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&) ABSTRACT

A multi-domain LCD device includes first and second
substrates, gate and data lines defining a plurality of pixel
regions on the first substrate, at least one first electric field
distortion unit formed at the pixel region, a pixel electrode
formed at the pixel region and having at least one second
electric field distortion unit, a common electrode formed on
the second substrate, and a liquid crystal layer formed
between the first and second substrates, having liquid crystal
molecules symmetrically arranged by the first electric field
distortion unit and having a plurality of domains generated
by the first and second electric field distortion units.
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FIG. 3B
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MULTI-DOMAIN LIQUID CRYSTAL DISPLAY
DEVICE AND FABRICATION METHOD THEREOF

[0001] This application claims the benefit of Korean
Application Nos. 2004-87482 and 2005-15550, filed Oct.
29, 2004 and Feb. 24, 2005, respectively, which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device and, more particularly, to an LCD
device and its fabrication method capable of obtaining a
wide viewing angle and enhancing an aperture ratio.

[0004] 2. Discussion of the Related Art

[0005] The LCD device, which has been well-known as a
high picture quality and low power flat panel display device,
includes a thin film transistor (TFT) array substrate and a
color filter substrate attached with a uniform interval, in
which a liquid crystal layer is formed. Further, the TFT array
substrate includes pixels arranged in a matrix form, each unit
pixel including a TFT, a pixel electrode and a capacitor. The
color filter substrate includes a common electrode formed on
the entire surface of the color filter substrate, RGB color
filters and a black matrix. The common electrode and the
pixel electrode serve to apply electric field to the liquid
crystal layer.

1. Field of the Invention

[0006] An alignment film is formed on facing surfaces of
the TFT array substrate and the color filter substrate, and
rubbing is performed to arrange the liquid crystal layer in a
certain direction. When the electric field is applied between
the pixel electrode and the common electrode, liquid crystals
rotate due to dielectric anisotropy to transmit or block light
according to each unit pixel, thereby displaying a character
or an image.

[0007] However, the above-described LCD device is a
twisted nematic (TN) mode LCD device, a viewing angle of
which is narrow. Such a disadvantage results from refractive
anisotropy of liquid crystal molecules. That is, with the TN
mode, light transmittance is symmetrically distributed with
respect to a horizontal viewing angle but is asymmetrically
distributed with respect to a vertical viewing angle, thereby
causing a range of image inversion and thus narrowing the
viewing angle.

[0008] In order to solve the problem of viewing angle,
there have been proposed a film compensation mode LCD
device for compensating the viewing angle with a compen-
sation film, a multi-domain mode LCD device for dividing
a pixel into several domains and compensating the viewing
angle by making a direction of each main viewing angle of
each domain different, an in-plane electric field mode LCD
device for forming in-plane electric field by positioning two
electrodes on the same substrate, an OCB (Optically Com-
pensated Birefringence mode LCD) device, a vertical align-
ment (VA) mode LCD device, and the like.

[0009] For example, the vertical alignment (VA) mode
LCD device utilizes liquid crystals with a negative type
dielectric anisotropy and a vertical alignment film. When a
voltage is not applied, liquid crystal molecules are arranged
such that the longer axis of each molecule is vertical to the
planar surface of the alignment film and a polarization plate
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attached on a substrate is disposed such that a polarization
axis is perpendicular to the longer axis of each molecule to
display a normally black mode. In contrast, when a voltage
is applied, due to characteristics of the negative type liquid
crystal molecules being slantedly aligned with respect to
electric field, the liquid crystal molecules having their longer
axes in a perpendicular direction to the planar surface of the
alignment film are moved toward the planar surface of the
alignment film to allow light to be transmitted. In the VA
mode LCD device, a structure such as a side-electrode or rib,
or an electric field distortion slit is formed on a substrate to
distort the electric field generated at the liquid crystal layer
to position a director of liquid crystal molecules in a desired
direction. For example, there is PVA (Pattern Vertical Align-
ment) or an MVA (Multi-domain Vertical Alignment).

[0010] FIGS. 1 and 2 are cross-sectional views showing
the unit pixel of a related art VA mode LCD device with a
viewing angle improved by the multi-domain. FIG. 1 shows
the LCD device utilizing only electric field distortion slits as
an electric field distorting unit and FIG. 2 shows the LCD
device utilizing a rib.

[0011] As shown in FIGS. 1 and 2, a VA mode LCD
device 10 includes first and second substrate 1 and 2, and a
liquid crystal layer 7 formed therebetween. Though not
shown, a plurality of gate lines and data lines are arranged
horizontally and vertically to define pixel regions on the first
substrate 1, and a TFT is formed at the crossing of the gate
line and the data line. A pixel electrode 3 electrically
connected with the TFT is formed at the pixel region. A
common electrode 4 for generating electric field together
with the pixel electrode 3 to drive liquid crystal molecules
9 is formed on the second substrate 2. Though not shown, a
black matrix for blocking light leaked from the gate/data
lines and TFT and a color filter for implementing color are
also formed on the second substrate 2. Electric field distor-
tion slits 6a and 65 for generating distortion of electric field
are formed at the pixel electrode 3 and the common elec-
trode 4, respectively. The electric field distortion slits 6a and
65 distort the electric field to divide a domain into several
regions to create a multi-domain. In this related art, a rib 8
is formed on the second substrate 2.

[0012] In the LCD device 10, when a voltage above a
threshold value is applied to the pixel electrode 3 and the
common electrode 4, the liquid crystal molecules, which
have been arranged such that their longer axes are perpen-
dicular to the planar surface of the substrate, are slanted in
a horizontal direction, and therefore, the electric field is
distorted by the electric field distortion slit 65 or the rib 8 to
make the liquid crystal molecules arranged in a different
direction centering around the electric field distortion slit 65
or the rib 8. Accordingly, the liquid crystal directors face
each other to compensate the viewing angle, thereby obtain-
ing a wide viewing angle.

[0013] However, the related art LCD device has the fol-
lowing problems. If the first and second substrates 1 and 2
are not precisely attached, the position of the electric field
distortion slits 6a formed on the pixel electrode and the
position of the electric field distortion slit 6a or the rib 8
formed on the common electrode will not be accurate,
thereby changing an area ratio of the domain, and degrading
viewing angle characteristics and display quality.
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SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to a
multi-domain liquid crystal display device and fabrication
method thereof that substantially obviate one or more of the
problems due to limitations and disadvantages of the related
art.

[0015] An object of the present invention is to provide a
liquid crystal display (LCD) device capable of preventing
degradation of viewing angle characteristics due to mis-
alignment of an upper substrate and a lower substrate, and
its fabrication method.

[0016] Another object of the present invention is to pro-
vide a multi-domain LCD device capable of enhancing a
viewing angle by forming an electric field distortion unit
only at a lower substrate, and its fabrication method.

[0017] Still another object of the present invention is to
provide an LCD device capable of enhancing an aperture
ratio by reducing a formation area of an electric field
distortion unit, and its fabrication method.

[0018] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be 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 will be realized and attained by
the structure particularly pointed out in the written descrip-
tion and claims hereof as well as the appended drawings.

[0019] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described herein, there is provided a
multi-domain LCD device including a first substrate and a
second substrate facing each other, gate lines and data lines
defining a plurality of pixel regions on the first substrate, at
least one first electric field distortion unit formed at the
plurality of the pixel regions, a pixel electrode formed at the
plurality of the pixel regions and including at least one
second electric field distortion unit, a common electrode
formed on the second substrate, and a liquid crystal layer
formed between the first and second substrates, wherein the
liquid crystal layer includes liquid crystal molecules that are
symmetrically arranged by the first electric field distortion
unit, and a plurality of domains formed by the first and
second electric field distortion units.

[0020] In another aspect of the present invention, there is
also provided a method for fabricating a multi-domain liquid
crystal display (LCD) device including preparing a first
substrate and a second substrate, forming an electric field
distortion pattern on the first substrate, forming a passivation
film on the first substrate including the electric field distor-
tion pattern, forming a pixel electrode having an electric
field distortion slit on the passivation film, forming a com-
mon electrode on the second substrate, and forming a liquid
crystal layer between the first and second substrates, wherein
the liquid crystal layer is symmetrically arranged by the
electric field distortion pattern and includes a plurality of
domains generated by the electric field distortion pattern and
the electric field distortion slit.

[0021] In another aspect of the present invention, there is
also provided a method for fabricating a multi-domain liquid
crystal display (LCD) device including preparing a first
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substrate and a second substrate, the first substrate including
gate and data lines to define a plurality of pixel regions,
forming a first liquid crystal control electrode and a second
liquid crystal control electrode on the first substrate, forming
a passivation film on the first substrate including the plu-
rality of liquid crystal control electrodes, forming a first
electric filed distortion slit and a second electric field dis-
tortion slit on the passivation film, the first electric field
distortion slit having a plurality of holes continuously dis-
posed to be spaced apart at an interval, forming a common
electrode on the second substrate, and forming a liquid
crystal layer including a symmetrical arrangement based on
the first liquid crystal control electrode, and a plurality of
domains by the first liquid crystal control electrode and the
first electric field distortion slit.

[0022] Tt is to be understood that both the foregoing
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion. In the drawings:

[0024] FIG. 1 illustrates a section of a unit pixel of a
multi-domain LCD device utilizing electric field distortion
slits in accordance with the related art;

[0025] FIG. 2 illustrates a section of a unit pixel of a
multi-domain LCD device utilizing a rib in accordance with
the related art;

[0026] FIGS. 3A and 3B illustrate an embodiment of a
multi-domain LCD device in accordance with the present
invention, of which FIG. 3A is a plan view showing a unit
pixel, and FIG. 3B is a sectional view taken along line I-I'
in FIG. 3A;

[0027] FIG. 4 illustrates a viewing angle compensation
principle in accordance with the present invention;

[0028] FIG. 5 illustrates one structure of an electric field
distortion unit;

[0029] FIG. 6 illustrates another structure of the electric
field distortion unit;

[0030] FIG. 7 illustrates a liquid crystal control electrode
formed at a region corresponding to an electric field distor-
tion slit, especially formed on a gate insulation film;

[0031] FIG. 8is a plan view showing another embodiment
of the present invention capable of improving light trans-
mittance;

[0032] FIGS. 9A to 9C are enlarged views illustrating a
first electric field distortion slit and a first liquid crystal
control electrode, of which FIG. 9A is an enlarged view of
a portion ‘A’ in FIG. 8, FIG. 9B is a sectional view taken
along line II-II' in FIG. 9A; and FIG. 9C is a sectional view
taken along line III-I1I' in FIG. 9A;
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[0033] FIG. 10 illustrates an equipotential line in a pixel
including a region (hole peripheral region) corresponding to
FIG. 9A;

[0034] FIGS. 11A and 11B are images showing a light
leakage region in a black mode and a light blockage region
in a white mode, respectively;

[0035] FIGS. 12 and 13 show different embodiments of
the present invention; and

[0036] FIGS. 14A to 14C are process plan views showing
a method for fabricating an LCD device illustrated in FIG.
8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0037] Reference will now be made in detail to the pre-
ferred exemplary embodiments of a multi-domain liquid
crystal display (LCD) device and its fabrication method of
the present invention, examples of which are illustrated in
the accompanying drawings.

[0038] FIGS. 3A and 3B illustrate an exemplary embodi-
ment of a multi-domain LCD device in accordance with the
present invention. FIG. 3A is a plan view showing a unit
pixel, and FIG. 3B is a cross-sectional view taken along line
I-I' in FIG. 3A. As shown in FIG. 3B, a multi-domain LCD
device 100 (FIG. 3A) includes first and second substrates
110 and 120, and a liquid crystal layer 119 formed therebe-
tween. Also, as shown in FIG. 3 A, the first substrate 110 is
provided with a plurality of gate lines 101 and a plurality of
data lines 103 horizontally and vertically arranged to define
pixel regions, and a thin film transistor (TFT)109 formed at
each crossing of the gate line 101 and the data line 103. The
TFT 109 includes a gate electrode formed of a gate line 101,
a semiconductor layer 105 formed on the gate line 101, and
source/drain electrodes 1024 and 1025 formed on the semi-
conductor layer 105. In this exemplary embodiment, the gate
electrode may be formed by extending the gate line 101. A
pixel electrode 113 is formed at the pixel region, and is
electrically connected with the drain electrode 1025 through
a drain contact hole 107. Moreover, the pixel electrode 113
includes a plurality of electric field distortion slits 114 for
distorting electric field.

[0039] Referring to FIG. 3B, a liquid crystal control
electrode 111 is formed on the first substrate 110 to form a
plurality of domains by distorting the electric field together
with the electric field distortion slits 114. A gate insulation
film 115 and a passivation film 117 are formed at an upper
portion of the liquid crystal control electrode 111. In this
exemplary embodiment, the liquid crystal control electrode
111 may be formed on the gate insulation film 115, and the
pixel electrode 113 be formed on the passivation film 117.
As shown in FIG. 3A, the liquid crystal control electrode
111 may be formed at an outer edge of a pixel adjacent to the
data line 103 in order to effectively prevent an influence of
a signal of the data line 103 on the pixel electrode 113. A
black matrix 121 is formed on the second substrate 120 in
order to block light leaked from the gate line 101, the data
line 103 and the TFT 109. A color filter 123 is formed on the
black matrix 121. A common electrode 125 is formed on the
color filter 123 to generate electric field together with the
pixel electrode 113 to drive the liquid crystal layer 119. The
pixel electrode 113 and the common electrode 125 may be
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made of a transparent conductive material such as ITO
(Indium Tin Oxide), IZO (Indium Zinc Oxide), or the like.

[0040] In such an exemplary arrangement, when a voltage
at or above a threshold value is applied to the pixel electrode
113 and the common electrode 125, liquid crystal molecules
1194 and 11956 are driven by electric field (indicated by
curved dotted lines) generated by the pixel electrode 113 and
the common electrode 125. As shown in FIG. 3B, the
electric field are symmetrical (left and right) based on the
liquid crystal control electrode 111 formed on the first
substrate 110 and the electric field distortion slit 114 formed
at the pixel electrode 113. Accordingly, the liquid crystal
molecules 119a and 1195 arranged along the direction of the
electric field are symmetrical centering on the liquid crystal
control electrode 111.

[0041] When the liquid crystal molecules 119a and 11956
are formed to have the symmetrical arrangement by the
liquid crystal control electrode 111 and the electric field
distortion slit 114, a plurality of domains are created to
widen a viewing angle. In other words, as shown in FIG. 4,
in a case of two domains that the liquid crystal molecules
1194 and 1195 are arranged to be symmetrical, a birefrin-
gence value of a, of the liquid crystal molecule 119a is
compensated by a birefringence value of a, of the liquid
crystal molecule 1196 having an arrangement of molecules
in the opposite direction to that of the liquid crystal molecule
119a, resulting in a birefringence value of ‘0’. Similarly, a
birefringence value of ¢, is compensated by c,. In this
manner, the viewing angle is compensated by forming the
multi-domain to thereby prevent degradation of picture
quality according to the viewing angle.

[0042] In this exemplary embodiment, the electric field
distortion units, namely, the electric field distortion slits 114
and the liquid crystal control electrode 111, are all formed at
the first substrate (lower substrate) 110, and thereby pre-
venting degradation of viewing angle characteristics due to
misalignment between the upper and lower substrates. In the
related art, since the electric field distortion units (e.g., the
electric field distortion slit or the rib) are formed on the
upper and lower substrates, respectively, misalignment,
which is caused when the upper and lower substrates are
attached, makes each area of the symmetrical domains
different, thereby degrading viewing angle characteristics.
Unlike the related art, in the present invention, since the
electric field distortion units (the electric field distortion slits
and the liquid crystal control electrode) are formed at the
same lower substrate, asymmetry of domain regions due to
misalignment of the upper and lower substrates can be
avoided, thereby preventing degradation of viewing angle
characteristics and obtaining a wide viewing angle.

[0043] As described above, in order to create the domains
having the liquid crystal molecules 109a and 1095 arranged
symmetrical based on the liquid crystal control electrode
111, a common voltage (V) of about 3.3V is applied to
the common electrode 125, a pixel electrode (V) for con-
trolling light transmittance is applied to the pixel electrode
113, and some -5V low gate voltage (V) is applied to the
liquid crystal control electrode 111. Long time application of
the DC voltage to liquid crystals causes degradation of
characteristics of the liquid crystals. Thus, polarity of the
applied voltage, namely, the pixel electrode (V,,), needs to be
periodically changed for operation. In this respect, however,
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if a signal of the pixel voltage has a positive polarity (V,,,)
and a signal of the liquid crystal control electrode 111 is a
low gate voltage (V,,;-5V), the domains with liquid crystal
molecules 1094 and 1095 arranged symmetrical based on
the liquid crystal control electrode 111 are not formed. In
other words, the liquid crystal molecules 109a and 1095 are
not arranged in a direction of facing each other in each
domain based on the boundary of the liquid crystal control
electrode 111 but arranged in the opposite directions near the
liquid crystal control electrode 111.

[0044] Accordingly, in order to solve such a problem, in
the present invention, the signal of the liquid crystal control
electrode 111 is adjusted to be the same as the polarity of the
pixel voltage and applied. In other words, if the signal of the
pixel voltage has a negative polarity, a liquid crystal control
signal (V,,;,,) lower than the pixel voltage (V) is applied
to the liquid crystal control electrode 111, and if the signal
of the pixel voltage has the positive polarity, a liquid crystal
control signal higher than the pixel voltage (V) is applied
to the liquid crystal control electrode 111. That is, in order
to make the domains symmetrical with the same arrange-
ment of the liquid crystal molecules 1092 and 1095, a
voltage difference (V,_-V,;,) between a minimum liquid
crystal control signal (V ;) applied when the signal of the
pixel voltage has the negative polarity and the pixel voltage
(Vp)) and a voltage difference (V,,,,—V,,) between a
maximum liquid crystal control signal (V,,.) applied when
the signal of the pixel voltage has the positive polarity and

the pixel voltage (V) must satisfy the same conditions.

[0045] Driving inversion includes frame inversion, line
inversion, dot inversion and the like. In the dot inversion, a
negative polarity pixel voltage signal and a positive polarity
pixel voltage are alternately applied to each unit pixel. Thus,
in case of the dot inversion, the minimum liquid crystal
control signal (V_,;,) and the maximum liquid crystal control
signal (V,,.,) must be applied alternately.

[0046] In the present invention, the electric field distortion
units do not need to limit to a specific form but may be
variably changed to a zigzag form or the like. FIGS. 5 and
6 illustrate different examples of the electric field distortion
units in accordance with another exemplary embodiment of
the present invention, which have the same structure as that
of the previous embodiment (FIGS. 3A and 3B), except for
the form of the liquid crystal control electrode and the
electric field distortion slits. The same reference numerals
are given to the same elements.

[0047] As shown in FIG. 5, a plurality of electric field
distortion slits 114A and 114B are formed as an electric field
distortion unit on the pixel electrode 113, and a liquid crystal
control electrode 111 A may be formed to distort electric field
together with the electric field distortion slits 114A and 114B
to form multi-domain and divide a pixel region defined by
the gate line 101 and the data line 103 into a plurality of
regions. The electric field distortion slit 114A is formed at a
central portion of each divided region of the pixel region
divided by the liquid crystal control electrode 111A. The
electric field distortion slit 114B is formed at a position
corresponding to the liquid crystal control electrode 111A
and is disposed in parallel with the gate line 101. As
described above, the liquid crystal control electrode 111A
and the electric field distortion slits 114A and 114B form a
continuous domain so that the longer axes of liquid crystal
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molecules are arranged to face the electric field distortion
slit 114A at each divided region.

[0048] As shown in FIG. 6, the liquid crystal control
electrode 111B and the electric field distortion slit 114C may
have a bent structure in a zigzag form, and by forming the
liquid crystal control electrode 111B and the electric field
distortion slit 114C with the bent structure, four-domain can
be created.

[0049] Though not shown, the liquid crystal control elec-
trodes 111, 111A and 111B are electrically connected with
neighbor pixels, and a connection pattern for applying the
liquid crystal control signal is separately formed. The con-
nection pattern may be formed along the side of the gate line
101 or formed side by side with the data line 103. If the
liquid crystal control electrode 111 is formed on the same
plane on which the gate line 101 is formed, the connection
pattern is formed along the side of the gate line 101, and if
the liquid crystal control electrode 111 is formed on the same
plane on which the data line 103 is formed, the connection
pattern is formed side by side with the data line 103.

[0050] As described above, in the present invention, the
electric field distortion slits and the liquid crystal control
electrode are formed on the same substrate (lower substrate)
and the same liquid crystal control signal as the polarity of
the pixel voltage applied to the pixel electrode. Accordingly,
degradation of the viewing angle characteristics due to
misalignment between the upper and lower substrates can be
prevented and the viewing angle can be effectively widen by
making the divided domains to be symmetrical based on the
liquid crystal control electrode.

[0051] However, since the liquid crystal control electrode
is made of an opaque metal, an aperture ratio is degraded.
Especially, under a black condition, the same common
voltage is applied to the pixel electrode and the common
electrode, and the maximum liquid crystal control signal
(Vmax) is applied to the liquid crystal control electrode. In
this respect, light leakage occurs near the electric field
distortion slit due to the signal applied to the liquid crystal
control electrode. In order to prevent the light leakage under
the black condition, the width of the liquid crystal control
electrode needs to be sufficiently wide, thereby reducing the
aperture ratio.

[0052] FIG. 7 illustrates the liquid crystal control elec-
trode 111 formed at a region corresponding to the electric
field distortion slit 114, especially formed on the gate
insulation film 115. As shown in FIG. 7, the liquid crystal
control electrode 111 is formed to overlap with the certain
portions of the pixel electrodes 113 adjacent with the electric
field distortion slit 114 with the passivation film 117 inter-
posed therebetween. In such an arrangement, in order to
prevent the light leakage from one side (the region adjacent
to the electric field distortion slit 114) of the pixel electrode
113 under the black condition, regions where the light
leakage occurs are all to be block with the liquid crystal
control electrode 111. Accordingly, both sides of the liquid
crystal control electrode 111 overlap with the pixel elec-
trodes 113, and an overlap distance (L) is about 2-3 pum.
Thus, an increase in the width of the liquid crystal control
electrode 111 to prevent light leakage under the black
condition reduces the aperture ratio.

[0053] In order to solve the problem, the present invention
provides a multi-domain LCD device that minimizes the
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reduction of the aperture ratio by changing the form of the
liquid crystal control electrode 111 to enhance light trans-
mittance. In other words, the light transmittance can be
enhanced by continuously disposing oval electric field dis-
tortion slits 114 with a certain interval therebetween and
reducing a formation area of the liquid crystal control
electrode 111 corresponding to the separation distance
between the electric field distortion slits.

[0054] FIG. 8 is a plan view showing another exemplary
embodiment of the present invention capable of improving
the light transmittance. Elements of this embodiment are the
same as those of the previous embodiment (FIGS. 3A and
3B), except for the structure of the liquid crystal control
electrode.

[0055] As shown in FIG. 8, an LCD device 200 includes
a first substrate 210, gate and data lines 201, 203 vertically
crossing to form a pixel region on the first substrate 210, and
a switching device 209 formed at the crossing of the gate and
data lines 201 and 203 to switch each pixel. A pixel electrode
213 is formed at the pixel region to electrically connect a
drain electrode 2025 through a drain contact hole 207, and
includes a plurality of first and second electric field distor-
tion slits 214a and 214b.

[0056] A first liquid crystal control electrode 211a for
distorting electric field together with the first electric field
distortion slit 214a is formed at a lower side of the first
electric field distortion slit 214a, and a second liquid crystal
control electrode 2115 for shielding a signal of the data line
203 is formed at an outer edge of the pixel region. The first
electric field distortion slit 214a includes a plurality of oval
holes 214 dispose in a straight line with a certain interval,
and the first liquid crystal control electrode 211a is shaped
such that its width is reduced at a position corresponding to
a separation distance of the holes 214.

[0057] FIGS. 9A to 9C are enlarged views illustrating the
first electric field distortion slit 214a and the first liquid
crystal control electrode 211a. Specifically, FIG. 9A is an
enlarged view of a portion ‘A’ in FIG. 8, FIG. 9B is a
sectional view taken along line II-II' in FIG. 9A, and FIG.
9C is a sectional view taken along line III-III' in FIG. 9A.

[0058] First, as shown in FIG. 9A, the first electric field
distortion slit 214a positioned between the second electric
field distortion slit 2145 is formed such that the plurality of
holes 214 are arranged separately with a certain interval
(D1) in a row. The hole 214 has an oval shape and its vertical
length (D2) and horizontal length (D3) are different. For
example, the length (vertical length; D2) in the direction of
arrangement of the holes 214 is longer. The separation
distance (D1) between the holes 214 is designed to be
smaller than the vertical length (D2) and the same or smaller
than the horizontal length (D3).

[0059] The first liquid crystal control electrode 211a
formed at the lower side of the first electric field distortion
slit 214a has a similar form as the first electric field
distortion slit 214a, and regions corresponding to the sepa-
ration region between the holes 214 are connected. In other
words, the region separating the holes 214, namely, the first
liquid crystal control electrode 211a corresponding to the
length D1, is smaller in its width compared with the region
corresponding to the hole 214. This means reduction of the
formation area of the first liquid crystal control electrode
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211a compared with the previous embodiment (FIG. 3A),
and the aperture ratio increases as much as the region (T)
formed as the width of the first liquid crystal control
electrode 211a becomes narrow.

[0060] That is, in this exemplary embodiment, the oval
holes 214 whose vertical length (D2) is longer than the
horizontal length (D3) are arranged at certain intervals (D1)
to form the first electric field distortion slit 214a, and the
width of the first liquid crystal control electrode 211a
formed at its lower side has the width which becomes
narrow at the separation region between holes 214 to thereby
reduce the area of the first liquid crystal control electrode
2114 formed at the separation region between holes 214 and
increase the aperture ratio.

[0061] As shown in FIGS. 9A and 9B, the first liquid
crystal control electrode 211a is formed on the first substrate
210. A gate insulation film 215 and a passivation film 217 are
formed on the entire surface of the first substrate 210
including the first liquid crystal control electrode 211a. The
pixel electrode 213 is formed on the passivation film 217.
The first liquid crystal control electrode 211a may be formed
on the gate insulation film 215.

[0062] As described above, the first electric field distortion
slit 214a is formed to include the plurality of holes 214, and
the form of the first liquid crystal control electrode 211a is
changed to increase the aperture ratio. Moreover, the sepa-
ration region (D1) between the holes 214 is smaller than the
vertical length (D2) of the hole 214 and the same or smaller
than the horizontal length (D3) of the hole 214. In this
exemplary embodiment, with the first electric field distortion
slit 214a being shaped as the continuous holes, a different
electric field from the linear second electric field distortion
slit 2144 is generated around the holes. However, the other
region than the hole periphery has the same electric field as
in the previous embodiment, and since the hole periphery is
blocked by the liquid crystal control electrode, there is no
problem.

[0063] FIG. 10 illustrates an equipotential line in a pixel
including a region (hole peripheral region) corresponding to
FIG. 9A. FIGS. 11A and 11B are images showing a light
leakage region in a black mode and a light blockage region
in a white mode, respectively.

[0064] First, referring to FIG. 10, an equipotential line is
formed at the periphery of the holes 214, and electric field
(not shown) is generated in a direction perpendicular to the
equipotential line. Liquid crystal molecules 219 are driven
in the direction of the electric field. As shown in FIG. 11A,
the light leakage occurs along the periphery of the holes 214
in the black mode. As shown in FIG. 11B, a light blocked
region is generated along the hole periphery in the white
mode. In this exemplary embodiment, the light leakage
region and the light blockage region around the holes 214
are regions covered by the first liquid crystal control elec-
trode 214a.

[0065] FIGS. 12 and 13 show another exemplary embodi-
ment of the present invention, whose structure is the same as
the previous embodiment (FIG. 6) except for the form of the
liquid crystal control electrode and the electric field distor-
tion slit.

[0066] First, as shown in FIG. 12, an LCD device 300
includes a gate line 301 and a data line 303 defining a pixel
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region horizontally and vertically on a first substrate 310,
and a pixel electrode 313 formed at the pixel region. The
pixel electrode 313 includes a plurality of first and second
electric field distortion slits 314a and 3145 as an electric
field distortion unit. The first electric field distortion slit
314aq is formed to include a plurality of holes 314 continu-
ously disposed.

[0067] A first liquid crystal control electrode 31la is
formed on the first substrate 310 corresponding to the first
electric field distortion slit 314a, and its width is reduced at
a region corresponding to a separation region between the
holes 314. A second liquid crystal control electrode 3115 for
effectively blocking an influence of a signal of the data line
303 on the pixel electrode 313 is formed at an outer edge of
the pixel region adjacent to the data line 303. The first and
second liquid crystal control electrodes 311a and 3115 may
be formed on the same plane as the gate line 301 or the data
line 303. Though not shown, similar to the previous embodi-
ment described above with reference to FIG. 3B, there are
provided a second substrate including a color filter, a black
matrix and a common electrode, and a liquid crystal layer
formed between the first and second substrates.

[0068] In the LCD device 300, when a voltage is applied
to the pixel electrode 313, the common electrode and the
liquid crystal control electrodes 311a and 3115, liquid crys-
tal molecules of the liquid crystal layer are arranged such
that each of their longer axes points toward the first electric
field distortion slit 314a to form a continuous domain. The
electric field distortion slits 314a and 3145 and the liquid
crystal control electrodes 311a and 3115 distort electric field
so that the liquid crystal molecules form a continuous
domain at each divided region and improve viewing angle
characteristics. At this time, a liquid crystal control signal
applied to the liquid crystal control electrodes 311a and 3115
must be changed according to polarity of the pixel voltage
applied to the pixel electrode 313.

[0069] That is, in a case where a signal of the pixel voltage
has a negative polarity, a liquid crystal control signal (V)
lower than the pixel voltage (V,._,) is applied to the liquid
crystal control electrodes 311a and 3115, and if the signal of
the pixel electrode has a positive polarity (V,,,,), a liquid
crystal control signal (V_,.,) higher than the pixel voltage
(V) is applied to the liquid crystal control electrodes 311a
and 3115. In this exemplary embodiment, a voltage differ-
ence (V,,—V,,,) between the minimum liquid crystal
control signal (V,,;,) and the pixel voltage (V,_,) and a
voltage difference (V,,,,,~V,,,) between the maximum lig-
uid crystal control signal (V,.) and the pixel voltage
(Vp(s)) must satisfy the same conditions.

[0070] FIG. 13 shows another exemplary embodiment of
the present invention. As shown in FIG. 13, an LCD device
400 includes a first substrate 410, gate and data lines 401 and
403 defining a pixel region horizontally and vertically on the
first substrate 410, and a pixel electrode 413 formed at the
pixel region. The pixel electrode 413 includes a plurality of
electric field distortion slits 414a and 4145 as an electric
field distortion unit. The electric field distortion slits 414a
and 4145 have a bent structure in a zigzag form, and
especially, the electric field distortion slit 414 includes a
plurality of holes 414 that are continuously disposed.

[0071] The pixel region includes liquid crystal control
electrodes 411a and 4115 forming a multi-domain by dis-
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torting electric field together with the electric field distortion
slits 414a and 414b. The liquid crystal control electrode
4114 has the same bent structure as the slits 414a and 4145.
In this exemplary embodiment, the electric field distortion
slits and the liquid crystal control electrodes may be formed
in the bent structure to create 4-domain. Also, the liquid
crystal control electrode 4114 is formed such that a width of
a region corresponding to a region between holes 414 is
narrower than a region corresponding to the hole 414. The
liquid crystal control electrode 4115 is formed at an outer
edge of the pixel region adjacent to the data line 403 so that
an influence of a signal of the data line 403 on the pixel
electrode 413 can be effectively blocked. The liquid crystal
control electrodes 411a and 4115 may be formed on the
same plane on which the gate line 410 or the data line 403
is formed. Though not shown, similar to the previous
embodiment described above with reference to FIG. 3B,
there are formed a second substrate including a color filter,
a black matrix and a common electrode, and a liquid crystal
layer formed between the first and second substrates.

[0072] Inthe LCD device with the above-described struc-
ture, when a voltage is applied to the pixel electrode 413, the
common electrode and the liquid crystal control electrodes
4114 and 4115, liquid crystal molecules of the liquid crystal
layer form four domains having the same arrangement of
liquid crystal molecules based on the liquid crystal control
electrodes 411a and 4115. In order to form the same arrange-
ment of liquid crystal molecules based on the liquid crystal
control electrodes 411a and 41154, a liquid crystal control
signal applied to the liquid crystal control electrodes 411a
and 4115 must be changed according to polarity of the pixel
voltage applied to the pixel electrode 413.

[0073] That is, in a case where a signal of the pixel voltage
has a negative polarity, a liquid crystal control signal (V ;)
lower than the pixel voltage (V,._,) is applied to the liquid
crystal control electrodes 411a and 4115, and if the signal of
the pixel electrode has a positive polarity (V,,,), a liquid
crystal control signal (V,..) higher than the pixel voltage
(V) is applied to the liquid crystal control electrodes 411a
and 4115. In this exemplary embodiment, a voltage differ-
ence (V,,—V,,;,) between the minimum liquid crystal
control signal (V,,;,) and the pixel voltage (V) and a
voltage difference (V,,,x~V,(,)) between the maximum lig-
uid crystal control signal (V) and the pixel voltage
(Vp(sy) must satisfy the same conditions. Also in the exem-
plary embodiments of FIGS. 12 and 13, a connection
pattern electrically connecting the liquid crystal control
electrodes between adjacent pixels is separately formed. The
connection pattern may be formed in parallel to the gate line
or may be formed in parallel to the data line.

[0074] FIGS. 14A to 14C are views showing a method for
fabricating a multi-domain LCD device, and specifically,
showing a method for fabricating the LCD according to the
exemplary embodiment (FIGS. 3A and 3B) of the present
invention.

[0075] First, as shown in FIG. 14A, a transparent first
substrate 510 is prepared, on which a first metal material
such as Cu, Ti, Cr, Al, Mo, Ta or an Al alloy is deposited and
then patterned to form a gate line 501 and first and second
liquid crystal control electrodes 511a and 51154. In this
exemplary embodiment, the liquid crystal control electrodes
511a and 5115 may be formed in a follow-up process, and
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the first liquid crystal control electrode 511a is formed such
that its width becomes narrow at certain intervals.

[0076] Thereafter, SiNx or SiOx, or the like, is deposited
by a plasma CVD method on the entire surface including the
gate line 501 and the liquid crystal control electrodes 511a
and 51154 to form a gate insulation film (not shown). Amor-
phous silicon and n+amorphous silicon are stacked on the
gate insulation film and then patterned to form a semicon-
ductor layer 505 on the gate line 501.

[0077] Referring to FIG. 14B, after the semiconductor
layer 505 is formed, a second metal material such as Cu. Mo,
Ta, Al, Cr. Ti or Al alloy is deposited on the semiconductor
layer 505 and the gate insulation film (not shown), and then
patterned to form a data line 503 disposed to be perpen-
dicular to the gate line 501, thereby defining a pixel together
with the gate line 501 and source/drain electrodes 502a and
5025 separated with a certain interval therebetween on the
semiconductor layer 505. If the liquid crystal control elec-
trodes 511a and 5115 are not formed during the process of
forming the gate line 501, they may be formed during the
process of forming the data line 503.

[0078] Subsequently, an inorganic material such as SiNx
or SiOx or an organic material such as benzocyclobutene or
acryl is coated on the substrate 510 on which a TFT 509 has
been formed, to form a passivation film (not shown), and
then, a drain contact hole 507 exposing a portion of the drain
electrode 5025 is formed.

[0079] And as shown in FIG. 14C, a transparent conduc-
tive film such as ITO or IZO is deposited on the passivation
film and then patterned to form a pixel electrode 513.
Thereafter, a plurality of electric field distortion slits 514a
and 5145 for forming a plurality of domains by distorting
electric field together with the liquid crystal control elec-
trodes 511a and 5115. The electric field distortion slit 514a
includes a plurality of holes 514 continuously arranged with
certain intervals therebetween, and a separation region
between the holes 514 is positioned at a region where the
width of the liquid crystal control electrode 511a is narrow.
Though not shown, a second substrate having a black
matrix, a color filter and a common electrode formed thereon
is prepared, and the first and second substrates are attached,
between which a liquid crystal layer is formed to complete
a panel of the LCD device.

[0080] As described above, in the exemplary embodi-
ments of the present invention, the light transmittance can be
enhanced by forming the normal multi-domain, which is
generated created by forming the liquid crystal control
electrodes, constructing oval electric field distortion slits
continuously disposed with a certain distance, and reducing
the formation area of the liquid crystal control electrodes.

[0081] The multi-domain LCD device in accordance with
the present invention has many advantages. That is, by
forming the electric field distortion unit only at the lower
substrate, degradation of the viewing angle characteristics
due to misalignment of the upper substrate and the lower
substrate can be prevented, and by implementing the wide
viewing angle by forming the multi-domain, a display
quality can be further enhanced. In addition, minimizing the
reduction of the aperture ratio by changing the forming of
the liquid crystal control electrode can enhance the light
transmittance.
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[0082] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
multi-domain liquid crystal display device and its fabrica-
tion method of the present invention without departing from
the spirit or scope of the invention. Thus, it is intended that
the present invention cover the modifications and variations
of'this invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. A multi-domain LCD device comprising:

a first substrate and a second substrate facing each other;

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

at least one first electric field distortion unit formed at the
plurality of the pixel regions;

a pixel electrode formed at the plurality of the pixel
regions and including at least one second electric field
distortion unit;

a common electrode formed on the second substrate; and

a liquid crystal layer formed between the first and second
substrates, wherein the liquid crystal layer includes
liquid crystal molecules that are symmetrically
arranged by the first electric field distortion unit, and a
plurality of domains formed by the first and second
electric field distortion units.

2. The device of claim 1, wherein the second electric field
distortion unit is formed at a boundary region of at least one
of the plurality of domains that corresponds to the second
electric field distortion unit.

3. The device of claim 1, wherein the second electric field
distortion unit includes a first electric field distortion slit and
a second electric field distortion slit, and the first electric
field distortion slit includes a plurality of holes continuously
arranged at a certain interval.

4. The device of claim 3, wherein the first electric field
distortion slit is formed at a boundary region of at least one
of the plurality of domains that corresponds to the first
electric field distortion unit.

5. The device of claim 4, wherein the first electric field
distortion unit includes a first region corresponding to an
interval between any adjacent two of the plurality of holes,
and a second region corresponding to any one of the
plurality of holes forming the first electric field distortion
slit, the first region being narrower than the second region.

6. The device of claim 5, wherein the hole is formed such
that a vertical length of the hole is longer than a horizontal
length of the hole in a disposition direction of the hole.

7. The device of claim 6, wherein the interval between any
adjacent two of the plurality of holes is smaller than the
vertical length of the hole.

8. The device of claim 6, wherein the interval between any
adjacent two of the plurality of holes is the same as the
horizontal length of the hole.

9. The device of claim 6, wherein the interval between any
adjacent two of the plurality of holes is smaller than the
horizontal length of the hole.

10. The device of claim 1, wherein the first electric field
distortion unit is formed on the same plane on which the gate
lines are formed.
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11. The device of claim 10, wherein a gate insulation film
and a passivation film are formed between the first and
second electric field distortion units.

12. The device of claim 1, wherein the first electric field
unit is formed on the same plane on which the data lines are
formed.

13. The device of claim 12, further comprising a passi-
vation film that is formed between the first and second
electric field distortion units.

14. The device of claim 1, further comprising a color filter
and a black matrix that are formed on the second substrate.

15. The device of claim 1, wherein the first and second
electric field distortion units have a bent structure.

16. The device of claim 1, further comprising a connec-
tion pattern for electrically connecting the first electric field
distortion unit to adjacent pixels.

17. The device of claim 1, wherein if a pixel voltage
applied to the pixel electrode is a negative polarity voltage
(Vpoy) » @ minimum electric field distortion voltage (V,,;,,)
lower than the negative polarity pixel voltage (V,_,) is
applied to the first electric field distortion unit, and if the
pixel voltage applied to the pixel electrode is a positive
polarity voltage (V,,,), a maximum electric field distortion
voltage (V,,.,) higher than the positive pixel voltage (V)
is applied to the first electric field distortion unit.

18. The device of claim 1, wherein the first electric field
distortion unit is formed as an interconnection.

19. A method for fabricating a multi-domain liquid crystal
display (LCD) device comprising:

preparing a first substrate and a second substrate;

forming an electric field distortion pattern on the first
substrate;

forming a passivation film on the first substrate including
the electric field distortion pattern;

forming a pixel electrode having an electric field distor-
tion slit on the passivation film;

forming a common electrode on the second substrate; and

forming a liquid crystal layer between the first and second
substrates, wherein the liquid crystal layer is symmetri-
cally arranged by the electric field distortion pattern
and includes a plurality of domains generated by the
electric field distortion pattern and the electric field
distortion slit.

20. The method of claim 19, further comprising:

forming a gate line and a data line defining a pixel region
on the first substrate; and

forming a thin film transistor at a crossing of the gate line
and the data line.
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21. The method of claim 20, wherein the electric field
distortion pattern is formed when the gate line is formed.

22. The method of claim 20, wherein the electric field
distortion pattern is formed when the data line is formed.

23. A method for fabricating a multi-domain liquid crystal
display (LCD) device comprising:

preparing a first substrate and a second substrate, the first
substrate including gate and data lines to define a
plurality of pixel regions;

forming a first liquid crystal control electrode and a
second liquid crystal control electrode on the first
substrate;

forming a passivation film on the first substrate including
the plurality of liquid crystal control electrodes;

forming a first electric filed distortion slit and a second
electric field distortion slit on the passivation film, the
first electric field distortion slit having a plurality of
holes continuously disposed to be spaced apart at an
interval;

forming a common electrode on the second substrate; and

forming a liquid crystal layer including a symmetrical
arrangement based on the first liquid crystal control
electrode, and a plurality of domains by the first liquid
crystal control electrode and the first electric field
distortion slit.

24. The method of claim 23, further comprising:

forming a gate line and a data line defining a pixel region
on the first substrate; and

forming a thin transistor film at a crossing of the gate line
and the data line
25. The method of claim 24, wherein forming the first and
second liquid crystal control electrodes comprises:

forming the second liquid crystal control electrode dis-
posed along an outer edge of the pixel region; and

forming the first liquid crystal control electrode having a
first region corresponding to the interval between the
holes of the first electric field distortion slit and a
second region corresponding to the first electric field
distortion slit, the first region being narrower than the
second region.

26. The method of claim 24, wherein the first and second
liquid crystal control electrodes are formed simultaneously
when the gate line is formed.

27. The method of claim 24, wherein the first and second
liquid crystal control electrodes are formed simultaneously
when the data line is formed.
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