this case, the auxiliary electrode 13 is formed
to have a predetermined interval with the gate line 11 or the
data line 12 to prevent electrical shorts, thereby decreasing
a portion for forming the pixel electrode 15. Also, the
auxiliary electrode 13 is made of a material that does not
transmit light. As the auxiliary electrode 13 is overlapped
with the pixel electrode 15, the aperture ratio becomes low,
whereby brightness is reduced.

[0018] In the viewing angle aspect, the liquid crystal
molecules 31 are slanted in region ‘A,” where an electric
field is generated between the auxiliary electrode 13 and the
pixel electrode 15, so that a phase difference of light
increases in ‘A’ region, thereby increasing light leakage, and
decreasing a contrast ratio.

[0019] In case of the general TN mode LCD device in
which the domain is not divided, the liquid crystal molecules
31 are at an 80 degree angle to the lower and upper
substrates 10 and 20. Meanwhile, in case of that the TDTN
mode LCD device in which the two domains are formed, the
liquid crystal molecules 31 are slanted in the periphery of the
pixel region due to the auxiliary electrode 13 inducing the
electric field distortion. Accordingly, the phase difference of
light passing through region ‘A’ increases, and the light
leakage is generated in region ‘ A’, whereby the contrast ratio
decreases.

[0020] For preventing the light leakage, a black matrix
layer may be additionally formed in region ‘A’. However, as
the black matrix layer is formed, the aperture ratio
decreases, thereby decreasing the brightness.

SUMMARY OF THE INVENTION

[0021] 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.

[0022] An advantage of the present invention is to provide
to an LCD device for obtaining a high aperture ratio and a
wide viewing angle.

[0023] 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. These and other
advantages of the invention may be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof, as well as the appended drawings.

[0024] To achieve these and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, an LCD device includes first
and second substrates; a plurality of gate and data lines on
the first substrate to define a plurality of pixel regions; a
pixel electrode in each pixel region; a common electrode on
the second substrate, the common electrode having an
electric field inducing window dividing each pixel region
into at least two domains; an auxiliary electrode on the first
substrate, the auxiliary electrode corresponding to the
periphery of the pixel electrode in one of at least two
domains; and a liquid crystal layer between the first and
second substrates.
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[0025] 1In another aspect, an LCD device includes first and
second substrates; a plurality of gate and data lines on the
first substrate to define a plurality of pixel regions; a pixel
electrode in the pixel region, the pixel electrode having an
electric field inducing window dividing each pixel into at
least two domains; an auxiliary electrode below the electric
field inducing window; a common electrode on the second
substrate; a dielectric structure on the common electrode, the
dielectric structure corresponding to the periphery of the
pixel electrode in one of at least two domains; and a liquid
crystal layer between the first and second substrates.

[0026] In another aspect, an LCD device includes first and
second substrates; a plurality of gate and data lines on the
first substrate to define a plurality of pixel regions; a pixel
electrode in each pixel region; a common electrode on the
second substrate, the common e¢lectrode having an electric
fleld inducing window dividing each pixel region into at
least two domains; an auxiliary electrode on the first sub-
strate, the auxiliary electrode corresponding to the electric
field inducing window; a dielectric structure on the first
substrate, the dielectric structure corresponding to the
periphery of the pixel electrode in one of at least two
domains; and a liquid crystal layer between the first and
second substrates.

[0027] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0029]

[0030] FIG. 1A is a plan view illustrating a related art
liquid crystal display (LCD) device;

[0031] FIG. 1B is a cross-sectional view illustrating a
related art LCD device taken along line I-T' of FIG. 1A when
a voltage is applied;

[0032] FIG. 2A is a plan view illustrating a pixel of an
LCD device according to the first embodiment of the present
invention;

[0033] FIG. 2B is a cross-sectional view illustrating an
LCD device taken along line II-II' of FIG. 2A when a
voltage is applied,;

[0034] FIG. 3A is a plan view illustrating a pixel of an
LCD device according to the second embodiment of the
present invention;

[0035] FIG. 3B is a cross-sectional view illustrating an
LCD device taken along line ITI-IIT* of FIG. 3A when a
voltage is applied; and

[0036] FIG. 4 is a cross-sectional view illustrating an
LCD device taken along line III-III' of FIG. 3A according
to the third embodiment of the present invention.

In the drawings:
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DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0037] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

[0038] FIG. 2A is a plan view illustrating a pixel of an
LCD device according to the first embodiment of the present
invention. FIG. 2B is a cross-sectional view illustrating an
LCD device taken along line II-II' of FIG. 2A when a
voltage is applied.

[0039] Referring to FIG. 2A, the LCD device according to
the first embodiment of the present invention includes a
plurality of gate lines 110 and data lines 120 crossing to each
other for defining a plurality of pixel regions on a lower
substrate 100, and a pixel electrode 150 in each pixel region.
Also, an auxiliary electrode 130 is formed on the same layer
as the data line 120, which is partially overlapped with the
pixel electrode in the periphery of one region (domain) of
the pixel region equally divided into two. That is, the
auxiliary electrode is formed along the periphery of roughly
half of the pixel electrode 150.

[0040] The structure of the pixel region and the lower and
upper substrates will be explained in detail.

[0041] As shown in FIG. 2B, the lower substrate 100
includes a plurality of gate lines (not shown), a plurality of
data lines 120, a thin film transistor (not shown), an auxiliary
electrode 130, a passivation layer 140, a pixel electrode 150,
and a first alignment layer 170. At this time, the plurality of
gate lines (not shown) and data lines 120 cross each other,
and a thin film transistor (not shown) is formed at each
crossing point of the gate and data lines. The auxiliary
electrode 130 is formed at a region where an alignment
direction of the liquid crystal molecules is not corresponding
to an alignment direction of the lower substrate 100 when
applying a voltage to the same layer as the data line 120.
Then, the passivation layer 140 is formed on an entire
surface of the lower substrate 100 including the data line 120
and the auxiliary electrode 130. After that, the pixel elec-
trode 150 is formed in the pixel region, and the first
alignment layer 170 is formed on the entire surface of the
passivation layer 140 including the pixel electrode 150 for
defining the alignment direction of the lower substrate 100.

[0042] In this state, the auxiliary electrode 130 may be
formed on the same layer as the gate line (not shown), or
may be formed not to be overlapped with the pixel electrode
150. Also, a gate insulating layer (not shown) is formed
between the gate line (not shown) and the data line 120. The
gate insulating layer and the passivation layer 140 may be
made of SiNx, SiOx, BenzoCycloButene (BCB), acrylic
resin or polyamide compound.

[0043] Although not shown, the thin film transistor includ-
ing a gate electrode, a semiconductor layer and source/drain
electrodes is formed at the crossing point of the gate line (not
shown) and the data line 120.

[0044] The upper substrate 200 includes a black matrix
layer 210, a color filter layer 220, an overcoat layer 230, a
common electrode 240, and a second alignment layer 280.
The black matrix layer 210 prevents light from leaking in
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regions other than the pixel region, and the color filter layer
220 is formed on the black matrix layer 210 for displaying
R, G and B colors. The overcoat layer 230 is formed for
protecting the color filter layer 220 and planarizing the upper
substrate 200. The common electrode 240 has an electric
field inducing window 250 therein for dividing one pixel
into at least two domains. Also, the second alignment layer
280 is formed on the entire surface of the common electrode
240 for defining an alignment direction of the upper sub-
strate. In this state, the overcoat layer 230 may not be formed
on the upper substrate 200.

[0045] The first and second alignment layers 170 and 280
may be formed of polyamide or polyimide compound mate-
rial, polyvinylalcohol (PVA), or polyamic acid with rubbing.
Also, the first and second alignment layers 170 and 280 may
be formed of any material having photoreaction group such
as polyvinylcinnamate (PVCN), polysiloxanecinnamate
(PSCN) or cellulosecinnamate (CelCN) by photo-alignment
method. In this state, the pretilt angle and alignment direc-
tion are simultaneously determined by photo alignment
process at least one time. It may be used ultraviolet rays of
any one of unpolarized light, non-polarized light, linearly
polarized light or partially polarized light.

[0046] A liquid crystal layer of the liquid crystal mol-
ecules is formed between the lower and upper substrates 100
and 200. The liquid crystal molecules are Twisted Nematic
(TN) types of positive dielectric anisotropy. Also, a chiral
dopant may be added to the liquid crystal layer.

[0047] An operation of the LCD device having the afore-
mentioned structure according to the present invention will
be explained as follows.

[0048] When the voltage is not applied, longitudinal direc-
tions of the liquid crystal molecules are parallel with the
lower and upper substrates 100 and 200, and the liquid
crystal molecules are continuously twisted at a 90 degree
angle. Thus, light moves along the longitudinal direction of
the twisted liquid crystal molecules, whereby a screen
becomes white. When the voltage is applied, as shown in
FIG. 2B, the longitudinal directions of the liquid crystal
molecules 310 are roughly in perpendicular to the lower and
upper substrates 100 and 200, whereby a screen becomes
black.

[0049] The electric field inducing window 250 divides one
pixel into first and second domains so that the liquid crystal
molecules are symmetrically aligned according to a bound-
ary of the electric field inducing window 250. At this time,
the auxiliary electrode 130 is formed in the first domain of
which the alignment direction is different from the align-
ment direction of the first alignment layer 170. The align-
ment direction of first alignment layer 170, defining the
initial alignment of the adjacent liquid crystal molecules
310, is deflected to the right side, so that the alignment
direction of the first alignment layer 170 is different from the
alignment direction of the liquid crystal molecules in other
regions in the first domain when applying the voltage. Thus,
the auxiliary electrode 130 is formed at a portion corre-
sponding to the periphery of the pixel electrode of the first
domain, so that the in-plane electric field is induced, thereby
deflecting the alignment direction of the liquid crystal mol-
ecules 310 to the left side in the first domain.

[0050] Meanwhile, the alignment direction of the liquid
crystal molecules is same as the alignment direction of the
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first alignment layer 170 in the second domain, whereby the
alignment direction of the liquid crystal molecules is defined
according to the first alignment layer 170 in the second
domain. Thus, the auxiliary electrode 130 is not additionally
required in the second domain.

[0051] At this time, the auxiliary electrode is made of a
material that does not transmit light, so that the aperture ratio
decreases in case of that the pixel electrode is overlapped
with the auxiliary electrode. In the pixel region having the
two domains according to the present invention, the auxil-
iary clectrode is not required in one domain (second
domain). That is, it is possible to prevent the aperture ratio
from decreasing in one domain since the auxiliary electrode
is not formed in one domain (second domain). Also, the
auxiliary electrode is not formed in one domain, thereby
increasing the portion for forming the pixel electrode. Fur-
thermore, since the auxiliary electrode is formed in one
domain (first domain), a region A where the liquid crystal
molecules are severely slanted is removed in one domain
when the voltage is applied, thereby decreasing light leakage
by about half.

[0052] Although not shown, in the LCD device according
to the first embodiment of the present invention, it is
possible to form the electric field inducing window 250 in
the pixel electrode 150, and the auxiliary electrode 130 in
the second domain where the alignment direction of the
liquid crystal molecules is different from the alignment
direction of the first alignment layer.

[0053] FIG. 3A is a plan view illustrating a pixel of an
LCD device according to the second embodiment of the
present invention, and FIG. 3B is a cross-sectional view
illustrating an LCD device taken along line III-III' of FIG.
3A when a voltage is applied.

[0054] In the LCD device according to the first embodi-
ment of the present invention, the electric field is distorted
to the outside direction of the pixel when dividing the
domains of the pixel. Referring to FIG. 3A and FIG. 3B, the
LCD device according to the second embodiment of the
present invention is different from the LCD device accord-
ing to the first embodiment of the present invention in that
the electric field is distorted to the center direction of the
pixel. For this, an electric field inducing window 160 is
formed in a pixel electrode 150a, and an auxiliary electrode
130 is formed below the pixel electrode 150a to correspond
to the electric field inducing window 160. A dielectric
structure 260 is formed on a common electrode 240 corre-
sponding to the periphery of one domain where the align-
ment direction of the liquid crystal molecules is different
from the alignment direction of the first alignment layer.
Except the aforementioned constituent elements, others are
same as those of the first embodiment of the present inven-
tion, whereby the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0055] Inthe LCD device according to the second embodi-
ment of the present invention, a lower substrate 100 includes
a plurality of gate lines 110 and data lines 120 crossing each
other to define a plurality of pixel regions, and a pixel
electrode 150a in each pixel region. An electric field induc-
ing window 160 is formed at the center of the pixel electrode
1502 for dividing alignment direction of liquid crystal
molecules when applying a voltage, and an auxiliary elec-
trode 130 is formed below the electric field inducing win-
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dow 160. Then, a dielectric structure 260 is formed on a
common electrode (not shown) corresponding to the periph-
ery of one domain (or to the periphery of the pixel electrode
1504 in one domain) where the alignment direction of the
liquid crystal molecules is different from the alignment
direction of the lower substrate when the voltage is applied.

[0056] Referring to FIG. 3B, the lower substrate includes
the plurality of gate lines (not shown) and data lines 120
cross each other to define the plurality of pixel regions, a thin
film transistor (not shown) at each crossing point of the
plurality of gate and data lines, the auxiliary electrode at the
center portion of each pixel region on the same layer as the
data line 120, a passivation layer 140 on an entire surface of
the lower substrate 100 including the data line 120 and the
auxiliary electrode 130, the pixel electrode 1504 having the
electric field inducing window 160 at a portion correspond-
ing to the auxiliary electrode 130 in the pixel region, and a
first alignment layer 170 on the entire surface of the passi-
vation layer 140 including the pixel electrode 150a for
defining the alignment direction of the lower substrate 100.

[0057] At this time, the auxiliary electrode 130 may be
formed on the same layer as the gate line (not shown), or
may be formed not to be overlapped with the pixel electrode
150a. Also, a gate insulating layer (not shown) is formed
between the gate line (not shown) and the data line 120. The
gate insulating layer and the passivation layer 140 may be
made of SiNx, SiOx, BenzoCycloButene (BCB), acrylic
resin, or polyamide compound.

[0058] Although not shown, the thin film transistor includ-
ing a gate electrode, a semiconductor layer, and source/drain
electrodes is formed at each crossing point of the gate lines
(not shown) and the data lines 120.

[0059] An upper substrate 200 includes a black matrix
layer 210 preventing light from leaking in regions except the
pixel region, a color filter layer 220 on the black matrix layer
210 for displaying R, G and B colors, an overcoat layer 230
protecting the color filter layer 220 and planarizing the upper
substrate 200, the common electrode 240 on an entire
surface of the overcoat layer 230, the dielectric structure 260
on the common electrode (not shown) corresponding to the
periphery of the domain where the alignment direction of the
liquid crystal molecules is different from the alignment
direction of the lower substrate, and a second alignment
layer 280 on the common electrode 240 including the
dielectric structure for defining the alignment direction of
the upper substrate 200. At this time, the overcoat layer 230
may not be formed on the upper substrate 200.

[0060] Preferably, the dielectric structure 260 has a dielec-
tric constant same as that of the liquid crystal, or less. Also,
the dielectric structure 260 may be formed of photosensitive
material. For example, the dielectric structure 260 may be
formed of photoacrylate or BenzoCycloButene (BCB).

[0061] The first and second alignment layers 170 and 280
may be formed of polyamide or polyimide compound mate-
rial, polyvinylalcohol (PVA) or polyamic acid with rubbing,.
Also, the first and second alignment layers 170 and 280 may
be made of a material having photoreaction group such as
polyvinylcinnamate ~ (PVCN),  polysiloxanecinnamate
(PSCN) or cellulosecinnamate (CelCN) compound by
photo-alignment method. In this state, the pretilt angle and
alignment direction are simultaneously determined by photo
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alignment process step at least one time. It may be used
ultraviolet rays of any one of unpolarized light, non-polar-
ized light, linearly polarized light or partially polarized light.

[0062] A liquid crystal layer of the liquid crystal mol-
ecules 310 is formed between the lower and upper substrates
100 and 200. The liquid crystal molecules 310 are Twisted
Nematic (TN) types of positive dielectric anisotropy. Also,
a chiral dopant may be added to the liquid crystal layer.

[0063] An operation of the LCD device having the afore-
mentioned structure according to the present invention will
be explained as follows.

[0064] When the voltage is not applied, longitudinal direc-
tions of the liquid crystal molecules 310 are parallel with the
lower and upper substrates 100 and 200, and the liquid
crystal molecules are continuously twisted at a 90 degree
angle. Thus, light moves along the longitudinal direction of
the twisted liquid crystal molecules, whereby a screen
becomes white. When the voltage is applied, as shown in
FIG. 3B, the longitudinal directions of the liquid crystal
molecules 310 are roughly perpendicular to the lower and
upper substrates 100 and 200, whereby a screen becomes
black.

[0065] The electric field inducing window 160 of the
lower substrate 100 divides one pixel into first and second
domains so that the liquid crystal molecules are symmetri-
cally aligned in the first and second domains according to the
electric field inducing window 160. In this state, the dielec-
tric structure 260 is formed on the common electrode 240 of
the upper substrate 200 corresponding to the periphery of the
pixel electrode 150 of the lower substrate 100 in the second
domain where the alignment direction of the liquid crystal
molecules is different from the alignment direction of the
first alignment layer 170 on the lower substrate 100.

[0066] The alignment direction of first alignment layer
170, defining the initial alignment state of the adjacent liquid
crystal molecules 310, is deflected to the right side, whereby
the alignment direction of the first alignment layer 170 is
different from the alignment direction of the liquid crystal
molecules in the second domain when the voltage is applied.
Thus, the dielectric structure 260 is formed at a portion of
the upper substrate corresponding to the periphery of the
pixel electrode of the lower substrate in the second domain,
so that the in-plane electric field is induced, thereby deflect-
ing the alignment direction of the liquid crystal molecules
310 to the left side in the second domain.

[0067] In the first domain, the alignment direction of the
liquid crystal molecules is defined by the alignment direc-
tion of the first alignment layer 170, since the alignment
direction of the liquid crystal molecules is same as the
alignment direction of the first alignment layer 170 in the
first domain, so that a structure for distorting the electric
field is not additionally formed in the first domain.

[0068] Accordingly, in the pixel having the two domains
according to the second embodiment of the present inven-
tion, the structure for distorting the electric field is not
required in one domain. The auxiliary electrode or the
dielectric structure are made of a material that does not
transmit light, so that aperture ratio decreases in case of that
the pixel electrode is overlapped with the dielectric structure
or the auxiliary electrode. That is, in the present invention,
it is possible to prevent aperture ratio from decreasing since
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the auxiliary electrode or the dielectric structure is not
formed in one of the two domains.

[0069] In the related art LCD device, a predetermined
interval is required due to the pixel electrode and the
auxiliary electrode being adjacent to the pixel electrode.
However, in the LCD device according to the present
invention, the predetermined interval between the pixel
electrode and the auxiliary electrode is not required, thereby
increasing the portion for forming the pixel electrode.

[0070] Furthermore, since the auxiliary electrode is
formed in one domain, a region A where the liquid crystal
molecules are severely slanted is removed in one domain
when the voltage is applied, thereby decreasing light leakage
in half.

[0071] When respectively depositing the first and second
alignment layers on the entire surfaces of the lower and
upper substrates in the LCD device according to the present
invention, the protruding dielectric structure is not formed in
one domain, thereby improving alignment-treatment effi-
ciency as compared with the related art.

[0072] Inthe LCD device according to the second embodi-
ment of the present invention shown in FIG. 3A, the electric
field inducing window and the dielectric structure may be
differently formed.

[0073] FIG. 4 is a cross-sectional view illustrating an
LCD device taken along line III-III' of FIG. 3A according
to the third embodiment of the present invention.

[0074] Referring to FIG. 4, the LCD device according to
the third embodiment of the present invention is different
from the LCD device according to the second embodiment
of the present invention in that the electric field inducing
window 160 is formed in the common

[0075] electrode 240, the auxiliary electrode 130 is formed
below the electrode 150a to correspond to the electric field
inducing window 160, and the dielectric structure 260 is
formed at a portion of the lower substrate 100 corresponding
to the periphery of one domain (or to the periphery of the
pixel electrode 150z in one domain) where the alignment
direction of the liquid crystal molecules is different from the
alignment direction of the first alignment layer. Except the
aforementioned constituent elements, others are same as
those of the LCD device according to the second embodi-
ment of the present invention, whereby the same reference
numbers will be used throughout the drawings to refer to the
same or like parts.

[0076] In the LCD device according to the third embodi-
ment of the present invention, a lower substrate 100 includes
a plurality of gate lines 110 and data lines 120 crossing each
other to define a plurality of pixel regions, and a pixel
electrode 150a in each pixel region. A common electrode
240 is formed on an upper substrate 200.

[0077] As shown in FIG. 4, an electric fleld inducing
window 160 is formed at the center of the pixel region for
dividing the pixel into two domains, so that liquid crystal
molecules are differently aligned in the two domains when
the voltage is applied. The auxiliary electrode 130 is formed
on the lower substrate 100 below the electric field inducing
window 160, and the dielectric structure 260 is formed at a
portion of the lower substrate 100 corresponding the periph-
ery of one domain where the alignment direction of the
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liquid crystal molecules is different from the alignment
direction of the lower substrate. At this time, the dielectric
structure 260 may be formed on the common electrode 240
of the upper substrate in one domain where the alignment
direction of the liquid crystal molecules is different from the
alignment direction of the lower substrate.

[0078] 1In the LCD device according to the illustrated
embodiments of the present invention, one pixel is divided
into two domains. However, it is possible to divide one pixel
into three domains or more in the LCD device according to
the present invention.

[0079] As mentioned above, the LCD device according to
the present invention has the following advantages.

[0080] First, the structure for distorting the electric field is
formed for differentiating the alignment direction of the
liquid crystal molecules in domains. The structure for dis-
torting the electric field is not formed at the portion where
the alignment direction of the liquid crystal molecules is
same as the alignment direction of the respective substrates.
Thus, as the number of the structure for distorting the
electric field decreases, the aperture ratio becomes high.

[0081] Also, the structure for dividing the alignment direc-
tion of the liquid crystal molecules generates the light
leakage since the liquid crystal molecules are slanted when
applying the voltage. In the LCD device according to the
present invention, the structure for dividing the alignment
direction of the liquid crystal molecules is not formed in one
domain, whereby the light leakage decreases in half.

[0082] In case of forming the alignment layer on the
protruding  dielectric  structure, alignment efficiency
decreases at the portion of the alignment layer having the
protruding dielectric structure. However, in the LCD device
according to the present invention, the protruding dielectric
structure is removed in the domain where the alignment
direction of the liquid crystal molecules is same as the
alignment direction of the lower substrate, whereby the
alignment efficiency increases. Also, if the number of the
protruding dielectric structures increases, electric charges
may be easily accumulated on the protruding dielectric
structures, thereby generating an afterimage. In the LCD
device according to the present invention, the afterimage is
overcome since the protruding dielectric structures are
removed in the domain where the alignment direction of the
liquid crystal molecules is same as the alignment direction
of the lower substrate.

[0083] 1t 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.

What is claimed is:
1. A liquid crystal display (LCD) device comprising:

first and second substrates;

a plurality of gate and data lines on the first substrate to
define a plurality of pixel regions;

a pixel electrode in each pixel region;
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a common electrode on the second substrate, the common
electrode having an electric field inducing window
dividing each pixel region into at least two domains;

an auxiliary electrode on the first substrate, the auxiliary
electrode corresponding to the periphery of the pixel
electrode in one of at least two domains; and

a liquid crystal layer between the first and second sub-
strates.
2. The LCD device of claim 1, further comprising:

a thin film transistor at each crossing point of the gate and
data lines;

a black matrix layer on the second substrate;
a color filter layer on the black matrix layer; and

first and second alignment layers on the first and second

substrates.

3. The LCD device of claim 2, wherein the auxiliary
electrode is formed at a portion where an alignment direc-
tion of liquid crystal molecules is opposite to an alignment
direction of the first alignment layer when a voltage is
applied.

4. The LCD device of claim 1, wherein the auxiliary
electrode is formed on the same layer as the gate line.

5. The LCD device of claim 1, wherein the auxiliary
electrode is formed on the same layer as the data line.

6. The LCD device of claim 1, wherein the auxiliary
electrode is formed in a rectangular ‘C’ shape.

7. An LCD device comprising:

first and second substrates;

a plurality of gate and data lines on the first substrate to
define a plurality of pixel regions;

a pixel electrode in the pixel region, the pixel electrode
having an electric field inducing window dividing each
pixel into at least two domains;

an auxiliary electrode below the electric field inducing
window;

a common electrode on the second substrate;

a dielectric structure on the common electrode, the dielec-
tric structure corresponding to the periphery of the
pixel electrode in one of at least two domains; and

a liquid crystal layer between the first and second sub-
strates.
8. The LCD device of claim 7, further comprising:

a thin film transistor at each crossing point of the gate and
data lines;

a black matrix layer on the second substrate;
a color filter layer on the black matrix layer; and

first and second alignment layers on the first and second

substrates.

9. The LCD device of claim 8, wherein the dielectric
structure is formed at a portion where an alignment direction
of liquid crystal molecules is opposite to an alignment
direction of the first alignment layer when a voltage is
applied.

10. The LCD device of claim 7, wherein the auxiliary
electrode is formed on the same layer as the gate line.
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11. The LCD device of claim 7, wherein-the auxiliary
electrode is formed on the same layer as the data line.

12. The LCD device of claim 7, wherein the auxiliary
electrode is formed in a rectangular ‘C’ shape.

13. The LCD device of claim 7, wherein the dielectric
structure is formed on the first substrate.

14. An LCD device comprising:

first and second substrates;

a plurality of gate and data lines on the first substrate to
define a plurality of pixel regions;

a pixel electrode in each pixel region;

a common electrode on the second substrate, the common
electrode having an electric field inducing window
dividing each pixel region into at least two domains;

an auxiliary electrode on the first substrate, the auxiliary
electrode corresponding to the electric field inducing
window;

a dielectric structure on the first substrate, the dielectric
structure corresponding to the periphery of the pixel
clectrode in one of at least two domains,; and

a liquid crystal layer between the first and second sub-
strates.
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15. The LCD device of claim 14, further comprising:

a thin film transistor at each crossing point of the gate and
data lines;

a black matrix layer on the second substrate;
a color filter layer on the black matrix layer; and

first and second alignment layers on the first and second

substrates.

16. The LCD device of claim 15, wherein the dielectric
structure is formed at a portion where an alignment direction
of liquid crystal molecules is opposite to an alignment
direction of the first alignment layer when a voltage is
applied.

17. The LCD device of claim 14, wherein the auxiliary
electrode is formed on the same layer as the gate line.

18. The LCD device of claim 14, wherein the auxiliary
electrode is formed on the same layer as the data line.

19. The LCD device of claim 14, wherein the auxiliary
electrode is formed in a rectangular “C” shape.

20. The LCD device of claim 14, wherein the dielectric
structure is formed on the common electrode.
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