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&) ABSTRACT

A liquid crystal display device includes a first substrate and
a second substrate, a gate line and a data line on the first
substrate, and crossing each other to define a pixel region, a
thin film transistor electrically connected to the gate and data
lines, a pixel electrode in the pixel region, the pixel electrode
electrically connected to the thin film transistor and having
a plurality of slits, an auxiliary electrode on the first sub-
strate, and the auxiliary including a first portion correspond-
ing to a circumference of the pixel electrode and a second
portion of a zigzag shape in the first portion, a common
electrode on the second substrate, and an organic pattern on
the common electrode, the organic pattern including a first
part corresponding to a circumference of the pixel electrode
and a plurality of second parts between adjacent slits,
wherein the auxiliary electrode overlaps the plurality of slits
and the organic pattern.
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LIQUID CRYSTAL DISPLAY DEVICE AND ARRAY
SUBSTRATE FOR THE SAME

[0001] This application claims the benefit of Korean
Patent Application No. 2002-88534, filed in Korea on Dec.
31, 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 having a wide viewing angle
and an array substrate for the same.

[0004] 2. Discussion of the Related Art

[0005] In general, a liquid crystal display (LCD) device
utilizes an optical anisotropy and birefringence properties of
liquid crystal molecules to display images. The liquid crystal
display (LCD) device usually has first and second substrates
spaced apart from and opposing each other. The first and
second substrates respectively have electrodes for forming
an electric field between the electrodes. That is, if voltage is
applied to the electrodes of the liquid crystal display (LCD)
device, an electric field is formed between the electrodes and
the electric field changes alignments of the liquid crystal
molecules. The changed alignments of the liquid crystal
molecules control a light transmittance through the liquid
crystal and thus images can be displayed by controlling the
light transmittance through the liquid crystal.

[0006] FIG. 1is an exploded perspective view of a related
art liquid crystal display (LCD) device. In FIG. 1, a liquid
crystal display (LCD) device 11 has an upper substrate 5
having a black matrix 6, a color filter layer 8, and a common
electrode 18 on the color filter layer 8, and a lower substrate
22 having a thin film transistor T and a pixel electrode 17
connected to the thin film transistor T. The color filter layer
8 has sub-color filters of red (R), green (G) and blue (B), and
the black matrix 6 is formed between the sub-color filters. A
plurality of pixel regions P is defined on the lower substrate
22 and array lines are formed around the pixel region P.
Liquid crystal 14 is interposed between the upper and lower
substrates 5 and 22. A gate line 13 is formed in a first
direction and a data line 15 is formed in a second direction
perpendicular to the first direction. The gate and data lines
13 and 15 define the pixel region P by crossing each other
and the thin film transistor T is formed near crossing portion
of the gate and data lines 13 and 15. The thin film transistors
“T” are formed in a matrix form on the lower substrate 22,
i.e., an array substrate. The pixel electrode 17 is formed of
transparent conductive metal material such as indium tin
oxide (ITO) in the pixel region “P. A storage capacitor C
connected to the pixel electrode 17 in parallel is formed over
the gate line 13. A portion of the gate line 13 serves as a first
storage electrode and a metal layer formed of the same
material as source and drain electrodes serves as a second
storage electrode. The metal layer contacts the pixel elec-
trode 17 to receive a signal from the pixel electrode 17.
Because liquid crystal molecules are aligned by an electric
field formed between the common and pixel electrodes 18
and 17, the liquid crystal display (LCD) device (specially
TN (twisted nematic) mode liquid crystal display (LCD)
device) has a narrow viewing angle. To overcome the
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aforementioned problem, a method to improve a viewing
angle by dividing the pixel region into many domains, in
which the liquid crystal molecules in one of the domains
have a symmetric orientation to the orientation of the liquid
crystal molecules in a next domain, has been suggested. A
structure of the liquid crystal display (LCD) device to
improve the viewing angle will be described hereinafter with
reference to FIG. 2.

[0007] FIG. 2 is a plan view of a related art liquid crystal
display (LCD) device having a multi-domain structure. In
FIG. 2, a gate line 52 is formed in a first direction on a
substrate 50, which may be a lower substrate of the LCD
device, and a data line 54 crossing the gate line 52 is formed
in a second direction. The gate line 52 and the data line 54
define a pixel region P. At the crossing the gate line 52 and
the data line 54, a thin film transistor T having a gate
electrode 36, an active layer 58, a source electrode 60 and a
drain electrode 62 is formed. A pixel electrode 64 connected
to the drain electrode 62 is formed in the pixel region P, and
the pixel electrode 64 includes a slit S, which is formed by
removing the pixel electrode 64 along a diagonal of the pixel
electrode 64 and divides the pixel region P into two parts. A
sub-electrode 66 is formed corresponding to the slit S.

[0008] Meanwhile, an organic pattern 80 is formed in a
peripheral area of the pixel region P, and the organic pattern
80 is disposed on an upper substrate (not shown), which
includes a common electrode (not shown).

[0009] Here, the organic pattern 80 and the slit S distort
electric field perpendicularly induced between the pixel
electrode 64 and the common electrode, and the sub elec-
trode 66 increases distortion of the electric field. At this time,
although not shown in the figure, a first alignment layer over
the lower substrate 50 and a second alignment layer over the
upper substrate are rubbed such that rubbing directions of
the alignment layers are at 90 degrees to each other, wherein
the rubbing direction of the first alignment layer is at 45
degrees to the data line 54.

[0010] Therefore, in the related art LCD device, electric
field is induced symmetrically with respect to the slit S, and
the liquid crystal molecules are arranged along the symmet-
ric electric field.

[0011] The liquid crystal molecules in left and right sides
Al and B1 of the pixel region P are parallel to electric field,
and thus are stable. Also, the liquid crystal molecules in
upper and lower sides A2 and B2 of the pixel region P are
stable, though the liquid crystal molecules are arranged in
the opposite direction to the liquid crystal molecules in the
left and right sides Al and Bl of the pixel region P and go
away from the electric field.

[0012] In the LCD device, two domains, which are sepa-
rated by the slit S and where the liquid crystal molecules are
differently arranged, are formed in the pixel region P, and
each domain, also, includes two arcas of Al and A2 or Bl
and B2, for example. Accordingly, stability in arrangement
of the liquid crystal molecules is lowered. Additionally, light
leakage and residual images occur due to the low arranging
stability of the liquid crystal molecules, and spots happen
when the LCD device is touched by weak force.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to a
liquid crystal display (LCD) device and an array substrate
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for the same that substantially obviates one or more of
problems due to limitations and disadvantages of the related
art.

[0014] An advantage of the present invention is to provide
a liquid crystal display (LCD) device and an array substrate
for the same that have a wide viewing angle.

[0015] Another advantage of the present invention is to
provide a liquid crystal display (LCD) device and an array
substrate for the same that include multi-domains where
liquid crystal molecules are symmetrically arranged.

[0016] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be apparent from the description, or may be
learned by practice of the invention. The objectives and
other advantages of the invention will be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

[0017] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a liquid crystal display
device includes a first substrate and a second substrate, a
gate line and a data line on the first substrate, and crossing
each other to define a pixel region, a thin film transistor
electrically connected to the gate and data lines, a pixel
electrode in the pixel region, the pixel electrode electrically
connected to the thin film transistor and having a plurality of
slits, an auxiliary electrode on the first substrate, and the
auxiliary electrode including a first portion corresponding to
a periphery of the pixel electrode and a second portion of a
zigzag shape in the first portion, a common electrode on the
second substrate, and an organic pattern on the common
electrode, the organic pattern including a first part corre-
sponding to a circumference of the pixel electrode and a
plurality of second parts between adjacent slits, wherein the
auxiliary electrode overlaps the plurality of slits and the
organic pattern.

[0018] In another aspect, a liquid crystal display device
includes a first substrate and a second substrate, a gate line
and a data line on the first substrate, and crossing each other
to define a pixel region, a thin film transistor electrically
connected to the gate and data lines, a pixel electrode in the
pixel region, the pixel electrode electrically connected to the
thin film transistor and having a plurality of slits parallel to
the gate line, wherein the plurality of slits divides the pixel
region into a plurality of areas, an auxiliary electrode on the
first substrate, the auxiliary electrode including vertical
portions and horizontal portions, the vertical portions cor-
responding to left and right sides of the pixel electrode, the
horizontal portions corresponding to the plurality of slits, a
common electrode on the second substrate, and a plurality of
organic patterns on the common electrode, each organic
pattern diagonally disposed in each area.

[0019] In another aspect, an array substrate for a liquid
crystal display device includes a substrate, a gate line and a
data line on the substrate, and crossing each other to define
a pixel region, a thin film transistor electrically connected to
the gate and data lines, a pixel electrode in the pixel region,
the pixel electrode electrically connected to the thin film
transistor and having a plurality of slits, and an auxiliary
electrode on the first substrate, and including a first portion
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corresponding to a periphery of the pixel electrode and a
second portion of a zigzag shape in the first portion, the
second portion overlapping the plurality of slits.

[0020] In another aspect, an array substrate for a liquid
crystal display device includes a substrate, a gate line and a
data line on the first substrate, and crossing each other to
define a pixel region, a thin film transistor electrically
connected to the gate and data lines, a pixel electrode in the
pixel region, the pixel electrode electrically connected to the
thin film transistor and having a plurality of slits parallel to
the gate line, wherein the plurality of slits divides the pixel
region into a plurality of areas, and an auxiliary electrode on
the first substrate, the auxiliary electrode including vertical
portions and horizontal portions, the vertical portions cor-
responding to left and right sides of the pixel electrode, the
horizontal portions corresponding to the plurality of slits.

[0021] Tt is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] 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.

[0023]

[0024] FIG.11is an exploded perspective view of a related
art liquid crystal display (LCD) device;

[0025] FIG. 2 is a plan view of a related art liquid crystal
display (LCD) device having a multi-domain structure;

[0026] FIG. 3 is a plan view of a liquid crystal display
(LCD) device according to a first embodiment of the present
invention;

[0027] FIG. 4 is a cross-sectional view along the line
IV-1V of FIG. 3;

[0028] FIG. 5 is a plan view of a liquid crystal display
(LCD) device according to a second embodiment of the
present invention; and

[0029] FIG. 6 is a cross-sectional view along the line
VI-VI of FIG. 5.

In the drawings:

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0030] Reference will now be made in detail to the illus-
trated embodiments of the present invention, which are
illustrated in the accompanying drawings.

[0031] FIG. 3 is a plan view of a liquid crystal display
(LCD) device according to a first embodiment of the present
invention, and FIG. 4 is a cross-sectional view along the line
IV-IV of FIG. 3.

[0032] InFIGS.3and 4, a gate line 102 is formed in a first
direction on a lower substrate 100 and a data line 104 is
formed in a second direction substantially perpendicular to
the first direction. The gate and data lines 102 and 104 define
a pixel region P by crossing each other. A thin film transistor
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T including a gate electrode 106, a semiconductor 108, a
source electrode 110 and a drain electrode 112 is formed at
the crossing of the gate line 102 and the data line 104. The
semiconductor layer 108 is extended under the data line 104
to improve contact properties with the data line 104. The
source electrode 110 and the drain electrode 112 have a
U-shape and a rod shape, respectively, and are spaced apart
from each other. Thus, the source electrode 110 and the drain
electrode 112 form a channel of a U-shape. The U-shape
channel increases a channel width and decreases a channel
length to improve carrier mobility of the thin film transistor
T.

[0033] A pixel electrode 114 connected to the drain elec-
trode 112 is formed in the pixel region P. The pixel electrode
114 has a plurality of slits S, which are inclined at about 135
degrees with respect to the gate line 102 formed horizontally
in the context of the figure and spaced apart from each other.
The slits S are formed by removing portions of the pixel
electrode 114.

[0034] An organic pattern 204 is formed on an upper
substrate 200. The organic pattern 204 corresponds to the
periphery of the pixel electrode 114 and also includes parts
disposed between the slits S. Thus, the slits S and the organic
pattern 204 form a zigzag shape in a plan view. Here, a
common electrode 202 is formed between the upper sub-
strate 200 and the common electrode 202.

[0035] Meanwhile, in FIG. 4, reference numerals 111 and
113 designate a gate insulating layer and a passivation layer,
respectively.

[0036] An auxiliary electrode 116 is formed on the lower
substrate 110 corresponding to the organic pattern 204 and
the slits S. The auxiliary electrode 116 may be made of the
same material as the gate line 102 and the gate electrode 106,
even though the auxiliary electrode 116 receives different
signal from the gate line 102 and the gate electrode 106. The
auxiliary electrode 116 may be formed of the same material
as the source and drain electrodes 110 and 112. Additionally,
the auxiliary electrode 116 and the pixel electrode 114
overlapping each other may function as a storage capacitor.

[0037] Accordingly, the pixel region P includes at least
three portions, each of which is composed of two domains
having symmetric directions C and D of electric field. Here,
arubbing direction G of an alignment layer (not shown) over
the lower substrate 100 may be substantially parallel to the
slits S, that is, inclined at about 135 degrees with respect to
the gate line 102.

[0038] In addition, to increase distorting effect of electric
field by the slits S, the liquid crystal molecules may be
arranged at a right angle with the slits S. At this time, if
chiral dopants, which are right handed such that the liquid
crystal molecules rotate in an opposite direction, are added,
the liquid crystal molecules may be stably arranged.

[0039] Driving states of the liquid crystal molecules in the
domains F1, F2, F3, F4 will be described hereinafter.

[0040] In a first domain F1, the liquid crystal molecules
rotate from about 135 degrees to about 90 degrees with
respect to the gate line 102 by the distorted electric field
between the pixel electrode 114 and the common electrode
202. In a second domain F2, the liquid crystal molecules
rotate from about 315 degrees to about 270 degrees with
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respect to the gate line 102. Meanwhile, the liquid crystal
molecules in a third domain F3 rotate from about 90 degrees
to about 45 degrees, and the liquid crystal molecules in a
fourth domain F4 rotate from about 270 degrees to about 225
degrees with respect to the gate line 102.

[0041] Thus, average directions of the liquid crystal mol-
ecules are symmetric in the upper and lower sides and in the
left and right sides. The liquid crystal molecules rotate
without obstructions, and a 2-domain TN (twisted nematic)
mode, where arrangement of the liquid crystal molecules is
very stable, can be achieved.

[0042] FIG. 5 is a plan view of a liquid crystal display
(LCD) device according to a second embodiment of the
present invention, and FIG. 6 is a cross-sectional view along
the line VI-VI of FIG. 3.

[0043] InFIGS. 5and 6, a gate line 302 is formed in a first
direction on a lower substrate 300 and a data line 304 is
formed in a second direction substantially perpendicular to
the first direction. The gate and data lines 302 and 304 define
a pixel region P by crossing each other. A thin film transistor
T having a gate electrode 304, a semiconductor layer 308, a
source electrode 310 and a drain electrode 312 is formed at
the crossing of the gate and data lines 302 and 304. The
source electrode 310 and the drain electrode 312 may have
a U-shape and a rod shape, respectively, and are spaced apart
from each other. Thus, the source electrode 310 and the drain
electrode 312 form a channel of a U-shape. The U-shape
channel increases a channel width and decreases a channel
length to improve carrier mobility of the thin film transistor
T.

[0044] A pixel electrode 314 connected to the drain elec-
trode 312 is formed in the pixel region P. The pixel electrode
314 has a plurality of slits S, which are parallel with the gate
line 302 and spaced apart from each other. The slits S are
formed by removing portions of the pixel electrode 114.

[0045] Organic patterns 404 are formed on an upper
substrate 400. The organic patterns 404 are disposed
between the slits S, and in more detail, in several areas of the
pixel region P divided by the slits S, and are inclined at an
angle within a range of about 30 degrees to about 45 degrees
with respect to the gate line 302. A common electrode 402
is formed between the upper substrate 400 and the organic
patterns 404.

[0046] In FIG. 6, symbols 311 and 313 designate a gate
insulating layer and a passivation layer, respectively.

[0047] An auxiliary clectrode 316 is formed on the lower
substrate 310. The auxiliary electrode 316 consists of hori-
zontal parts 316a corresponding to the slits S and vertical
parts 3165 corresponding to left and right sides of the pixel
electrode 314. The auxiliary electrode 316 may be made of
the same material as the gate line 302 and the gate electrode
306, even though the auxiliary electrode 316 receives dif-
ferent signal from the gate line 302 and the gate electrode
306. The auxiliary electrode 316 may be formed of the same
material as the source and drain electrodes 310 and 312. The
auxiliary electrode 316 and the pixel electrode 314 overlap-
ping each other may function as a storage capacitor. The
vertical parts 316b of the auxiliary electrode 316, also,
overlap both sides of the data line 304.

[0048] Meanwhile, a connection electrode 317 may be
formed to connect the auxiliary electrodes 316 of the adja-
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cent pixel regions P. The connection electrode 317 corre-
sponds to one of the organic patterns 404.

[0049] Accordingly, the pixel region P includes three
portions, each of which is composed of two domains having
symmetric directions C and D of electric field. Here, a
rubbing direction G of an alignment layer (not shown) over
the lower substrate 300 is substantially parallel to the
direction of the organic patterns 404, that is, inclined at an
angle within a range of about 30 degrees to about 45 degrees
with respect to the gate line 302. An alignment layer (not
shown) over the upper substrate 400 is rubbed substantially
perpendicularly to the rubbing direction G of the alignment
over the lower substrate 300.

[0050] In addition, to increase distorting effect of electric
field by the slits S, the liquid crystal molecules may be
arranged at a right angle with the slits S. At this time, if
chiral dopants, which are right handed such that the liquid
crystal molecules rotate in an opposite direction, are added,
the liquid crystal molecules may be stably arranged.

[0051] Inthe LCD device, average directions of the liquid
crystal molecules are symmetric in the upper and lower sides
and in the left and right sides. The liquid crystal molecules
rotate without obstructions, and a 2-domain TN (twisted
nematic) mode, where arrangement of the liquid crystal
molecules is very stable, can be achieved.

[0052] Additionally, the LCD device has a wide viewing
angle due to the 2 domains.

[0053] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
fabrication and application 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 liquid crystal display device, comprising:

a first substrate and a second substrate;

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

a thin film transistor electrically connected to the gate and
data lines;

a pixel electrode in the pixel region, the pixel electrode
electrically connected to the thin film transistor and
having a plurality of slits;

an auxiliary electrode on the first substrate, the auxiliary
electrode including a first portion corresponding to a
periphery of the pixel electrode and a second portion of
a zigzag shape in the first portion;

a common electrode on the second substrate; and

an organic pattern on the common electrode, the organic
pattern including a first part corresponding to a periph-
ery of the pixel electrode and a plurality of second parts
between adjacent slits,

wherein the auxiliary electrode overlaps the plurality of
slits and the organic pattern.
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2. The device according to claim 1, wherein the plurality
of slits is inclined at about 135 degrees with respect to the
gate line.

3. The device according to claim 1, wherein the auxiliary
electrode is formed of the same material as the gate line.

4. The device according to claim 1, wherein the auxiliary
electrode is formed of the same material as the data line.

5. The device according to claim 1, further comprising an
alignment layer on the first substrate, the alignment layer
rubbed substantially parallel to the plurality of slits.

6. A liquid crystal display device, comprising:

a first substrate and a second substrate;

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

a thin film transistor electrically connected to the gate and
data lines;

a pixel electrode in the pixel region, the pixel electrode
electrically connected to the thin film transistor and
having a plurality of slits parallel to the gate line,
wherein the plurality of slits divides the pixel region
into a plurality of areas;

an auxiliary electrode on the first substrate, the auxiliary
electrode including vertical portions and horizontal
portions, the vertical portions corresponding to left and
right sides of the pixel electrode, the horizontal por-
tions corresponding to the plurality of slits;

a common electrode on the second substrate; and

a plurality of organic patterns on the common electrode,
each organic pattern diagonally disposed in a respective
one of the plurality of areas.

7. The device according to claim 6, wherein the plurality
of organic patterns is inclined at an angle within a range of
about 30 degrees to about 45 degrees with respect to the gate
line.

8. The device according to claim 6, further comprising a
connection electrode connecting the auxiliary electrodes in
the adjacent pixel regions.

9. The device according to claim 6, wherein the auxiliary
electrode is formed of the same material as the gate line.

10. The device according to claim 9, wherein the vertical
portions of the auxiliary electrode overlap the data line.

11. The device according to claim 6, wherein the auxiliary
electrode is formed of the same material as the data line.

12. An array substrate for a liquid crystal display device,
comprising:

a substrate;

a gate line and a data line on the substrate, and crossing
each other to define a pixel region;

a thin film transistor electrically connected to the gate and
data lines;

a pixel electrode in the pixel region, the pixel electrode
electrically connected to the thin film transistor and
having a plurality of slits; and

an auxiliary electrode on the first substrate, and including
a first portion corresponding to a periphery of the pixel
electrode and a second portion of a zigzag shape in the
first portion, the second portion overlapping the plu-
rality of slits.
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13. The array substrate according to claim 12, wherein the
plurality of slits is inclined at about 135 degrees with respect
to the gate line.

14. The array substrate according to claim 12, wherein the
auxiliary electrode is formed of the same material as the gate
line.

15. The array substrate according to claim 12, wherein the
auxiliary electrode is formed of the same material as the data
line.

16. The array substrate according to claim 12, wherein the
thin film transistor has a channel of a U-shape.

17. An array substrate for a liquid crystal display device,
comprising:

a substrate;

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

a thin film transistor electrically connected to the gate and
data lines;

a pixel electrode in the pixel region, the pixel electrode
electrically connected to the thin film transistor and
having a plurality of slits parallel to the gate line,
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wherein the plurality of slits divides the pixel region
into a plurality of areas; and

an auxiliary electrode on the first substrate, the auxiliary
electrode including vertical portions and horizontal
portions, the vertical portions corresponding to left and
right sides of the pixel electrode, the horizontal por-
tions corresponding to the plurality of slits.

18. The array substrate according to claim 17, further
comprising a connection electrode connecting the auxiliary
electrodes in the adjacent pixel regions.

19. The array substrate according to claim 17, wherein the
auxiliary electrode includes the same material as the gate
line.

20. The array substrate according to claim 19, wherein the
vertical portions of the auxiliary electrode overlap the data
line.

21. The array substrate according to claim 17, wherein the
auxiliary electrode includes the same material as the data
line.

22.The array substrate according to claim 17, wherein the
thin film transistor has a channel of a U-shape.

* ok %k
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