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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR FABRICATING THE SAME

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/167,881, which claims the benefit of the
Korean Patent Application No. P2004-050380, filed on Jun.
30, 2004, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly, to a liquid crystal display
device and a method for fabricating the same. Although the
present invention is suitable for a wide scope of applications,
it is particularly suitable for providing maximum liquid crys-
tal efficiency from all areas of a pixel.

[0004] 2. Discussion of the Related Art

[0005] Recently, as the capacity and performance of active
liquid crystal display devices are developing and a fast rate,
flat panel televisions, portable computers, monitors, and so on
are being used extensively. Among the active liquid crystal
display devices, twisted nematic (TN) liquid crystal display
devices are most generally used. In the twisted nematic liquid
crystal display device, an electrode is formed on each of two
substrates. Herein, the electrodes are aligned so that liquid
crystal directors are twisted to 90°. Then, voltage is applied to
the electrodes so as to operate the liquid crystal director.
[0006] The twisted nematic liquid crystal display device is
highly acknowledged for its excellent contrast and color rep-
resentation. However, the twisted nematic liquid crystal dis-
play device is disadvantageous in that it has a very narrow
viewing angle.

[0007] Inorder to overcome the problem of a narrow view-
ing angle of the twisted nematic liquid crystal display device,
an in-plane switching (IPS) mode liquid crystal display
device is used. In the IPS mode liquid crystal display device,
two electrodes are formed on a single substrate so that a
transverse electric field formed between the two electrodes
can control the liquid crystal director.

[0008] Thereafter, a fringe field switching (FFS) mode lig-
uid crystal display device has been proposed in order to
enhance the low aperture ratio and transmissivity of the IPS
mode liquid crystal display device. In the FFS mode liquid
crystal display device, a counter electrode and a pixel elec-
trode are formed of a transparent conductive material. And,
the counter electrode and the pixel electrode are formed to be
spaced apart at a close distance. A fringe field formed
between the counter electrode and the pixel electrode oper-
ates the liquid crystal molecules.

[0009] Hereinafter, the FFS mode liquid crystal display
device and the IPS mode liquid crystal display device ofa thin
film transistor (TFT) array panel will now be described in
detail.

[0010] FIG. 1 illustrates a plane view of a related art IPS
mode liquid crystal display device. And, FIG. 2 illustrates a
cross-sectional view taken along line I-I' of FIG. 3. FIG. 3
illustrates a plane view of a related art FFS mode liquid
crystal display device. And, FIG. 4 illustrates a cross-sec-
tional view taken along line II-IT' of FIG. 3.

[0011] Referring to FIG. 1 and FIG. 2, the IPS mode liquid
crystal display device includes a gate line 12 and a data line
15, a thin film transistor, and a common electrode 24 and a
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pixel electrode 17. The gate line 12 and the data line 15
perpendicularly cross one another so as to define a unit pixel.
The thin film transistor is formed at a crossing point (or
intersection) between the gate line 12 and the data line 15.
Then, the common electrode 24 and the pixel electrode 17 are
alternately formed so as to be parallel to one another. Herein,
a transverse electric field is generated between the common
electrode 24 and the pixel electrode 17. At this point, the
commor electrode 24 and a common line 25 are formed as a
single body, the common line 25 being parallel to the gate line
12. The common electrode 24 receives voltage from outside
of the active area.

[0012] As described above, the common electrode 24 and
the pixel electrode 17 are formed on the same substrate. Then,
the voltage is applied between the two electrodes so as to
generate a transverse electric field, which is parallel to the
substrate. Thus, the transverse electric field can rotate the
liquid crystal molecules, while the liquid crystal molecules
remain parallel to the substrate. The IPS mode liquid crystal
display device further includes an orientation layer, which is
formed on the inner surface of each substrate. The orientation
layer of the upper substrate and the orientation layer of the
lower substrate are rubbed so that each orientation direction is
parallel to one another.

[0013] Hereinafter, the method for fabricating the IPS
mode liquid crystal display device will now be described in
detail.

[0014] First ofall, a gate material is deposited on a substrate
11 and patterned. Then, a plurality of gate lines 12, gate
electrodes 12a, common lines 25, and common electrodes 24
are formed thereon. Subsequently, an insulating material is
deposited on the entire surface including the gate lines 12 so
as to form a gate insulating layer 13. Then, a layer of amor-
phous silicon (a-Si:H) is deposited on the gate insulating
layer 13 at a high temperature and patterned, thereby forming
a semiconductor layer 14 on the gate insulating layer 13
formed over the gate electrode 12a.

[0015] Thereafter, a low-resistance metal layer is deposited
on the semiconductor layer 14, thereby forming a plurality of
data lines 15, and source/drain electrodes 15a4/1556. Then, a
layer of inorganic insulating material or organic insulating
material is deposited on the entire surface including the data
lines 15, so as to form a protective layer 16. Afterwards, a
portion of the protective layer 16 is removed so as to form a
contact hole, which exposes the drain electrode 154.

[0016] Finally, a layer of transparent conductive material,
such as indium tin oxide (ITO) or indium zinc oxide (IZO), is
deposited on the protective layer 16 and patterned, thereby
forming the pixel electrode 17. The pixel electrode 17, which
is parallel to the common electrode 24, passes through the
contact hole and contacts the drain electrode 155. Subse-
quently, an orientation layer (not shown) is formed on the
pixel electrode 17, which is then oriented to a desired direc-
tion, thereby completing the IPS mode liquid crystal display
device. Generally, the IPS mode liquid crystal display device
maintains an orientation angle of 180° between the orienta-
tion layer of the upper substrate and the orientation layer of
the lower substrate, regardless of whether the orientation is
directed left-to-right or right-to-left.

[0017] However, the [PS mode liquid crystal display device
shows a transmissivity dispersion as shown in FIG. 2. More
specifically, in area 1, which is between the pixel electrode 17
and the common electrode 24, the liquid crystals 30 are tilted
due to the transverse electric field, thereby showing high
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transmissivity. In area 2, which is above the pixel electrode 17
and the common electrode 24, a portion of the liquid crystals
30is moved in a vertical direction, thereby causing a decrease
in transmissivity and brightness.

[0018] On theotherhand, referring to FIG. 3 andFIG. 4, the
FFS mode liquid crystal display device includes a gate line
512 and a common line 525, a thin film transistor, and a
plate-type counter electrode 524 and pixel electrode 517. The
gateline 512 and common line 525 are each formed of opaque
metal perpendicularly crossing one another, so as to define a
pixel. The thin film transistor switches the voltage on/off at
each intersection between the gate line 512 and common line
525. The plate-type counter electrode 524 and pixel electrode
517 are formed of transparent metal. The plate-type counter
electrode 524 and pixel electrode 517 are insulated by an
insulating layer and overlap one another within each pixel. At
this point, the counter electrode 524 and the common line 525
contact one another. The common line 525 is fixed to be
parallel to the gate line 512, thereby dividing the pixel to an
upper portion and a lower portion.

[0019] More specifically, the pixel electrode 517 is formed
of a transparent plate-type metal. A plurality of slits 560 is
formed to be vertically symmetrical to one another along the
axis of the common line 525. And, a fringe field is generated
between the counter electrode 524 and the pixel electrode
517. At this point, a Vcom signal is transmitted to the counter
electrode 524, and a pixel voltage, which passes through the
thin film transistor, is transmitted to the pixel electrode 517.
[0020] Each of'the slits 560 has a width within the range of
2to 6 micrometers (um). And, the liquid crystals are driven by
the fringe field generated between the pixel electrode 517 and
the counter electrode 524. In other words, when voltage is not
applied, the initially oriented liquid crystals rotate due to the
fringe field, thereby allowing light to pass through. The FFS
mode liquid crystal display device further includes an orien-
tation layer, which is formed on the inner surface of each of
the upper and lower substrates. The orientation direction
between the orientation layer of the upper substrate and the
orientation layer of the lower substrate maintains 900, which
is identical to the general TN mode liquid crystal display
device.

[0021] Hereinafter, the method for fabricating the FFS lig-
uid crystal display device will now be described in detail.
First of all, a transparent conductive material, such as ITO, is
deposited on the substrate 511 and patterned, so as to form a
counter electrode 524. A gate material is deposited on the
counter electrode 524 and patterned, thereby forming the gate
line 512 and the common line 525. A portion of the gate line
512 becomes the gate electrode. And, the gateline 512 and the
common line 525 are parallel to one another.

[0022] Thereafter, an insulating material is deposited on the
entire surface of the substrate having the counter electrode
524, the gate line 512, and the common line 525 formed
thereon, thereby forming a gate insulating layer 513. Then, a
semiconductor layer 514 is formed on a portion of the gate
insulating layer 513 above the gate electrode. Subsequently, a
data material is deposited on the entire surface of the structure
including the semiconductor layer 514 and patterned, so as to
form a data line 515, and source/drain electrodes 515a and
515b. Then, an insulating material is deposited on the entire
surface of the structure including the data line 515, thereby
forming a protective layer 516.

[0023] Finally, a transparent conductive material, such as
ITO, is deposited on the protective layer 516 and patterned, so
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as to form the pixel electrode 517 having a plurality of slits
560. Then, an orientation layer (not shown) is formed, which
is then oriented to a desired direction, thereby completing the
FFS mode liquid crystal display device. Generally, the FFS
mode liquid crystal display device maintains an orientation
angle of 90° between the orientation layer of the upper sub-
strate and the orientation layer of the lower substrate, regard-
less of the orientation direction.

[0024] However, the FFS mode liquid crystal display
device shows a transmissivity dispersion as shown in FIG. 4.
More specifically, inarea 1, which is above the pixel electrode
517, the liquid crystals 530 are tilted, thereby showing high
transmissivity. In area 2, which is above the edge portion of
the pixel electrodes 517 and above the slits formed between
the pixel electrodes 517, a portion of the liquid crystals 530 is
moved in a vertical direction, thereby causing a decrease in
transmissivity and luminance.

[0025] As described above, the related art liquid crystal
display device has the following disadvantages.

[0026] ThelPSmode liquid crystal display device, which is
twisted by 180° and rubbed, may yield a maximum liquid
crystal efficiency (0.8) in an area between the pixel electrode
and the common electrode. However, the liquid crystal effi-
ciency decreases noticeably (less than 0.4) in an area above
the pixel electrode and the common electrode.

[0027] Conversely, the FFS mode liquid crystal display
device, which is twisted by 90° as in the twisted nematic quid
crystal display device and rubbed, yields a high liquid crystal
efficiency (0.6 or more) above the electrodes. However, the
liquid crystal efficiency decreases either in the edge portion of
the pixel area or the slit area between the pixel electrodes.

SUMMARY OF THE INVENTION

[0028] Accordingly, the present invention is directed to a
liquid crystal display device and a method for fabricating the
same that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

[0029] The liquid crvstal display device and a method for
fabricating the same that can yield maximum liquid crystal
efficiency from all areas within the pixels by orienting the
liquid crystals in a manner that the liquid crystals are twisted
by 90° in an area above the electrodes and twisted by 180° in
an area in-between the electrodes.

[0030] A liquid crystal display device includes a gate line
and a data line crossing one another on a first substrate, so as
to define a pixel, a common line being substantially parallel to
the gate line, a counter electrode contacting the common line
and formed within the pixel, a pixel electrode insulated from
the counter electrode and having a plurality of slits, and a
second substrate facing into and adhered to the first substrate.
The device has a liquid crystal layer positioned between the
first substrate and the second substrate. The device also hav-
ing a first orientation layer formed on the first substrate and a
second orientation layer formed on the second substrate,
wherein either the first or second orientation layer is oriented
to be twisted by approximately 90° above the pixel electrode
and the other orientation layer is oriented to be twisted by
approximately 180° above the slit.

[0031] A method for fabricating a liquid crystal display
device is disclosed that includes fabricating a counter elec-
trode, a common line, and a gate line on a first substrate,
covering the gate line with a gate insulating layer, placing a
data line that crosses the gate line on the gate insulating layer,
covering the data line with a protective layer, placing a pixel
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electrode having a plurality of slits on the protective layer,
covering the pixel electrode with a first orientation layer, and
orienting a first pixel electrode area of the first orientation
layer to a first direction and a first slit area of the first orien-
tation layer to a second direction. The method may further
include forming a second orientation layer on a second sub-
strate facing into the first substrate and orienting a second
pixel electrode area of the second orientation layer to form an
angle of approximately 90° with the first direction and a
second slit area of the second orientation layer to form an
angle of approximately 180° with the second direction.

[0032] Itistobeunderstood 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

[0033] 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, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0034] FIG. 1 illustrates a plane view of a related art IPS
mode liquid crystal display device;

[0035] FIG. 2 illustrates a cross-sectional view taken along
line I-I' of FIG. 3;

[0036] FIG. 3 illustrates a plane view of a related art FFS
mode liquid crystal display device;

[0037] FIG. 4 illustrates a cross-sectional view taken along
line II-1I' of FIG. 3;

[0038] FIG. 5 illustrates a cross-sectional view of a liquid
crystal display device according to a first embodiment of the
present invention; and

[0039] FIG. 6 illustrates a cross-sectional view of a liquid
crystal display device according to a second embodiment of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0041] FIG. 5 illustrates a cross-sectional view of a liquid
crystal display device according to a first embodiment of the
present invention. And, FIG. 6 illustrates a cross-sectional
view of a liquid crystal display device according to a second
embodiment of the present invention.

[0042] Referring to FIG. 5, a thin film transistor array sub-
strate of a liquid crystal display device according to the
present invention includes a gate line 112 and a data line 115,
a common line 125, a counter electrode 124, and a pixel
electrode 117. The gate line 112 and the data line 115 cross
each other perpendicularly, thereby defining a pixel area, and
are insulated from one another by a gate insulating layer 113.
The common line 125 is parallel to the gate line 112. The
counter electrode 124 contacts the common line 125 and is
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formed in a plate-form within the pixel. Each pixel electrode
117 is insulated from the counter electrode 124 and has a
plurality of slits 160.

[0043] The thin film transistor array substrate 111 having
the above-described structure is adhered to a counter sub-
strate, which includes a black matrix and a color filter layer.
An orientation layer (not shown) is formed between the inner
surfaces of the thin film transistor array substrate and the
counter substrate, so as to control the initial alignment of the
liquid crystal molecules of the liquid crystal layer. The ori-
entationlayer is divided into a TN mode area and an IPS mode
area. In the TN mode area, the orientation angle twists the
liquid crystal molecules by 90°. And, in the IPS mode area,
the orientation angle twists the liquid crystal molecules by
180°. More specifically, the surface of the orientation layer
above the pixel electrode 117 is treated so that the liquid
crystal molecules are twisted by 90°. And, the surface of the
orientation layer corresponding to where the slits 160 are
formed between the pixel electrodes 117 is treated so that the
liquid crystal molecules are twisted by 180°.

[0044] Accordingly, when voltage is applied to the pixel
electrode 117 and the counter electrode 124, a fringe field is
generated between the pixel electrode 117 and the counter
electrode 124. Thus, as shown in FIG. 5, the liquid crystal
molecules 130 are driven to yield maximum efficiency. In
other words, by combining the portion yielding high liquid
crystal driving efficiency in the IPS mode with the portion
yielding high efficiency in the FFS mode, a maximum driving
efficiency can be provided.

[0045] The slits 160 of the pixel electrode are formed to be
symmetrical to one another along the axis of the common line
125, thereby aligning the liquid crystal directors in directions
opposite to one another. Accordingly, a multi-domain may be
created. In addition, a thin film transistor is provided at each
crossing point between the gate line 112 and the data lines
115, so as to control on/off switching of the voltage. The thin
film transistor includes a gate electrode, a gate insulating
layer 113, a semiconductor layer, and source/drain electrodes
115q and 1155. The gate electrode is branched from the gate
line 112, and the source/drain electrodes 115a and 1155 are
branched from the data line 115 and formed on the semicon-
ductor layer. The semiconductor layer is formed by serially
depositing an amorphous silicon (a-Si) layer and an n+a-Si
layer, wherein impurities are ion-injected within the amor-
phoussilicon (a-Si), on the gate insulating layer 113 above the
gate electrode.

[0046] The method for fabricating the liquid crystal display
device according to the present invention will now be
described in detail.

[0047] First of all, a transparent conductive matetial, such
as ITO or IZ0, is deposited on the entire surface of a substrate
111. Then, the layer of transparent conductive material is
patterned so that the material remains within the aperture of
each pixel, thereby forming the counter electrode 124. There-
after, a low-resistance metal, such as copper (Cu), aluminum
(Al), aluminum alloy (Aluminum Neodymium: AINd),
molybden (Mo), molybden-tungsten (MoW), and so on, is
deposited on an entire surface of the structure including the
counter electrode 124. Then, the metal layer is patterned so as
to form the gate line 112, the gate electrode, and the common
line 125. The gate line 112 is parallel to the common line 125,
and the counter electrode 124 contacts the common line 125.
[0048] Subsequently. an inorganic material, such as silicon
oxide (SiOx) or silicon nitride (SiNx), is deposited on the
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entire surface of the structure including the gate line 112 by
using a plasma enhanced chemical vapor deposition
(PECVD) method. Accordingly, the gate insulating layer 113
is formed. Then, the semiconductor layer is formed on a
portion of the gate insulating layer above the gate electrode.
Afterwards, a low-resistance metal, such as copper (Cu),
aluminum (Al), aluminum alloy (Aluminum Neodymium:
AINd), molybden (Mo), molybden-tungsten (MoW), and so
on, is deposited on an entire surface of the structure including
the semiconductor layer. Then, the metal layer is patterned so
as to form the data line 115, and the source/drain electrodes.
The data line 115 perpendicularly crosses the gate line 112,
thereby defining the pixel. And, the source/drain electrodes
are formed on the semiconductor layer, thereby completing
the thin film transistor.

[0049] Thereafter, either an inorganic material (e.g., a sili-
con nitride material or a silicon oxide material) is deposited or
an organic material (e.g., BCB or acrylic resin) is deposited
on the entire surface of the structure including the data line
115. Thus, a protective layer 116 is formed. The protective
layer 116 is then selectively removed, so as to expose the
drain electrode of the thin film transistor, thereby forming a
contact hole.

[0050] Then, a transparent conductive material such as ITO
or 170 is deposited on the entire surface of the structure
including the protective layer 116. The layer of transparent
conductive material is then patterned, so as to form the pixel
electrode having a plurality of slits. Afterwards, a first orien-
tation layer is formed on the entire surface of the structure
including the pixel electrode 117. The first orientation layer is
formed of one of polyimide, polyamide, and polysiloxane-
cinnamate. Thereafter, either the first orientation layer is
rubbed by using a printing roll, or light rays are irradiated
onto the first orientation layer by using UV irradiation,
thereby orienting the first orientation layer.

[0051] More specifically, the orientation direction of the
first area having the pixel electrode 117 formed thereon and
the orientation direction of the second area having the slits
formed by removing the pixel electrode 117 are different
from each other. The second area is covered with a mask, and
the liquid crystals of the second area are oriented in accor-
dance with the first area. And, the first area is covered with a
mask, and the liquid crystals of the first area are oriented in
accordance with the second area.

[0052] Similarly, in a second orientation layer formed on
the counter substrate, the orientation direction of the first area
having the pixel electrode 117 formed thereon and the orien-
tation direction of the second area having a plurality of slits
formed thereon are also different. After covering the second
area with a mask, the first area of the second orientation layer
is twisted by 90° as opposed to the first area of the first
orientation layer. Then, after covering the first area with a
mask, the second area of the second orientation layer is
twisted by 180° as opposed to the second area of the first
orientation layer. At this point, the orientation directions of
the first orientation layer and the second orientation layer may
be decided without any restriction. Moreover, before forming
the second orientation layer on the counter substrate, a black
matrix for preventing the leaking of light and R, G, and B
color filter layers for representing colors are further included
in the structure. Finally, after adhering the two oriented sub-
strates to face into each other, a liquid crystal layer is formed
between the substrates, thereby completing the liquid crystal
display device.
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[0053] Referring to FIG. 6, a counter electrode 150 may be
additionally formed on the counter substrate. After forming
the counter electrode 150, either a Vcom signal or a pixel
voltage is applied, thereby generating a vertical electric field
between one of the pixel electrode 117 and the counter elec-
trode 124 of the thin film transistor array substrate 111 and the
counter electrode 150 of the counter substrate. The vertical
electric field formed herein enhances the vertical electric field
generated from the liquid crystal display device.

[0054] As described above, the liquid crystal display device
and the method for fabricating the same according to the
present invention have the following advantages.

[0055] By orienting the liquid crystals in a manner that the
liquid crystals are twisted by 90° in the area above the elec-
trodes and twisted by 180° in the area between the electrodes,
the liquid crystals placed above the electrode are driven by the
TN mode, and the liquid crystals placed above the area in-
between the electrodes are driven by the IPS mode. Thus, the
liquid crystal display device can yield a maximum liquid
crystal driving efficiency from all areas within the pixel.
Accordingly, the overall transmissivity and brightness cam be
increased, thereby enhancing the picture quality of the liquid
crystal display device.

[0056] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A method for fabricating a liquid crystal display device,
comprising:

forming a first counter electrode on a first substrate;

forming a common line on the first substrate including the

first counter electrode and a gate line on the first sub-
strate;

forming a gate insulating layer above the first substrate that

covers the gate line;

forming a data line that crosses the gate line on the gate

insulating layer;

forming a thin film transistor at a crossing-portion of the

gate line and the data line;

forming a protective layer above the gate insulating layer

that covers the data line;

forming a pixel electrode having a plurality of slits on the

protective layer;

forming a first orientation layer above the protective layer

that covers the pixel electrode;

forming a second orientation layer on a second substrate

facing into the first substrate; and

orienting the first and second orientation layers to be

twisted by approximately 90° above the pixel electrode,
and orienting the first and second orientation layers to be
twisted by approximately 180° above the slits.

2. The method of claim 1, wherein the first counter elec-
trode and the pixel electrode are formed of a transparent
conductive material.

3. The method of claim 1, wherein the orienting of the first
and second orientation layers comprises: orienting a first
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pixel electrode area of the first orientation layer to a first
direction and a first slit area of the first orientation layer to a
second direction; and orienting a second pixel electrode area
of the second orientation layer to form an angle of approxi-
mately 90° with the first direction and a second slit area of the
second orientation layer to form an angle of approximately
180° with the second direction.

Mar. 19, 2009

4. The method of claim 1, wherein the first and second
orientation layers are oriented by rubbing or by irradiating
light rays.

5. The method of claim 1, further comprising; forming a
second counter electrode on the second substrate prior to
forming the second orientation layer on the second substrate.
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