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(57) ABSTRACT

An LCD device is disclosed in which column spacers for a
cell gap are arranged between gate and common lines to
reduce a contact area between the column spacers and an
opposing substrate, and a stable cell gap is maintained over
the whole panel by reducing variation of a thickness per area
of a thin film transistor (TFT) substrate corresponding to the
column spacers. The LCD device includes first and second
substrates facing each other, gate and data lines formed on
the first substrate to cross each other, and pixel regions, a
thin film transistor formed in each portion where the gate
and data lines cross, common and pixel electrodes alter-
nately formed in the pixel regions, common lines formed
adjacent to the gate lines substantially parallel to the gate
lines, a first column spacer formed on the second substrate
corresponding to a portion between the gate line and the
common line, and a liquid crystal layer filled between the
first and second substrates.
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FIG. 1
Related Art
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FIG. 3A
Related Art
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Korean
Patent Application No. 10-2004-116284, filed on Dec. 30,
2004, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to an LCD
device in which column spacers for a cell gap are arranged
between gate and common lines to reduce a contact area
between the column spacers and an opposing substrate, and
a stable cell gap is maintained over the whole panel by
reducing variation of a thickness per area of a thin film
transistor (TFT) substrate corresponding to the column
spacers.

[0004] 2. Discussion of the Related Art

[0005] A related art LCD device will be described with
reference to the accompanying drawings.

[0006] FIG.1 is an exploded perspective view illustrating
a related art LCD device.

[0007] As shown in FIG. 1, the related art LCD device
includes a first substrate 1, a second substrate 2, and a liquid
crystal layer 3 formed between the first and second sub-
strates 1 and 2 by injection.

[0008] In more detail, the first substrate 1 includes a
plurality of gate lines 4 arranged along a first direction at
fixed intervals, and a plurality of data lines 5 arranged along
a second direction perpendicular to the first direction at fixed
intervals. A plurality of pixel electrodes 6 are arranged in a
matrix-type configuration within pixel regions P defined by
crossing the gate and data lines 4 and 5. The first substrate
1 also includes a plurality of TFTs T formed at respective
areas where the gate lines 4 cross the data lines 5 to transmit
data signals from the data lines to the respective pixel
electrodes according to gate pulse signals supplied to the
gate lines.

[0009] Also, the second substrate 2 includes a black
matrix layer 7 that blocks light from portions of the first
substrate 1 except the pixel regions P, an R/G/B color filter
layer 8 for displaying various colors, and a common elec-
trode 9 for producing the image on the color filter layer 8.

[0010] In the aforementioned LCD device, the liquid
crystal layer 3 is aligned by an electric field generated
between the pixel electrode 6 and the common electrode 9.
Light irradiated through the liquid crystal layer 3 may be
controlled by the alignment direction of the liquid crystal
layer 3, thereby displaying the image.

[0011] This kind of LCD device is referred to as a twisted
nematic (TN) mode LCD device, which has disadvanta-
geous characteristics such as a narrow viewing angle. In
order to overcome the narrow viewing angle, an In-Plane
switching (IPS) mode LCD device has been actively devel-
oped.

[0012] 1Inthe IPS mode LCD device, a pixel electrode and
a common electrode are formed in a pixel region parallel to
each other at a fixed interval therebetween, an electric fleld

1. Field of the Invention
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parallel to the substrates develops between the pixel elec-
trode and the common electrode, thereby aligning the liquid
crystal layer according to the electric field parallel to the
substrates.

[0013] Meanwhile, a method of manufacturing a related
art LCD device is classified into a liquid crystal injection
method and a liquid crystal dispensing method depending
upon a method of forming a liquid crystal layer between a
first substrate and a second substrate.

[0014] First, the method of manufacturing the LCD device
according to the liquid crystal injection method will be
described as follows.

[0015] AnLCD panel and a container having liquid crystal
material therein are provided in a chamber, and the chamber
is evacuated. Moisture and air bubbles in the liquid crystal
material and the container are simultancously removed, and
an inside space of the LCD panel is maintained in a vacuum
state.

[0016] Then, an injection inlet of the LCD panel is dipped
into the container having the liquid crystal material in the
vacuum state, and the vacuum state inside the chamber is
brought to atmospheric pressure. Thus, the liquid crystal
material is injected into the LCD panel through the injection
inlet by a pressure difference between the inside of the LCD
panel and the chamber.

[0017] However, the method of manufacturing the LCD
device by the liquid crystal injection method has the fol-
lowing disadvantages.

[0018] First, after cutting a large sized glass substrate into
the respective LCD panel regions, the injection inlet is
dipped into the container having the liquid crystal material
while maintaining the vacuum state between the two sub-
strates. The process of injecting liquid crystal material
between the two substrates is slow thereby lowering yield.

[0019] Also in the case of forming a large sized LCD
device, it is difficult to completely inject the liquid crystal
material into the inside of the LCD panel, thereby causing
failure due to incomplete injection of the liquid crystal
material.

[0020] Furthermore, the process of the liquid crystal mate-
rial is slow and a large space is required for the liquid crystal
injection device.

[0021] In order to overcome the problems with the liquid
crystal injection method, the liquid crystal dispensing
method has been developed. In the dispensing method, two
substrates are bonded to each other after dispensing liquid
crystal material on any one of the two substrates.

[0022] In this method, it is impossible to use ball spacers
for maintaining a cell gap between the two substrates since
the ball spacers move in the spreading direction of liquid
crystal material.

[0023] Thus, instead of the ball spacers, patterned spacers
or column spacers are fixed to any one of the two substrates
to maintain the cell gap between the two substrates.

[0024] FIG. 2A is a structural sectional view illustrating a
color filter substrate provided with column spacers, and
FIG. 2B is a structural sectional view illustrating the state
when a TFT substrate 1s bonded to the color filter substrate.
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[0025] As shown in FIG. 2A, the column spacers 20 are
formed on a black matrix layer (not shown) of the color filter
substrate 2. In this case, each of the column spacers 20 has
a height “h”.

[0026] As shown in FIG. 2B, if the color filter substrate 2
provided with the column spacers 20 is arranged to oppose
the TFT substrate 1 and is bonded to the TFT substrate 1, the
column spacers 20 are contracted at a height “h” represent-
ing a height of a cell gap due to pressure generated when
bonding the substrates together.

[0027] As shown in FIG. 2A and FIG. 2B, the column
spacers 20 within a panel 10 bonding the substrates together
are pressed at a thickness h-h' according to the pressure
during bonding and contracted at the height “h™ of the cell
gap.

[0028] As described above, the LCD device including the
column spacers has a relatively large contact area with an
opposing substrate (TFT substrate) unlike the ball spacers,
thereby causing a great frictional force due to the increase in
the contact area to the substrate. Accordingly, in a case
where the screen of the LCD device having the column
spacets is rubbed, spots may be generated on the screen for
a long time.

[0029] FIG. 3A and FIG. 3B are a plan view and a
cross-sectional view illustrating the spots generated on the
screen by touching the LCD panel.

[0030] As shown in FIG. 3A, if the LCD panel 10 is
continuously touched with a finger or pen along a predeter-
mined direction, the second substrate 1 of the LCD panel 10
is shifted at a predetermined interval along the touched
direction as shown in FIG. 3B. At this time, the second
substrate 1 is not restored to the original state for a long time.
In this case, liquid crystal molecules 3 touched with a finger
or pen are dispersed and the liquid crystal molecules 3 are
gathered in the region around the touch portion. For this
reason, a cell gap hl corresponding to the region where the
liquid crystal molecules are gathered is higher than a cell gap
h2 of the remaining portions, thereby generating a touch
defect that represents spots around the touch portion due to
surplus and shortage of the liquid crystal molecules.

[0031] The touch defect is generated in the LCD device
provided with the column spacers because the column
spacers are fixed to one substrate and are in contact with
another opposing substrate in a surface type to form a
relatively large contact area unlike the globular ball spacers.

[0032] Consequently, the aforementioned related art LCD
device has the following disadvantages.

[0033] First, in the related art LCD device provided with
the column spacers, when the LCD panel is touched while
being pressed in a predetermined direction, the substrates
shifted in opposing directions are not restored to the original
state or it takes a long time even if they are restored to the
original state. For this reason, light leakage occurs in a
portion where the liquid crystal molecules are pushed from
the touch portion during a restoring time. It is noted that such
a touch defect is caused by the frictional force generated by
a large contact area between the column spacers and their
opposing substrate.

[0034] Second, the ball spacers are dispersed for injection
of the liquid crystal and have a globular form. When a
predetermined area of the panel is pressed, the ball spacers
corresponding to the predetermined area of the panel are slid
and have tolerance to the pressed pressure. However, since
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the column spacers are selectively in portions except for the
pixel region, the column spacers may easily be deformed
when the portion having no column spacers is pressed. A
structure below the column spacers may be broken.

[0035] Third, a height difference occurs in the column
spacers due to a gap between the column spacers. In this
case, the contact area and the contact pressure between the
column spacers and the opposing substrate are varied,
thereby generating a defect of a cell gap over the whole
panel.

[0036] Such a problem seriously occurs in large sized
LCD panel based on the liquid crystal dispensing method in
forming the liquid crystal layer of the LCD panel. This is
caused by difficulty in selecting a proper amount of the
liquid crystal dispensed on the substrate unlike the liquid
crystal dispensing method in which the liquid crystal is
injected into the substrate by the pressure difference between
the inside of the LCD panel and the outside thereof.

SUMMARY OF THE INVENTION

[0037] Accordingly, the present invention is directed to an
LCD device that substantially obviates one or more prob-
lems due to limitations and disadvantages of the related art.

[0038] An advantage of the present invention is to provide
an LCD device in which column spacers for a cell gap are
arranged between gate and data lines to reduce a contact area
between the column spacers and an opposing substrate and
a stable cell gap is maintained over the whole panel by
reducing variation of a thickness per area of a thin film
transistor (TFT) substrate corresponding to the column
spacers.

[0039] Additional advantages, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The advantages of the
invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0040] To achieve these and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, an LCD device according to
the present invention includes first and second substrates
facing each other; gate and data lines formed on the first
substrate to cross each other, thereby defining pixel regions;
a thin film transistor (TFT) formed in each portion where the
gate lines cross the data lines; common lines formed adja-
cent to the gate lines; at least one common electrode
extended from the common line and at least one pixel
electrode connected to a drain electrode of the thin film
transistor in each of the pixel regions; a plurality of first
column spacers, each formed on the second substrate cor-
responding to a portion between the gate line and the
common line; and a liquid crystal layer filled between the
first and second substrates.

[0041] The first column spacer corresponds to a recessed
portion between the gate and common lines.

[0042] The first column spacer is overlapped with the gate
line. The LCD device further includes a gate slit formed in
the gate line overlapped with the first column spacer.

[0043] The first column spacer is overlapped with the
commor line. The LCD device further includes a common
slit formed in the common line overlapped with the first
column spacer.
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[0044] The first column spacer is overlapped with both the
gate line and the common line. The LCD device further
includes at least one slit in the common and gate lines
overlapped with the first column spacer.

[0045] The LCD device further includes a second column
spacer formed on the second substrate to correspond to a
predetermined portion of the gate line. The second column
spacer is not in contact with the first substrate. The second
column spacer is spaced apart from the uppermost surface of
the first substrate at an interval of 0.2 um to 0.6 pum when the
first substrate is bonded to the second substrate.

[0046] The LCD device further includes a black matrix
layer formed on the second substrate to shield portions
except for pixel regions and the TFT, and an R/G/B color
filter layer formed to correspond to the pixel regions. The
LCD device further includes an overcoat layer formed on an
entire surface of the second substrate including the black
matrix layer and the color filter layer.

[0047] The gate and common lines are formed on one
layer.
[0048] The LCD device further includes a gate insulating

layer interposed between the layer of the gate and common
lines and a layer of the data line.

[0049] The LCD device further includes a passivation film
interposed between the layer of the data line and a layer of
the pixel electrode.

[0050] Tt is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0052] FIG. 1is an exploded perspective view illustrating
a related art LCD device;

[0053] FIG. 2A is a structural sectional view illustrating a
color filter substrate provided with column spacers;

[0054] FIG. 2B is a structural sectional view illustrating
the state that a TFT substrate is bonded to the color filter
substrate;

[0055] FIG. 3A and FIG. 3B are a plan view and a
cross-sectional view illustrating spots generated on the
screen by touching an LCD panel;

[0056] FIG. 4 is a sectional view illustrating a structure of
an extension according to the present invention;

[0057] FIG. 5 is a plan view illustrating one pixel of an
LCD device having an extension according to the present
invention;

[0058] FIG. 6 is a structural sectional view taken along
line I-I' of FIG. 5;
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[0059] FIG. 7A and FIG. 7B are sectional views illus-
trating extensions and column spacers corresponding to the
extensions according to the present invention;

[0060] FIG. 8 is a plan view illustrating a structure of
column spacers corresponding to a TFT according to the
present invention;

[0061] FIG. 9 is a structural sectional view taken along
line II-II' of FIG. 8;

[0062] FIG. 10 is a plan view illustrating an LCD device
according to the first embodiment of the present invention;

[0063] FIG. 11A is a structural sectional view taken along
line HI-1II' of FIG. 10;

[0064] FIG. 11B is a structural sectional view taken along
line IV-IV' of FIG. 10;

[0065] FIG. 12 is a plan view illustrating a first column
spacer of an LCD device according to the second embodi-
ment of the present invention;

[0066] FIG. 13 is a plan view illustrating a first column
spacer of an LCD device according to the third embodiment
of the present invention;

[0067] FIG. 14 is a plan view illustrating a first column
spacer of an LCD device according to the fourth embodi-
ment of the present invention;

[0068] FIG. 15 is a structural sectional view taken along
line V-V' of FIG. 13;

[0069] FIG. 16 is a structural sectional view taken along
line VI-VI of FIG. 14; and

[0070] FIG. 17 is a graph illustrating a liquid crystal
dispensing margin in a structure of an LCD device according
to the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0071] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

[0072] If an LCD panel provided with column spacers is
touched with a finger or pen along a predetermined direc-
tion, a substrate of the LCD panel is shifted at a predeter-
mined interval along the touched direction. Since it takes a
long time to restore the substrate to the original state, a touch
defect that represents spots around the touch portion occurs
for a time to restore the substrate to the original state. The
touch defect is caused by a frictional force generated due to
a large contact area between the column spacers and their
opposing substrate. Therefore, to remove the touch defect,
efforts to reduce the contact area have been performed. One
of the efforts is an LCD device having an extension.

[0073] FIG. 4 is a sectional view illustrating a structure of
an extension according to the present invention.

[0074] In FIG. 4, a column spacer 70 is formed on a first
substrate 60 and an extension 75 is formed on a second
substrate 80, so that a contact area between the column
spacer 70 and the second substrate 80 can be reduced.
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[0075] The extension 75 serves to reduce a frictional force
between the column spacer and its opposing substrate by
reducing a large contact area between the column spacer and
the opposing substrate considering that a touch defect occurs
due to the contact area, thereby preventing the touch defect
from occurring.

[0076] FIG. 5 is a plan view illustrating one pixel of an
LCD device having an extension according to the present
invention, and FIG. 6 is a structural sectional view taken
along line I-I' of FIG. 5.

[0077] As shown in FIG. 5 and FIG. 6, the LCD device
having an extension includes first and second substrates 60
and 80 bonded to each other at a certain space, a liquid
crystal layer 90 injected between the first substrate 60 and
the second substrate 80, a column spacer 70 formed on the
first substrate 60, and an extension 75 formed on the second
substrate 80 to correspond to the column spacer 70.

[0078] In more detail, the first substrate 60 includes a
black matrix layer 61 shielding light from portions (regions
for gate and data lines and TFT) except for a pixel region,
an R/G/B color filter layer 62 formed to correspond to the
pixel region, thereby displaying colors, and an overcoat
layer 63 formed on an entire surface of the black matrix
layer 61 and the color filter layer 62.

[0079] The second substrate 80 includes a plurality of gate
lines 81 vertically crossing a plurality of data lines 82 to
define pixel regions, pixel and common electrodes 83 and
87a alternately formed in each pixel region where the gate
lines 81 cross the data lines 82, and a plurality of TFTs
formed at respective areas where the gate lines 81 cross the
data lines 82. The common electrode 87a is forked from
common lines 87 parallel to the gate lines 81. The common
and pixel electrodes 87a and 83 are formed substantially
parallel to each other in a zigzag pattern.

[0080] The process of fabricating the above elements on
the second substrate will be described as follows.

[0081] A metal material such as Mo, Al and Cr is depos-
ited on the second substrate 80 by sputtering and then
patterned using a mask (not shown) to form a plurality of
gate lines 81 and a gate electrode 81a extended from the gate
lines. The common lines 87 are formed in parallel to the gate
lines 81, and the common electrodes 87a forked from the
common lines 87 are formed within the pixel region. The
common electrodes 87a are formed in a zigzag pattern.

[0082] Subsequently, an insulating material such as SiNx
is deposited on the second substrate 80 including the gate
lines 81 to form a gate insulating layer 85.

[0083] A semiconductor layer 84 is formed on the gate
insulating layer 85 on the gate electrode 81a. The semicon-
ductor layer 84 is formed in such a manner that an amor-
phous silicon layer and an n+ layer heavily doped with P are
sequentially deposited on the gate insulating layer 85 and
then patterned using a mask (not shown). The semiconductor
layer 84 selectively remains at a predetermined width in a
predetermined portion on the gate line 81 to form a semi-
conductor layer pattern 84a.

[0084] Afterwards, a metal material such as Mo, Al and Cr
is deposited on the entire surface by sputtering and then
patterned using a mask (not shown) to form data lines 82 and
source and drain electrode 824 and 824 at both sides of the
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gate electrode 81a. The source electrode 82a is extended
from the data line 82. The n+ layer below the source and
drain electrodes 82a and 8254 is overetched. Thus, the n+
layer is removed from the gate electrode 81a. In this case,
the amorphous silicon layer is exposed from the gate elec-
trode 81a, and the exposed portion is defined as a channel
region of the TFT. The semiconductor layer 84 is comprised
of the amorphous silicon layer and the n+ layer. A source and
drain metal layer 824 is formed on a predetermined portion
of the semiconductor layer pattern 84a at a predetermined
width (preferably, smaller than the semiconductor layer
pattern 84a) along with the data line 82. The extension 75 is
formed by depositing the source and drain metal layer 824
and the semiconductor layer pattern 84a.

[0085] Next, a passivation film 86 of SiNx is deposited on
the entire surface of the gate insulating layer 85 including
the semiconductor layer pattern 84q, the data line 82, the
source electrode 82a and the drain electrode 826 by a
chemical vapor deposition (CVD) method. An inorganic
material such as SiNx is mainly used as a material of the
passivation film 86. An organic material having low dielec-
tric ratio, such as BenzoCycloButene (BCB), Spin On Glass
(SOG), and acryl, may be used as a material of the passi-
vation film 86 to improve an aperture ratio of a liquid crystal
cell.

[0086] Subsequently, the passivation film 86 on the drain
electrode 825 is partially etched using a mask (not shown)
to form a contact hole that partially exposes the drain
electrode 82b.

[0087] A transparent electrode material is deposited on the
passivation film 86 by sputtering to sufficiently bury the
contact hole. The transparent electrode material is then
patterned using a mask (not shown) to form pixel electrodes
83 in the pixel regions. The pixel electrodes 83 alternate with
the common electrodes 87a. At this time, the pixel elec-
trodes 83 are electrically connected to the drain electrode
82b through the contact hole.

[0088] The column spacer 70 is formed on an uppermost
portion (the overcoat layer 63 in the drawing) of the first
substrate to correspond to the extension 75. In this case,
since the column spacer 70 is in contact with an upper area
of the extension 75, a frictional force is reduced when the
LCD panel is touched, thereby minimizing the touch defect.

[0089] In the aforementioned LCD device having an
extension, the gate line 81, the gate insulating layer 85, the
semiconductor layer pattern 84a, the source and drain metal
layer 82d, and the passivation film 86 are formed around the
extension. A gap in the range of £10% of a deposition
thickness is formed during deposition. Therefore, if the
semiconductor layer pattern 84a and the source and drain
metal layer 82d are respectively formed at a thickness of
2000 A, the extension 75 needs a thickness of about 4000 A.
However, the extension 75 may be formed over the whole
LCD panel at a thickness 0of 3600 A to 4400 A due to the gap
(thickness varying factor). In this way, when the extension
75 is formed, a separate pattern is further formed on the gate
line 81 and two layers are further deposited and etched.
Thus, unlike other portions on the gate line 81, a gap of
about 800 A additionally occurs in a portion where the
extension 75 is formed. Since the passivation film, the gate
insulating layer and the gate line are further formed on and
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below the extension 75, the total gap may be 2000 A (=400
Ax3+800 A) assuming that the other layers are formed at a
thickness of 2000 A.

[0090] FIG. 7A and FIG. 7B are sectional views illus-
trating the extension and the column spacer corresponding to
the extension according to the present invention.

[0091] FIG. 7A illustrates the extension 75a having no
gap and the column spacer corresponding to the extension
75a. In this case, the column spacer 70 is normally in contact
with the extension 75¢ without pressure.

[0092] As shown in FIG. 7B, if the extension 754 is
formed to have a large gap, especially at a value greater than
a desired value, the column spacer 70 is pressed by the
extension 75b, thereby causing deformation of the column
spacer in which a portion of the column spacer correspond-
ing to the extension 756 is additionally pressed by a thick-
ness ‘a’.

[0093] Although not shown, if the extension 755 is smaller
than a desired size, the extension is not in contact with the
column spacer. In this case, it is difficult to prevent the touch
defect from occurring.

[0094] As described above, in the extension structure
using the semiconductor layer and the source and drain
metal layer, the thickness varying factor of the semiconduc-
tor layer and the source and drain metal layer serves as a
factor that varies a volume of the panel. Therefore, in a large
sized LCD device of 30 inch or greater, the thickness
varying factor serves to reduce a liquid crystal dispensing
margin (in the range of a liquid crystal corresponding to a
level having neither touch defect nor gravity defect).

[0095] Inthe aforementioned LCD device, the extension is
formed on the gate line to remove the touch defect. How-
ever, it is possible to form the column spacer to correspond
to the TFT without forming the extension of the gate line.

[0096] Hereinafter, in an LCD device having a “U” shaped
TFT, a structure of the column spacer corresponding to the
‘U’ shaped TFT will be described. In this structure, the touch
defect can be removed by reducing the contact area between
the column spacer and its opposing substrate.

[0097] FIG. 8 is a plan view illustrating a structure of the
column spacer corresponding to the TFT according to the
present invention, and FIG. 9 is a structural sectional view
taken along line II-IT' of FIG. 8.

[0098] As shown in FIG. 8 and FIG. 9, the LCD device
having the ‘U’ shaped TFT includes first and second sub-
strates 110 and 120 and a liquid crystal layer 90 filled
between the two substrates.

[0099] In more detail, the first substrate 110 includes a
black matrix layer 111 shielding light of portions (regions
for gate and data lines and TFT) except for pixel regions, an
R/G/B color filter layer 112 formed to correspond to the
pixel regions, thereby displaying colors, and an overcoat
layer 113 formed on an entire surface of the black matrix
layer 111 and the color filter layer 112.

[0100] The second substrate 120 includes a plurality of
gate lines 121 vertically crossing a plurality of data lines 122
to define pixel regions, pixel and common electrodes 123
and 127a alternately formed in each pixel region where the
gate lines 121 cross the data lines 122, and a plurality of
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TFTs formed at respective areas where the gate lines 121
cross the data lines 122. The common electrode 127a is
forked from common lines 127 substantially parallel to the
gate lines 121. The common and pixel electrodes 127a and
123 are formed parallel to each other in a zigzag pattern.

[0101] The TFT includes a gate electrode 121a formed in
a single body with the gate line 121, a ‘U’ shaped source
electrode 122a extended from the data line 122, a drain
electrode 12256 entering the ‘U’ shaped source electrode
122a and connected to the pixel electrode 123, and a
semiconductor layer 124 covering an upper portion of the
gate electrode 121a and formed in contact with lower
portions of the source electrode 1224 and the drain electrode
1225.

[0102] Further, a gate insulating layer 125 is interposed
between the gate line 121 and the common line 127 and
between the gate line 121 and the data line 122. A passiva-
tion film 126 is interposed between the data line 122 and the
pixel electrode 123.

[0103] A column spacer 101 is formed on the overcoat
layer 113 of the first substrate 110 to correspond to a channel
region of the TFT.

[0104] Inthis case, the column spacer 101 is formed on the
semiconductor layer 124 of the TFT to cross the ‘U’ shaped
source electrode 122a. Since the upper portion of the drain
electrode 1224 is extended to the portion where the column
spacer 101 is formed, the passivation film 126 on the drain
electrode 1225 is in contact with the column spacer 101.
Therefore, the contact area between the column spacer 101
and its opposing substrate can be reduced even in case where
the ‘U’ shaped TFT is formed, in the same manner as the
extension structure.

[0105] However, in the structure in which the column
spacer is formed on the TFT, the gate electrode 121a, the
gate insulating layer 125, the semiconductor layer 124, the
source and drain metal electrodes 122a and 1225, and the
passivation film 126 are deposited on the substrate where the
column spacer is actually formed in the same manner as the
extension structure. For example, if each layer is formed at
a thickness of about 2000 A, a gap of a portion correspond-
ing to the column spacer is 400 Ax5=2000 A considering
that a gap of £10% is generated when each layer is formed.
Deformation of the column spacer is varied in the portion
corresponding to the column spacer depending on the seri-
ous degree of the gap, thereby causing the great difference
between cell gaps in respective portions.

[0106] Therefore, an LCD device having a step difference
in the substrate corresponding to the column spacer and a
minimized gap in the portion corresponding to the column
spacer will now be described in detail.

[0107] FIG. 10 is a plan view illustrating an LCD device
according to the first embodiment of the present invention,
FIG. 11A is a structural sectional view taken along line
III-IIT' of FIG. 10, and FIG. 11B is a structural sectional
view taken along line IV-IV' of FIG. 10.

[0108] As shown in FIG. 10, FIG. 11A and FIG. 1B, the
LCD device according to the first embodiment of the present
invention includes first and second substrates 110 and 120
facing each other and bonded to each other, and a liquid
crystal layer (not shown) filled between the two substrates.
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[0109] In more detail, the first substrate 110 includes a
black matrix layer 111 shielding light from portions (regions
for gate and data lines and TFT) except for pixel regions, an
R/G/B color filter layer 112 formed to correspond to the
pixel regions, thereby displaying colors, and an overcoat
layer 113 formed on an entire surface of the black matrix
layer 111 and the color filter layer 112.

[0110] The second substrate 120 includes a plurality of
gate lines 131 vertically crossing a plurality of data lines 122
to define pixel regions, pixel and common electrodes 123
and 127a formed in each pixel region substantially parallel
with each other, and a plurality of ‘U’ shaped TFTs formed
at respective areas where the gate lines 131 cross the data
lines 122. The common electrode 127a is forked from
common lines 137 parallel to the gate lines 131. The
common and pixel electrodes 127¢ and 123 are formed
substantially parallel to each other in a zigzag pattern.

[0111] Each of the TFTs includes a gate electrode 121a
formed in a single body with the gate line 131, a ‘U’ shaped
source electrode 122a extended from the data line 122, a
drain electrode 1225 entering the ‘U’ shaped source elec-
trode 122a and connected to the pixel electrode 123, and a
semiconductor layer (not shown) covering an upper portion
of the gate electrode 121a and formed in contact with lower
portions of the source electrode 1224 and the drain electrode
12254.

[0112] Further, a gate insulating layer 125 is interposed
between the gate line 131 and the common line 137 and
between the gate line 131 and the data line 122. A passiva-
tion film 126 is interposed between the data line 122 and the
pixel electrode 123.

[0113] In the LCD device according to the first embodi-
ment of the present invention, a first column spacer 140 is
formed on the overcoat layer 113 of the first substrate 110 to
correspond to a portion between the gate line 131 and the
common line 137. In other words, the common line 137 and
the gate line corresponding to the portion where the first
column spacer 140 is formed have a width smaller than those
of other portions, so that the first column spacer is not
overlapped with the common line 137 and the gate line 131.

[0114] Inthis case, as shown in FIG. 11A, the first column
spacer 140 is in contact with the passivation film 126 formed
with a step difference between the gate line 131 and the
common line 137. The first column spacer 140 forms a cell
gap between the first and second substrates 110 and 120 and
has a small contact area with its opposing substrate, i.e., the
passivation film 126 formed on the uppermost of the second
substrate 120. In other words, a portion where the metal line
(gate line or common line) is not formed serves as a recessed
portion between the gate line 131 and the common line 137.
Therefore, the gate insulating layer 125 and the passivation
film 126 formed on the gate line 131 and the common line
137 are formed with a step difference due to the recessed
portion corresponding to the portion between the gate line
131 and the common line 136. The first column spacer 140
1s formed to correspond to the recessed portion and around
the recessed portion. The upper portion of the first column
spacer 140 corresponding to the recessed portion is not
contacted to the passivation film 126. Therefore, the small
contact area is formed between the first column spacer 140
and the passivation film 126.

[0115] A size of the contact area between the first column
spacer 140 and the passivation film 126 is varied depending
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on the interval between the gate line 131 and the common
line 137 or the retracted range of the gate line 131 or the
common line 137 at the portion where the column spacer
140 is formed. At this time, the interval between the gate line
131 and the common line 137 is in the range of about 10 um
to 16 um based on resolution of an exposing unit. The first
column spacer 140 is formed between the gate line 131 and
the common line 137 over the interval of about 10 um to 16
um. The interval between the gate line 131 and the common
line 137 may be narrowed in the range of about 8 um if
resolution of the exposing unit becomes great.

[0116] Furthermore, as shown in FIG. 11B, a second
column spacer 141 is formed on the overcoat layer 113 of the
first substrate 110 to correspond to a predetermined portion
of the gate line 131. The second column spacer 141 has a
height smaller than that of the first column spacer 140 by
about 0.2 um to 0.6 pm. The second column spacer is spaced
apart from the passivation film 126 corresponding to the
uppermost of the opposing substrate 120 at a predetermined
interval to prevent the touch defect of the column space from
occurring.

[0117] In this case, the first column spacer 140 is formed
per three pixels (subpixel) at a sectional size of 14 umx14
um (preferably, 10 um to 30 pmx10 pm to 30 um) around the
first substrate 110. Also, the second column spacer 141 is
formed per three pixels at a sectional size of 14 umx14 m
(preferably, 10 pm to 30 pmx10 pm to 30 pm) around the
first substrate 110.

[0118] The first and second column spacers 140 and 141
are formed on the uppermost surface of the first substrate
110, i.e., the overcoat layer 113. The lower surfaces of the
column spacers may be formed in various polygonal shapes,
for example, polygonal columns having a certain height. The
lower surfaces of the column spacers may have a cylinder
shape. Also, they may have a square column shape as shown.
The sizes of the first and second column spacers 140 and 141
may be varied depending on the size of the LCD panel. The
sizes of the first and second column spacers 140 and 141
may be varied depending on line widths of the gate line 131
and the common line 137 and a line width of a space
between the gate line 131 and the common line 137. The
retracted range of the gate line 131 and the common line 137
corresponding to the first column spacer 140 depends on the
size of the first column spacer 140. In this case, the retracted
portion of the gate line 131 or the common line 137 has the
line width in the range that resistance of the gate line 131 or
the common line 137 does not become great. In other words,
even if the gate line 131 or the common line 137 is partially
retracted, the line width should be obtained in the range that
response speed is not deteriorated when the LCD device is
driven.

[0119] The first and second column spacers 140 and 141
are formed under the same process condition. The first and
second column spacers 140 and 141 have different exposing
amounts per portion to form different heights from each
other. For example, if the first and second column spacers
140 and 141 are formed of a negative photo-hardening resin,
a first mask is arranged on the first substrate 110 to perform
an exposure process, wherein the first mask includes a
transparent portion defined to correspond to the first column
spacer 140 and a semitransparent portion defined to corre-
spond to the second column spacer 141. If the first and
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second column spacers 140 and 141 are formed of a positive
photo-hardening resin, a second mask opposite to the first
mask is used.

[0120] The first and second column spacers 140 and 141
are formed to correspond to the step difference formed on
the second substrate 120. The step difference is formed
between the gate line 131 and the common line 137.
Therefore, the gate line 131 or the common line 137, the gate
insulating layer 125, and the passivation film 126 are formed
on the second substrate 120 corresponding to the first and
second column spacers 140 and 141. In this case, since two
layers are not formed in comparison with the structure in
which the column spacer is formed to correspond to the TFT,
imbalance of the step difference generated in each portion
can be reduced.

[0121] In the LCD device of the present invention, for
example, if the semiconductor layer (not shown) and the
data line 122 are respectively formed at a thickness of about
2000 A, a gap of each portion is in the range of £10% of a
deposition thickness. In this case, it is possible to reduce a
gap corresponding to a thickness of 2x400 A=800 A in
comparison with the deposition structure of the semicon-
ductor layer and the data line in which the column spacer is
formed to correspond to the extension or the TFT.

[0122] Meanwhile, although the LCD device shown in
FIG. 10 has a ‘U’ shape, the LCD device of the present
invention may have various shapes without being limited to
the ‘U’-shape.

[0123] Hereinafter, a method for fabricating the LCD
device having the TFT will be described.

[0124] A metal material such as Mo, Al and Cr is depos-
ited on the second substrate 120 by sputtering and then
patterned using a mask (not shown) to form the plurality of
gate lines 131 and the gate electrodes 121a extended from
the gate lines 131. The common lines 137 are formed in
parallel with the gate lines 131. The common electrodes
127a forked from the common lines 137 are formed in the
pixel regions in a zigzag arrangement. A predetermined
portion where the gate lines 131 face the common lines 137
may be retracted (at a thinner line width).

[0125] Subsequently, an insulating material of SiNx is
deposited on the second substrate 120 including the gate
lines 131 to form the gate insulating layer 125.

[0126] The semiconductor layer 124 is formed on the gate
insulating layer 125 to cover the gate electrode 121a. The
semiconductor layer 124 is formed in such a manner that an
amorphous silicon layer and an n+ layer heavily doped with
P are sequentially deposited on the gate insulating layer 125
and then patterned using a mask (not shown).

[0127] Afterwards, a metal material such as Mo, Al and Cr
is deposited on the entire surface by sputtering and then
patterned using a mask (not shown) to form the data lines
122 and the source and drain electrodes 1224 and 1225 at
both sides of the gate electrode 121a. The source electrode
1224 is extended from the data line 122. At this time, the n+
layer below the source and drain electrodes 122a and 1225
is overetched. Thus, the n+ layer is removed from the gate
electrode 121a. In this case, the amorphous silicon layer is
exposed from the gate electrode 121a, and the exposed
portion is defined as a channel region of the TFT. The
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semiconductor layer 124 is comprised of the amorphous
silicon layer and the n+ layer.

[0128] Next, the passivation film 126 of SiNx is deposited
on the gate insulating layer 125 including the semiconductor
layer 124, the data line 122, the source electrode 1224 and
the drain electrode 1225 by a chemical vapor deposition
(CVD) method. An inorganic material such as SiNX is
mainly used as a material of the passivation film 126.
Recently, an organic material having low dielectric ratio,
such as BenzoCycloButene (BCB), Spin On Glass (SOG),
and acryl, is used as a material of the passivation film 126
to improve an aperture ratio of a liquid crystal cell.

[0129] Subsequently, the passivation film 126 on the drain
electrode 1225 is partially etched using a mask (not shown)
to form a contact hole that partially exposes the drain
electrode 1225.

[0130] A transparent electrode material is deposited on the
passivation film 126 by sputtering to sufficiently bury the
contact hole. The transparent electrode material is then
patterned using a mask (not shown) to form the pixel
electrodes 123 in the pixel regions. The pixel electrodes 123
alternate with the common electrodes 127a. At this time, the
pixel electrodes 123 are electrically connected with the drain
electrode 1225 through the contact hole.

[0131] The black matrix layer 111 is formed on the first
substrate 110 to correspond to portions (gate lines, data lines
and TFT) where the pixel regions are not formed. The color
filter layer 112 is formed to correspond to the pixel regions,
and the overcoat layer 113 is formed on the entire surface of
the first substrate 110 including the black matrix layer 111
and the color filter layer 112.

[0132] A photo-hardening resin is deposited on the entire
surface of the overcoat layer 113 and then selectively
removed to form the first column spacer 140 of the first
height corresponding to the portion between the gate line
131 and the common line 137 of the second substrate 120
and the second column spacer 141 of the second height
corresponding to the predetermined portion of the gate line
131.

[0133] In this case, the first height is higher than the
second height by about 0.21 pm to 0.6 um. This height
difference may be generated by varying the exposing
amount using each portion of a first mask, which defines the
first and second column spacers 140 and 141, as a transpar-
ent portion and a semitransparent portion. In this case, the
photo-hardening resin is a negative photo-hardening resin. If
the first and second common spacers 140 and 141 are of a
positive photo-hardening resin, a second mask opposite to
the first mask is used.

[0134] Incase where the first column spacer 140 is formed
as above, the contact area between the first column spacer
140 and the second substrate 120 can be reduced to prevent
the touch defect from occurring and a cell gap between the
first and second substrates 110 and 120 can be maintained.

[0135] Also, in case where the second column spacer 141
is formed as above, a gap between the second substrate and
the column spacer is obtained so as to obtain a margin,
thereby failing to cause deformation of the column spacer
when the column spacer is pressurized during bonding of the
column spacer to the second substrate 120.
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[0136] Meanwhile, an alignment layer may further be
formed on the uppermost surfaces of the first and second
substrates 110 and 120.

[0137] FIG. 12 is a plan view illustrating a first column
spacer of an LCD device according to the second embodi-
ment of the present invention.

[0138] As shown in FIG. 12, the first column spacer 140
of the LCD device according to the second embodiment of
the present invention is arranged between the gate line 131
and the common line 137, which are more adjacent to each
other than those of the first embodiment. The column spacer
140 is overlapped with the upper portion on the gate and
common lines. In this case, to maintain the contact area
between the second substrate 120 and the first column spacer
140 similarly to the first embodiment, the line width can be
reduced so that the gate line 131 and the common line 137
below the first column spacer 140 can be more retracted.

[0139] FIG. 13 is a plan view illustrating a first column
spacer of an LCD device according to the third embodiment
of the present invention, and FIG. 15 is a structural sectional
view taken along line V-V' of FIG. 13.

[0140] As shown in FIG. 13 and FIG. 15, in the LCD
device according to the third embodiment of the present
invention, a gate line 142 and a common line 147 are formed
on a second substrate in parallel with each other. The gate
line 142 and the common line 147 are respectively provided
with a gate slit 142¢ and a common slit 147a to face each
other. The first column spacer 140 is formed on the first
substrate between the gate slit 142a¢ and the common slit
147a.

[0141] At this time, the first column spacer 140 is formed
on the line V-V' of FIG. 13. That is, the first column spacer
140 is formed over the gate line 142, the gate slit 1424, the
gate line, the common line 147, and the common slit 1474
and the common line 147. The first column spacer 140 may
be extended to the gate slit 142¢ and the common slit 1474
to overlap these slits. If the column spacer 140 is arranged
as above, the gate insulating layer 125 and the passivation
film 126 are formed on the second substrate to have a
recessed portion. Therefore, the contact area between the
first column spacer 140 and the passivation film 126 is
actually reduced.

[0142] FIG. 14 is a plan view illustrating a first column
spacer of an LCD device according to the fourth embodi-
ment of the present invention, and FIG. 16 is a structural
sectional view taken along line VI-VT' of FIG. 14.

[0143] 1Inthe LCD device according to the fourth embodi-
ment of the present invention, a slit of one line is removed
from the structure of the third embodiment. As shown in
FIG. 14, only a gate slit 151a may be provided. Also, only
a common slit may be provided. It is important that the first
column spacer 140 is arranged to pass through the slit.

[0144] Inthe LCD device according to the fourth embodi-
ment of the present invention, the first column spacer 140 is
formed over a predetermined portion of the gate slit 151a
and the common line 157 in a structure in which the gate slit
151a is formed at the gate line 151. The gate line 151 and
the common line 157 are formed substantially parallel with
each other and face each other.

[0145] At this time, the first column spacer 140 is formed
on the line VI-VI' of FIG. 14. That is, the first column spacer
140 is formed over the gate line 151, the gate slit 151a, the
gate line, and the common line 157. As an example, the first
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column spacer 140 may be extended to the predetermined
portion of the common line 151 and the gate slit 151a to
overlap them. If the column spacer 140 is arranged as above,
the gate insulating layer 125 and the passivation film 126
have a recessed portion at a portion adjacent to the first
column spacer 140. Therefore, the contact area between the
first column spacer 140 and the passivation film 126 is
actually reduced.

[0146] Inthe LCD device according to the fourth embodi-
ment of the present invention, the cell gap is maintained
through the first column spacer and the touch defect can be
avoided. Also, at least one slit is provided on at least one of
the gate line and the common line corresponding to the first
column spacer so that the first column spacer is formed to
correspond to the step difference defined by the recessed
portion formed by the slit. Thus, the gap is remarkably
reduced by about 800 A in comparison with the structure in
which the column spacer is formed to correspond to the
extension or the TFT. As a result, it is possible to improve
the touch defect and maintain a stable cell gap.

[0147] Furthermore, when the LCD panel is pressurized
by the second column spacer, a certain margin is obtained to
remarkably reduce deformation of the column spacer. This
could lead to a stable cell gap.

[0148] FIG. 17 is a graph illustrating a liquid crystal
dispensing margin in the structure of the LCD device
according to the present invention.

[0149] FIG. 17 illustrates a result obtained by applying
the LCD device of the present invention to a 37" LCD
model. A proper liquid crystal dispensing amount that can
remove the touch defect and the gravity defect is in the range
of 300 dot to 306 dot. In other words, 6 dot corresponds to
the normal range having neither touch defect nor gravity
defect. If the liquid crystal is dispensed on the LCD panel in
a range smaller than 300 dot, a large touch defect occurs. If
the liquid crystal is dispensed on the LCD panel in a range
greater than 306 dot, a large gravity defect occurs. In the
structure in which the column spacer is formed to corre-
spond to the extension or the TFT, the proper dispensing
amount is in a range of about 0 dot to 3 dot as the touch
defect is biased to the right on the graph and the gravity
defect is biased to the left on the graph. In this way, since the
proper dispensing amount has an increased range, it is
possible to obtain a stable cell gap and remove the defect.

[0150] As described above, the LCD device according to
the present invention has the following advantages.

[0151] First, since the first column spacer is arranged on
the line passing through or between the gate and common
lines, it is in contact with the opposing substrate to corre-
spond to the recess defined on the above line, thereby
reducing the contact area between the column spacer and the
substrate and thus preventing the touch defect from occur-
ring.

[0152] Second, the slit of either the portion between the
gate line and the common line or the predetermined line is
provided on the line from the gate line to the common line
so that the first column spacer is formed to correspond to the
step difference defined by the recessed portion formed by the
slit. Thus, the gap is remarkably reduced by about 300 A
(obtained assuming that the source and drain metal layer and
the semiconductor layer have a thickness of about 2000 A)
in comparison with the structure in which the column spacer
is formed to correspond to the extension or the TFT. As a
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result, it is possible to remove the touch defect and maintain
a stable cell gap over the whole LCD panel.

[0153] Third, when the LCD panel is pressurized by the
second column spacer, a certain margin is obtained to
remarkably reduce deformation of the column spacer. This
could lead to a stable cell gap.

[0154] Finally, the reduction of the gap and the stable cell
gap obtained by reducing deformation of the column spacer
serve to improve the liquid crystal dispensing margin.

[0155] 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 spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. An LCD device comprising:

first and second substrates facing each other;

gate and data lines formed on the first substrate to cross
each other, and define pixel regions;

a thin film transistor (TFT) formed in each portion where
the gate lines cross the data lines;

common lines formed adjacent to the gate lines;

at least one common electrode extended from the com-
mon lines and at least one pixel electrode connected to
adrain electrode of the thin film transistor in each of the
pixel regions;

a plurality of first column spacers, each formed on the
second substrate corresponding to a portion between
the gate lines and the common lines; and

a liquid crystal layer filled between the first and second

substrates.

2. The LCD device according to claim 1, wherein the at
least one common electrode and at least one pixel electrode
are alternately formed.

3. The LCD device according to claim 1, wherein at least
one of the common lines and the gate lines corresponding to
the first column spacer has a width smaller than that of other
portions.

4. The LCD device according to claim 1, wherein the first
column spacer is formed one per three pixels of the LCD
Device.

5. The LCD device according to claim 1, wherein the
common line is substantially parallel to the gate line.

6. The LCD device according to claim 1, wherein the first
column spacer corresponds to a recessed portion between
the gate and common lines.

7. The LCD device according to claim 1, wherein the gate
line is spaced apart from the common line at an interval of
about 8 pm to 16 um.

8. The LCD device according to claim 1, wherein the first
column spacer is overlapped with the gate line.

9. The LCD device according to claim 8, further com-
prising a gate slit formed in the gate line overlapped with the
first column spacer.

10. The LCD device according to claim 1, wherein the
first column spacer is overlapped with the common line.
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11. The LCD device according to claim 10, further
comprising a common slit formed in the common line
overlapped with the first column spacer.

12. The LCD device according to claim 1, wherein the
first column spacer is overlapped with both the gate line and
the common line.

13. The LCD device according to claim 12, further
comprising at least one slit in the common and gate lines
overlapped with the first column spacer.

14. The LCD device according to claim 1, further com-
prising a plurality of second column spacers each formed on
the second substrate corresponding to the gate line.

15. The LCD device according to claim 14, wherein the
second column spacer is not in contact with the first sub-
strate.

16. The LCD device according to claim 15, wherein the
second column spacer is spaced apart from the uppermost
surface of the first substrate at an interval of about 0.2 um
to about 0.6 pm when the first substrate is bonded to the
second substrate.

17. The LCD device according to claim 1, further com-
prising a black matrix layer formed on the second substrate
to shield portions except for pixel regions.

18. The LCD device according to claim 17, further
comprising an overcoat layer formed on an entire surface of
the second substrate including the black matrix layer.

19. The LCD device according to claim 1, wherein the
gate and common lines are formed on a same layer.

20. The LCD device according to claim 1, further com-
prising a gate insulating layer interposed between a layer of
the gate and common lines and a layer of the data line.

21. The LCD device according to claim 1, further com-
prising a passivation film interposed between a layer of the
data line and a layer of the pixel electrode.

22. A method for manufacturing an LCD device, com-
prising:

providing a first substrate and a second substrate;

forming gate lines and common lines adjacent to the gate
lines, at least one common electrode being extended
from the common lines;

forming data lines and TFTs on the first substrate, the data
lines crossing the gate lines and defining pixel regions;

forming at least one pixel electrode in each of the pixel
regions;

forming a plurality of first column spacers on the second
substrate, the first column spacers corresponding to a
portion between the gate lines and the common lines;

dispensing liquid crystal on one of the first and second
substrates; and

bonding the first and second substrates.

23. The method according to claim 22, wherein at least
one of the common lines and the gate lines corresponding to
the first column spacer has a width smaller than that of other
portions.

24. The method according to claim 22, further compris-
ing:

forming a plurality of second column spacers on the
second substrate corresponding to the gate lines.
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