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(57) ABSTRACT

A liquid crystal display device includes a first substrate hav-
ing a step difference part; a second substrate facing the first
substrate; a column spacer between the first substrate and the
second substrate, a contact surface of the column spacer with
the step difference part of the first substrate including a plu-
rality of protrusions; and a liquid crystal layer between the
first substrate and the second substrate.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR FABRICATING THE SAME

This application is a divisional of U.S. patent application
Ser. No. 11/117,574, filed on Apr. 29, 2005 now U.S. Pat. No.
7,557,891, which claims the benefit of the Korean Applica-
tion No. P2004-30533 filed on Apr. 30, 2004, all of which are
hereby incorporated by reference in their entirety for all pur-
poses as is set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
(LCD) device, and more particularly, to an LCD device with
a column spacer.

2. Discussion of the Related Art

Much effort has been devoted to research and develop
various display devices to address the demand of informa-
tion-driven society. In particular, flat panel display devices
are in high demand. They include liquid crystal display
(LCD) device, plasma display panel (PDP), electrolumines-
cent display (ELD) and vacuum fluorescent display (VFD).
These flat panel display devices have already been applied in
some form to various display equipment.

Among the various flat display devices, the LCD device
has been most widely used because it is compact, thin, and
consumes low power. The LCD device is increasingly being
used as a substitute for Cathode Ray Tube (CRT). In addition
to being used on mobile devices such as notebook computers,
LCD devices have been developed as computer monitors and
television displays.

Despite various technical advances in LCD technology
with applications in different fields, research in picture qual-
ity enhancement of the LCD device has been lagging other
features and advantages of the LCD device. Whether LCD
devices become ubiquitous as a general purpose display, will
depend on their capabilities in achieving high quality picture,
such as high resolution and high luminance with a large
screen while remaining light, thin, and low power consuming,.

FIG. 11is an exploded perspective view of a related art LCD
device. Referring to FIG. 1, the related art LCD device
includes first and second substrates 1 and 2, and a liquid
crystal layer 3 formed by injection between the first and
second substrates 1 and 2. Specifically, the first substrate 1
includes a plurality of gate lines 4 arranged along a first
direction at fixed intervals, 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 arranged in a
matrix-type configuration within pixel regions P defined by
crossing of the gate and data lines 4 and 5, and a plurality of
thin film transistors T at respective crossing points of the gate
and data lines 4 and 5. The thin film transistors T apply a data
signal from the data line to each pixel electrode 6 according to
a gate signal of the gate line. The second substrate 2 includes
a black matrix layer 7 that shields light from the predeter-
mined portions of the first substrate 1 except for the pixel
regions, an R, G and B color filter layer 8 for representing
various colors in correspondence with the pixel regions, and
a common electrode 9 on the color filter layer 8 to render
images.

In the related art LCD device, since the liquid crystal layer
3 is formed between the first and second substrates 1 and 2,
liquid crystal molecules of the liquid crystal layer 3 are driven
by an electric field generated between the pixel electrode 6
and the common electrode 9. For example, an alignment
direction of the liquid crystal molecules of the liquid crystal
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layer 3 is controlled by the induced electric field between the
pixel electrode 6 and the common electrode 9. Accordingly,
the amount of light transmitted through the liquid crystal
layer 3 may be controlled by the alignment direction of the
liquid crystal molecules, thereby displaying images. The
related art LCD device described above is commonly referred
to as a Twisted Nematic (TN) mode L.CD device, which has a
narrow viewing angle.

In order to overcome the problem associated with the TN
mode LCD device, an In-Plane Switching (IPS) mode LCD
device has been developed. In the IPS mode LCD device, a
pixel electrode and a common electrode are formed in parallel
at a predetermined interval within a pixel region. Accord-
ingly, an electric field parallel to the substrates is generated
between the pixel electrode and the common electrode,
thereby aligning liquid crystal molecules of a liquid crystal
layer parallel to the substrates.

A method of fabricating a related art IPS mode LCD device
will be described as follows. Generally, the method of fabri-
cating the LCD device is categorized as a liquid crystal injec-
tion method and a liquid crystal dispensing method, accord-
ing to how the liquid crystal layer is formed between the two
substrates.

FIG. 2 is a flow chart of a method of fabricating a liquid
crystal injecting type LCD device according to the related art.
The method for fabricating an LCD device is divided into
three processes, including an array process, a cell process,
and a module process. The array process mainly includes two
steps: forming a TFT array having gate and data lines, com-
mon electrodes, and thin film transistors on the first substrate;
and forming a color filter array having a black matrix layer, a
color filter layer, and a common electrode on the second
substrate.

During the array process, a plurality of LCD panels are
formed together on one large mother glass substrate. The TFT
array and the color filter array are formed on each of the LCD
panels. Then, the TFT substrate and the color filter substrate
are moved to a cell process line. Subsequently, an alignment
material is coated on the TFT substrate and the color filter
substrate. Then, an alignment process (rubbing process) S10
is performed on the substrates to obtain a uniform alignment
direction of liquid crystal molecules. The alignment process
S10 is carried out by the following steps: cleaning the sub-
strate before coating an alignment layer thereon, printing the
alignment layer, baking the alignment layer, inspecting the
alignment layer, and rubbing the alignment layer. Then, the
TFT substrate and the color filter substrate are respectively
cleaned (520).

Next, ball spacers for maintaining a cell gap between the
two substrates are scattered on one of the two substrates
(530). A seal pattern is formed corresponding to the circum-
ference of respective LCD panel regions to bond the two
substrates to each other (S40). The seal pattern includes an
inlet through which liquid crystal is injected. In this case, the
ball spacers may be formed of plastic balls or minute elastic
particles. Then, the TFT substrate and the color filter substrate
having the seal pattern therebetween are positioned facing
each other, and are bonded to each other. Then, the seal
pattern is cured (S50).

Thereafter, the bonded TFT and color filter substrates are
cut into respective LCD panel regions (S60), thereby fabri-
cating the unit LCD panels, each having a pre-determined
size. Then, the liquid crystal is injected to the LCD panel
through the inlet, and the inlet is sealed (S70), thereby form-
ing a liquid crystal layer. After performing an inspection
process (S80) for observing external appearances and testing
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for electric failures in the LCD panel, the process of fabricat-
ing the LCD device is completed.

During the process for injecting the liquid crystal, the LCD
panel and a container having liquid crystal therein are pro-
vided in a vacuum chamber. Accordingly, moisture and air
bubbles in the liquid crystal and the container are simulta-
neously removed, and an interior space of the LCD panel is
maintained in a vacuum state. Then, the inlet of the LCD
panel is dipped into the container having the liquid crystal in
the vacuum state, and the vacuum state inside the chamber is
changed to the atmospheric pressure. Thus, the liquid crystal
1s injected into the interior of the LCD panel through the inlet
according to a pressure difference between the interior of the
LCD panel and the vacuum chamber.

The liquid crystal injection method has the following dis-
advantages. First, after cutting the large mother glass sub-
strate into the respective LCD panel regions, the inlet is
dipped into the container having the liquid crystal while
maintaining the vacuum state between the two substrates.
Significant amount of time are required for injecting the lig-
uid crystal between the two substrates, thereby lowering
yield. When forming large LCD devices, it is difficult to
completely inject the liquid crystal into the innermost portion
of the LCD panel, thereby causing defect due to incomplete
injection of the liquid crystal. Furthermore, several liquid
crystal injection devices are required due to the complicated
process and the considerable process time, thereby requiring
large spaces for housing the several devices. Also, if the ball
spacers are used in the LCD device, the ball spacers may lump
together, thereby causing a Milky Way defect of generating
glitter. Also, the ball spacers are scattered, whereby the ball
spacers may be moved within the pixel region, thereby caus-
ing light leakage.

In order to overcome these problems of the liquid crystal
injection method, the liquid crystal dispensing method has
been developed, in which two substrates are bonded to each
other after dispensing liquid crystal on any one of the two
substrates. FIG. 3 is a flow chart of a method of fabricating a
liquid crystal dispensing type LCD device according to the
related art. In the liquid crystal dispensing method, before
bonding the two substrates, the liquid crystal is dispensed on
any one of the two substrates. Accordingly, it is impossible to
use ball spacers for maintaining a cell gap between the two
substrates since the ball spacers move to a dispensing direc-
tion of the liquid crystal. Thus, instead of the ball spacers,
patterned spacers or column spacers are fixed to the substrate
to maintain the cell gap between the two substrates. During an
array process, a black matrix layer, a color filter layer, and a
common electrode are formed on the color filter substrate.
Then, a photosensitive resin is formed on the common elec-
trode, and is selectively removed to form the column spacers
above the black matrix layer. The column spacers may be
formed in a photo process or an ink-jet process.

Then, alignment layers are respectively coated on the
entire surfaces of the TFT substrate and the color filter sub-
strate including the column spacers, and a rubbing process is
performed thereto. After cleaning the TFT substrate and the
color filter substrate (§101), the liquid crystalis dispensed on
one of the two substrates (S102), and a seal pattern is formed
in the circumference of an LCD panel region on the other
substrate by a dispensing apparatus (S103). At this time, it is
possible to dispense the liquid crystal and form the seal pat-
tern together on one of the two substrates. The other substrate
having no liquid crystal dispensed thereon is inversed (S104).
Then, the TFT substrate and the color filter substrate are
bonded to each other by pressure, and the seal pattern is cured
(S105).
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Subsequently, the bonded substrates are cut into the respec-
tive LCD panels (5106). In addition, an inspection process
(5107) for observing external appearances and tests for elec-
tric failures in the LCD panel are performed. The process of
fabricating the LCD device is complete.

Inthe liquid crystal dispensing method, the column spacers
are formed on the color filter substrate. Liquid crystal is
dispensed on the TFT substrate. Then the two substrates are
bonded to each other, thereby forming the LCD panel. The
column spacers are fixed on the color filter substrate, and are
in contact with the TFT substrate. Also, when the column
spacers are in contact with the TFT substrate, the contact
portion corresponds to one of the gate line and the data line.
That is, each of the column spacers is formed on the color
filter substrate at a predetermined height.

FIG. 4 is a plane view of a related art LCD device. FIG. 5
is across-sectional view along I-I' of FIG. 4. As shown in FIG.
4 and FIG. 5, an array area of the related art LCD device
includes a gate line 4, a data line 5, a thin film transistor TFT,
and a pixel electrode 6. At this time, the gate line 4 is formed
perpendicular to the data line 5, to define a pixel region, and
the thin film transistor TFT is formed at a crossing of the gate
line 4 and the data line 5. Also, the pixel electrode 6 is formed
in the pixel region. Then, column spacers 20 are formed at
fixed intervals, to maintain a cell gap. In this case, as shown in
FIG. 5, the column spacer 20 is formed above the gate line 4.
That is, the gate line 4 is formed on a first substrate 1, and a
gate insulating layer 15 is formed on the entire surface of the
first substrate 1 including the gate line 4. Then, a passivation
layer 16 is formed on the gate insulating layer 15.

Also, a second substrate 2 includes a black matrix layer 7,
a color filter layer 8, and a common electrode 14. The black
matrix layer 7 is formed on the second substrate 2 to cover the
non-pixel portions (gate line, data line, and thin film transis-
tor) except for the pixel regions. The color filter layer 8 is
formed on the second substrate 2 including the black matrix
layer 7 by forming R, G and B pigments in correspondence
with the pixel regions. Then, the common electrode 14 is
formed on the entire surface of the second substrate 2 includ-
ing the color filter layer 8. The column spacer 20 is formed on
the common electrode 14 corresponding to the gate line 4.
Then, the first substrate 1 and the second substrate 2 are
bonded to each other while the column spacer 201s positioned
in correspondence with the gate line 4.

The liquid crystal dispensing type LCD device having the
column spacer has the following disadvantages. First, the
column spacers are fixed to one substrate, and the flat surface
of column spacers is in contact with the TFT substrate, caus-
ing a great frictional force due to the large contact surface
with the substrates. Accordingly, when the screen of the LCD
device having the column spacers is rubbed, it generates
touch spots on the screen for a long time.

FIG. 6A and FIG. 6B are a plane view and a cross-sectional
view, respectively, illustrating spots generated on the screen
by touching the LCD panel. If the LCD panel 10 is continu-
ously touched with a finger or a pen along a predetermined
direction, as shown in FIG. 6A, the upper substrate 2 of the
LCD panel 10 is shifted at a predetermined interval in the
touch direction, as shown in FIG. 6B. If the cylindrical col-
umn spacers are in contact with the lower and upper sub-
strates 1 and 2, it may cause a great frictional force between
the column spacers and the two opposing substrates. Thus, the
liquid crystal molecules between the column spacers are not
restored to their original state, thereby generating the spots on
the screen. Also, when the LCD panel is touched with the
finger or pen along the predetermined direction, the liquid
crystal molecules gather around the touched portion causing
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a protrusion. In this case, the cell gap hl corresponding to the
protruding portion is higher than the cell gap h2 of the remain-
ing portions, thereby generating light leakage. Then, it is
impossible to obtain a uniform luminance across the LCD
device.

Inthe LCD device of forming the column spacers, the spots
may be generated by touch since the column spacers are fixed
to one substrate, and the column spacers contact the opposing
substrate on a flat surface. Thus, the contact area of the col-
umn spacers with the substrates is larger than the contact area
of the ball spacers in the related art LCD device described
earlier.

Another reason for spots generation is that the contact area
between the substrate and the column spacers is in a vacuum
state when the substrate is touched. When ball spacers are
used, the ball spacers may be moved in all directions if the
facing substrate is touched. Thereby, the contact area between
the surface of the substrate and the ball spacers is not main-
tained in the vacuum state when the surface of the LCD panel
1s touched. In contrast, when the column spacers are used, if
the upper surfaces of the column spacers are in contact with
the flat surface of the facing substrate, the contact area is in the
vacuum state. Accordingly, when the LCD device uses col-
umn spacers, the spots are generated when the surface of the
LCD panel is touched, due to the large contact area between
the column spacers and the opposing substrate, or due to the
vacuum state between the flat surface of the substrate and the
upper surfaces of the column spacers.

In the LCD device formed with the liquid crystal injection
method, the appropriate amount of liquid crystal is injected
inside the LCD panel due to the difference in pressure
between the inside of the LCD panel, which is in the vacuum
state, and the inside of the chamber, which is under the atmo-
spheric pressure, thereby completing the LCD panel. In the
liquid crystal dispensing method, the LCD panel is completed
by dispensing the predetermined amount of liquid crystal is
on one substrate, and then bonding the two substrates are
bonded to each other.

Accordingly, in the liquid crystal injection method, the
appropriate amount of liquid crystal is injected due to the
pressure difference irrespective of the structures formed on
the two substrates inside the LCD panel. However, in the
liquid crystal dispensing method, it is difficult to predeter-
mine the amount required to each of the LCD panels, due to
variations in sizes and intervals for the structures generated
by the fabrication margin in the LCD panels. In the liquid
crystal dispensing method, the amount of liquid crystal pro-
vided to the LCD panel may be excessive. As a result, when
excessive liquid crystal is provided, or the liquid crystal is
maintained at a high temperature, lower portions of the LCD
panel are protruding due to the gravity defect. That is, the
liquid crystal molecules may gather to some lower portions of
the LCD, because of the excessive amount of liquid crystal
provided to the inside of the LCD panel.

Generally, the LCD device is used as a display device for
television, notebook and desktop computers. In these appli-
cations, the LCD panel of the LCD device usually stands
vertically. In this case, the liquid crystal molecules of the
LCD panel move and gather to a lower portion thereof due to
the effects of gravity. Specifically, when the LCD panel is
maintained at the high temperature, the thermal expansion of
liquid crystal increases, aggravating the problem. The afore-
mentioned problems of the spots and the gravity defect
become more serious in large LCD devices because, then, it is
difficult to dispense the liquid crystal on the entire surface of
the LCD panel.
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6
SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a liquid
crystal display device and a method for fabricating the same
that substantially obviates one or more problems due to limi-
tations and disadvantages of the related art.

An object of the present invention is to provide an LCD
device having a reduced contact area between a column
spacer and substrates of the LCD device.

Another object of the present invention is to provide a
method for fabricating an LCD device having a reduced con-
tact area between a column spacer and substrates of the LCD
device.

Additional features and advantages of the invention will be
set forth in part 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.

To achieve these objects and other advantages and inaccor-
dance with the purpose of the present invention, as embodied
and broadly described herein, a liquid crystal display device
includes a first substrate having a step difference part; a sec-
ond substrate facing the first substrate; a column spacer
between the first substrate and the second substrate, a contact
surface of the column spacer with the step difference part of
the first substrate including a plurality of protrusions; and a
liquid crystal layer between the first substrate and the second
substrate.

In another aspect, the liquid crystal display device includes
a first substrate and a second substrate facing each other; a
gate line and a data line crossing each other perpendicularly
on the first substrate to define a pixel region; a thin film
transistor at a crossing of the gate line and the data line;
common electrodes and pixel electrodes alternately provided
in the pixel region; a black matrix layer on the second sub-
strate corresponding to portions of the first substrate exclud-
ing the pixel region; a color filter layer formed on the second
substrate corresponding to the pixel region of the first sub-
strate; an overcoat layer on the entire surface of the second
substrate including the black matrix layer and the color filter
layer; a column spacer on the overcoat layer facing the thin
film transistor of the first substrate, the column spacer having
a plurality of protrusions on a contact surface thereof; and a
liquid crystal layer between the first and second substrates.

In another aspect, the liquid crystal display device includes
a first substrate and a second substrate facing each other; gate
and data lines crossing each other perpendicularly on the first
substrate to define a pixel region; a thin film transistor at a
crossing of the gate and data lines; a protruding pattern on the
gate line; common electrodes and pixel electrodes alternately
provided in the pixel region; a black matrix layer on portions
of the second substrate excluding portions corresponding to
the pixel region of the first substrate; a color filter layer on the
second substrate corresponding to the pixel region; an over-
coat layer on the entire surface of the second substrate includ-
ing the black matrix layer and the color filter layer; a column
spacer on the overcoat layer facing the protruding pattern, the
column spacer having a plurality of protrusions on a contact
surface thereof; and a liquid crystal layer between the first
substrate and the second substrate.

In another aspect, the liquid crystal display device includes
a first substrate and a second substrate facing each other; gate
and data lines crossing each other perpendicularly on the first
substrate to define a pixel region; a thin film transistor at a
crossing of the gate and data lines; a pixel electrode in the



US 7,826,026 B2

7

pixel region; a black matrix layer on portions of the second
substrate excluding portions corresponding to the pixel
region of the first substrate; a color filter layer on the second
substrate corresponding to the pixel region; a common elec-
trode on the entire surface of the second substrate including
the black matrix layer and the color filter layer; a column
spacer on the common electrode, the column spacer facing
the thin film transistor, and the column spacer including a
plurality of protrusions on a contact surface thereof, and a
liquid crystal layer between the first and second substrates.

In another aspect, the liquid crystal display device includes
a first and a second substrate facing each other; gate and data
lines crossing each other on the first substrate to define a pixel
region; a thin film transistor at a crossing of the gate and data
lines; a protruding pattern on the gate line; a pixel electrode in
the pixel region; a black matrix layer on portions of the second
substrate excluding portions corresponding to the pixel
region of the first substrate; a color filter layer on the second
substrate corresponding to the pixel region; a common elec-
trode on the entire surface of the second substrate including
the black matrix layer and the color filter layer; a column
spacer on the common electrode, the column spacer facing
the protruding pattern, wherein the column spacer has a plu-
rality of protrusions on a contact surface thereof; and a liquid
crystal layer between the first and second substrates.

In another aspect, a method for fabricating a liquid crystal
display device includes forming a step difference part on a
TFT array substrate; preparing a color filter array substrate
facing the TFT array substrate; coating a photosensitive resin
onthe entire surface of the color filter array substrate; forming
a column spacer having a plurality of protrusions facing the
step difference part of the TFT array substrate by exposing
and developing the photosensitive resin; dispensing liquid
crystal on the TFT array substrate; and bonding the TFT array
substrate and the color filter array substrate to each other.

In another aspect, the method for fabricating the liquid
crystal display device includes forming a step difference part
on a TFT array substrate; preparing a color filter array sub-
strate facing the TFT array substrate; coating a photosensitive
resin on the entire surface of the color filter array substrate;
forming a column spacer having a plurality of protrusions
facing the step difference part of the TFT array substrate by
selectively removing the photosensitive resin; dispensing lig-
uid crystal on the TFT array substrate; and bonding the TFT
array substrate and the color filter array substrate to each
other.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention.

FIG. 11s an exploded perspective view of a related art LCD
device.

FIG. 2 is a flow chart of a method of fabricating a liquid
crystal injecting type LCD device according to the related art.

FIG. 3 is a flow chart of a method of fabricating a liquid
crystal dispensing type LCD device according to the related
art.

FIG. 4 is a plane view of the related art LCD device.

FIG. 5 is a cross-sectional view along I-I' of FIG. 4.
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FIG. 6A and FIG. 6B are respectively a plane view and a
cross-sectional view of showing spots generated on a screen
by touching an LCD panel.

FIG. 7 is a cross-sectional view of an exemplary column
spacer in an LCD device according to an embodiment of the
present invention.

FIG. 8A shows a top view of an exemplary column spacer
on a color filter array substrate, and corresponding cross-
sectional views of a recess and a plurality of protrusions on a
column spacer in accordance with an embodiment of the
present invention.

FIG. 8B shows a top view of an exemplary column spacer
on a color filter array substrate, and corresponding cross-
sectional views of a plurality of recesses and a plurality of
protrusions on the column spacer in accordance with another
embodiment of the present invention.

FIG. 8C shows a top view of an exemplary column spacer
on a color filter array substrate, and corresponding cross-
sectional views of a plurality of recesses and a plurality of
protrusions on the column spacer in accordance with another
embodiment of the present invention.

FIG. 9A is a cross-sectional view of an exemplary column
spacer on a color filter array substrate of an LCD device
according to an embodiment of the present invention.

FIG. 9B is a cross-sectional view of an exemplary column
spacer on a color filter array substrate of an LCD device
according to another embodiment of the present invention.

FIG. 9C is a cross-sectional view of an exemplary column
spacer on a color filter array substrate of an LCD device
according to another embodiment of the present invention.

FIG. 10 is a cross-sectional view of an exemplary LCD
device according to an embodiment of the present invention.

FIG. 11 is a plane view of an exemplary IPS mode LCD
device according to an embodiment of the present invention.

FIG. 12 is a cross-sectional view along line V-V' of FIG. 11
showing an exemplary column spacer facing a protruding
pattern according to an embodiment of the present invention.

FIG. 13 is a plane view of an exemplary IPS mode LCD
device according to another embodiment of the present inven-
tion.

FIG. 14 is a cross-sectional view along line VI-VI' of FIG.
13 showing an exemplary column spacer facing a thin film
transistor according to another embodiment of the present
invention.

FIG. 15 is a plane view of an exemplary TN mode LCD
device according to another embodiment of the present inven-
tion.

F1G.16 is across-sectional view along line VII-VII' of FIG.
15 showing an exemplary column spacer facing a protruding
pattern according to another embodiment of the present
invention.

FIG. 17 is a plane view of an exemplary TN mode LCD
device according to another embodiment of the present inven-
tion.

FIG. 18 is a cross-sectional view along line VIII-VIII' of
FIG. 17 showing an exemplary column spacer facing a thin
film transistor according to another embodiment of the
present invention.

FIG.19A is a cross-sectional view ofa coating material on
a color filter array substrate in a process for fabricating a
column spacer of an LCD device according to an embodiment
of the present invention.

FIG. 19B is a schematic view of a mask for exposing
portions of the color filter array substrate in the process for
fabricating a column spacer of an LCD device according to an
embodiment of the present invention.
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FIG. 19C is a cross-sectional view of an exposure step of
the color filter array substrate in the process for fabricating a
column spacer of an LCD device according to an embodiment
of the present invention.

FIG. 19D is a cross-sectional view of an etching step of the
color filter array substrate in the process for fabricating a
column spacer of an LCD device according to an embodiment
of the present invention.

FIG. 20 is a top view of an exemplary column spacer
according to an embodiment of the present invention.

FIG. 21A is a cross-sectional view of a coating material on
a color filter array substrate in a process for fabricating a
column spacer of an LCD device according to another
embodiment of the present invention.

FIG. 21B is a schematic view of a mask for exposing
portions of the color filter array substrate in the process for
fabricating a column spacer of an LCD device according to
another embodiment of the present invention.

FIG. 21C is a cross-sectional view of an exposure step of
the color filter array substrate in the process for fabricating a
column spacer of an LCD device according to another
embodiment of the present invention.

FIG. 21D is a cross-sectional view of an etching step of the
color filter array substrate in the process for fabricating a
column spacer of an LCD device according to another
embodiment of the present invention.

FIG. 22A is a perspective view of an exemplary column
spacer according to an embodiment of the present invention.

FIG. 22B is a top view of the exemplary column spacer of
FIG. 22A.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments 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.

FIG. 7 is a cross-sectional view of an exemplary column
spacer in an LCD device according to an embodiment of the
present invention. Referring to FIG. 7, the LCD device
includes a thin film transistor (TFT) array substrate 100, a
color filter array substrate 200, a step difference part 160, and
a column spacer 150. The step difference part 160 is formed
onan inner surface of the TFT array 100. The step difference
part 160 may be formed of a thin film transistor TFT or a
protruding pattern on the TFT array substrate 100.

The column spacer 150 is formed on an inner surface of the
color filter array substrate 200. Thus, the column spacer 150
contacts the inner surface ofthe color filter substrate 200 by a
base surface. The column spacer 150 contacts the step differ-
ence part 160 by a protruding contact surface. In one embodi-
ment of the present invention, as depicted in FIG. 7, the
protruding contact surface of the column spacer 150 is pro-
vided with two protrusions and one recess. In other embodi-
ments of the present invention, the protruding contact surface
of column spacer 150 may be provided with a plurality of
protrusions and a plurality of recesses. Thus, the protruding
contact surface of the column spacer is provided with a plu-
rality of protrusions, and one or more recesses.

The base surface of the column spacer 150 with the color
filter array substrate 200 may have various shapes. For
example, the base surface may have the shape of a regular
quadrilateral, such as a rectangle. Generally, the base surface
may have the shape of a polygon, such as a pentagon. The
base surface may also have a circular shape.
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The plurality of protrusions and recesses forms a regular
pattern within the protruding contact surface of the column
spacer 150 with the step difference part 160 of the TFT array
substrate 100. Each column spacer 150 has a width D in the
range of 15 um to 40 pm, and a height H in the range of about
2 um to 5 pm. Here, the height H of the column spacer 150
corresponds to a distance from the base surface on the inner
surface of color filter array substrate 200 (upper surface of an
overcoat layer or a common electrode) to a point in the pro-
truding contact surface where one of the protrusions of the
column spacer 150 contacts the step difference 160. A cross-
section of one protrusion may have amaximum width C in the
range of about 5 um to 15 pum.

In one embodiment of the present invention, each of the
plurality of recesses is provided between adjacent protru-
sions. In other embodiments of the present invention, a flat
surface, rather than a recess, may be provided between adja-
cent protrusions. Alternatively, a flat surface, rather than a
protrusion, may be provided between adjacent recesses.

In this embodiment of the present invention, the recess is
formed between the protrusions. A depth of the recess, which
is measured from the protruding contact surface of the pro-
trusions with the step difference 160, has a value in the range
between about 0.1 pm and the height of the column spacer
150. An interval B between the contact points of adjacent
protrusions with the step difference depends on the number of
protrusions and recesses formed on the column spacer 150.

In the LCD device according to an embodiment of the
present invention, the column spacer 150 contacts the step
difference part 160 of the TFT array substrate 100 within the
protruding contact surface. The step difference part 160 may
be provided with an additional protruding pattern on rela-
tively high portions of the TFT array substrate 100, or at
predetermined portions thereof. Here, the protruding pattern
is formed of a semiconductor layer at a lower portion thereof,
and source and drain electrodes at an upper portion thereof.
The protruding patterns may be formed at fixed intervals on
gate or data lines.

As discussed above, when the protruding contact surface
between the column spacer 150 and the TFT array substrate
100 increases, spots caused by touching a screen surface of
the LCD panel become serious. In the L.CD device according
to an embodiment of the present invention, it is possible to
decrease the contact area between the column spacer 150 and
the TFT array substrate 100. Thus, a frictional force between
the column spacer 150 and the TFT array substrate 100 can be
decreased. Moreover, in accordance with an embodiment of
the present invention, it is possible to prevent a vacuum state
between the column spacer 150 and the TFT array substrate
100. The column spacer 150 contacts with the TFT array
substrate 100 through contact points. As a result, the spots
caused by touching the LCD panel can be easily removed.

The column spacer 150 is formed on a black matrix layer
(not shown) of the color filter array substrate 200. Specifi-
cally, when the step difference part 160 is formed of a thin
film transistor, the column spacer 150 is formed on the black
matrix layer corresponding to the thin film transistor. When
the step difference part 160 is formed of a protruding pattern,
the column spacer 150 is formed on the black matrix layer
corresponding to the protruding pattern.

FIG. 8A shows a top view of an exemplary column spacer
on a color filter array substrate, and representative cross-
sectional views of a recess and a plurality of protrusions on a
column spacer in accordance with an embodiment of the
present invention. The cross-sectional views are taken along
sections III-III"and IV-IV' of the column spacer 150a, respec-
tively. Referring to FIG. 8A, a column spacer 150a is formed
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on the color filter array substrate 200. In this embodiment of
the present invention, the base surface of the column spacer
150¢ with the color filter array substrate 200 is shaped as a
regular quadrilateral having four equal sides.

The column spacer 150a has four protrusions correspond-
ing to the four corners of the base surface. In addition, the
column spacer 150a has a recess corresponding to the center
of the base surface. In this embodiment of the present inven-
tion, an area between the protrusions or adjacent to the recess
has a flat surface.

Herein, a distance from the flat surface to a peak of the
protrusion is in the range from about 0.1 um to 3.5 pm, and a
distance from the flat surface to abottom of the recess is in the
range fromabout 0.1 pmto 3.5 um. Also, the depth A from the
peak of the protrusion to the bottom of the recess is in the
range from about 0.2 um to the height H of the column spacer
150q. The height H of the column spacer 150a depends on a
cell gap of the LCD panel, which is in the range of about 2 pm
0 5 pm.

FIG. 8B shows a top view of an exemplary column spacer
on a color filter array substrate, and representative cross-
sectional views of a plurality of recesses and a plurality of
protrusions on the column spacer in accordance with another
embodiment of the present invention. The cross-sectional
views are taken along sections III-III' and IV-IV' of the col-
umn spacer 1505, respectively. Referring to FIG. 8B, a col-
umn spacer 1505 is formed on the color filter array substrate
200. In this embodiment of the present invention, the base
surface of the column spacer 1505 with the color filter array
substrate 200 is shaped as a regular quadrilateral having four
equal sides.

The column spacer 1505 includes four protrusions corre-
sponding to the four corners of the base surface, and an
additional protrusion provided at the center of the base sur-
face. A recess is provided between each of the protrusions.
The protrusions are formed in direct lateral contact with the
recesses. Thus, there is no flat surface between the protrusions
and the recesses. As depicted in the top view from FIG. 8B,
the alternating protrusions and recesses form an uneven sur-
face on the protruding contact surface of the column spacer
1505. Herein, the depth A from the peak of one of the protru-
sions to the bottom of one of the recesses is in the range from
about 0.1 um and a height H of the column spacer 1505. The
height H of the column spacer 1505 is in the range of about 2
pm to 5 pm.

FIG. 8C shows a top view of an exemplary column spacer
on a color filter array substrate, and representative cross-
sectional views of a plurality of recesses and a plurality of
protrusions on the column spacer in accordance with another
embodiment of the present invention. The cross-sectional
views are taken along sections III-III" and IV-IV' of the col-
umn spacer 150¢, respectively. Referring to FIG. 8C, a col-
umn spacer 150¢ is formed on the color filter array substrate
200. In this embodiment of the present invention, the base
surface of the column spacer 150¢ with the color filter array
substrate 200 is shaped as a regular quadrilateral having four
equal sides.

The column spacer 150¢ has four protrusions correspond-
ing to the four corners of the base surface. A recess is formed
between each pair of the protrusions. A flat surface having a
regular quadrilateral shape is formed at the center of the base
surface. Unlike the column spacer 1505 of FIG. 8B, the flat
surface in F1G. 8C is positioned between the recesses. Thus,
the column spacer 150c¢ has a relatively smooth pattern at the
center thereof.

The depth A from a peak of the protrusion to the bottom of
the recess is in the range between about 0.2 um and a height

10

25

40

45

60

65

12

H of the column spacer 150¢. The distance from the bottom of
the recess to the flat surface is in the range between about 0.1
pm and 3.5 am. Also, the height H of the column spacer 150¢
is in the range of about 2 pm to 5 pm.

In embodiments of the present invention as depicted in
FIGS. 8A to 8C, the protrusions and recesses on the column
spacers 150a, 1505 and 150¢ are similar in size. However, the
protrusion can be made larger than the recess. Alternatively,
the recess can be made larger than the protrusion. Moreover,
the number of protrusions and recesses on the column spacer
can be changed. Hereinafter, exemplary column spacers will
be described, which include protrusions with various cross-
sectional widths and at different distances between each
other.

FIG. 9A is a cross-sectional view of an exemplary column
spacer on a color filter array substrate of an LCD device
according to an embodiment of the present invention. Refer-
ring to FIG. 9A, a column spacer 151 is formed on the color
filter array substrate 200. The column spacer 151a includes
protrusions and recesses. In this embodiment of the present
invention, the protrusions and recesses are similar in size. In
particular, the cross-section dimension C of a protrusion is
identical to the cross-section dimension E ofarecess. Accord-
ingly, an interval B between the peaks of adjacent protrusions
is twice the cross-section dimension C of a protrusion
(B=~2C). A depth A from a peak of the protrusion to a bottom
of the recess is in the range from about 0.1 um to a height H
of the column spacer 151a.

The width D of the column spacer 151a depends on the
shape of the base surface of the column spacer 151a with the
color filter array substrate 200. In an embodiment of the
present invention, the base surface of the column spacer 151a
has the shape of a regular quadrilateral having four sides of
the same length. In this case, the width of the column spacer
151a corresponds to one side of the quadrilateral, which is the
shape of the base surface of the column spacer 151a. The
column spacer 151a includes a portion with an uneven-sur-
face due to the protrusions of the column spacer 151a. The
portion with the uneven-surface has a depth A from the peak
of a protrusion to the bottom of a recess.

FIG. 9B is a cross-sectional view of an exemplary column
spacer on a color filter array substrate of an LCD device
according to another embodiment of the present invention.
Referring to FIG. 9B, a column spacer 1514 is formed on the
color filter array substrate 200. The column spacer 1515
includes protrusions and recesses. In this embodiment of the
present invention, the column spacer 1516 has relatively
small recesses and relatively large protrusions. Accordingly, a
cross-section dimension of the recess, which is the maximum
width of the recess, is close to ‘0. An interval B between the
peaks of adjacent protrusions is close to the cross-section
dimension C' of the protrusions. As shown in FIG. 9B, the
protrusion is larger than the recess, and a depth A' from a peak
of the protrusion to a bottom of the recess is relatively small
in comparison with the depth A of the column spacer 151a
shown in FIG. 9A (A'<A).

FIG. 9C 1s a cross-sectional view of an exemplary column
spacer on a color filter array substrate of an LCD device
according to another embodiment of the present invention.
Referring to FIG. 9C, a column spacer 151¢ is formed on the
color filter array substrate 200. The column spacer 151¢
includes protrusions and recesses. In comparison with the
column spacer of F1IG. 9A, the column spacer 151¢ of FIG. 9C
has arelatively small protrusion and a relatively large recess.
Accordingly, the cross-section dimension C" of the protru-
sion is smaller than the cross-section dimension E" of the
recess. Similarly to FIG. 9A, a depth A" from the peak of the



US 7,826,026 B2

13

protrusion to the bottom of the recess is in the range between
about 0.1 um and a height H of the column spacer 151¢.

The protruding contact surface of the column spacer 151c,
which includes the protrusions and recesses, contacts the step
difference part 160 of the TFT array substrate 100 (shown in
FIG. 7). Specifically, the peaks of the protrusions contact the
step difference part 160 of the TFT array substrate 100
(shown in FIG. 7). If the column spacer 151c¢ is pressed
against the substrate by an external force, such as bonding, the
protrusions including the peaks are pressed more against the
step difference part 160. As a result, the contact area of the
column spacer 151¢ with the TFT array substrate 100 corre-
sponds to the peaks or the surrounding portions of the peaks.

According to embodiments of the present invention, the
peaks of the protrusions are in contact with the TFT array
substrate. Thus, the column spacer has a relatively small
contact area with the TFT array substrate. Accordingly, dur-
ing the bonding process, the pressure generated by the applied
external force is larger in comparison to the pressure gener-
ated by the same external force on a larger contact area.
Accordingly, when the column spacer is being pressed, the
protrusions of the column spacer, being in contact with the
step difference part 160, are subjected to a higher pressure, in
comparison with the related art. The pressure exerted by the
column spacer prevents gravity defect when thermal expan-
sionofliquid crystal at ahigh temperature makes it difficult to
maintain a cell gap between the TFT array substrate 100 and
the color filter array substrate 200.

FIG. 10 is a cross-sectional view of an exemplary LCD
device according to an embodiment of the present invention.
As shown in FIG. 10, the LCD device includes a TFT array
substrate 100, a color filter array substrate 200, a step differ-
ence part 160, and a column spacer 152. The step difference
part 160 may be a thin film transistor or a protruding pattern
on the TFT array substrate 100. The column spacer 152 is
patterned on an inner surface of the color filter array substrate
200 facing the step difference part 160 of the TFT array
substrate 100. Thus, the column spacer 152 contacts the inner
surface of the color filter substrate 200 through a base surface.
The column spacer 152 contacts the step difference part 160
through a protruding contact surface. The column spacer 152
is provided with a plurality of protrusions.

The column spacer 152 is formed within the base surface
with the color filter array substrate 200. The base surface may
be shaped as a regular quadrilateral, such as a rectangle. The
base surface may also be a polygon, such as a pentagon, or a
circle. Ifthe column spacer 152 is formed within a rectangular
area of the color filter array 200, a width D of the column
spacer 152 corresponds to a length or a width of the rectangle.
If the column spacer 152 is formed within a circular area of
the color filter array 200, a diameter of the circle corresponds
to the width D of the column spacer 152.

In an embodiment of the present invention, one protrusion
may be formed in direct lateral contact with an adjacent
protrusion as shown in the drawings. Alternatively, one pro-
trusion may be formed at a distance from the adjacent protru-
sion. In the latter case, when forming one protrusion at a
specified distance from the adjacent protrusion, a portion of
the surface of the color filter array substrate between the two
adjacent protrusions, is externally exposed.

An interval B between peaks of two adjacent protrusions
depends on the width D ofthe column spacer 152, the number
of protrusions on one column spacer 152, or a cross-section
dimension C of the protrusion. For example, as depicted in
FIG. 10, if the column spacer includes two protrusions, has a
width D of about 20 um, and the protrusions are directly
adjacent, the interval B between the two peaks of the adjacent
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protrusions corresponds to the cross-section dimension C of
the protrusion, about 10 pm. The width D of one column
spacer 152 is about 15 pum to 40 nm, and the height H of the
column spacer 152, from a surface (interior surface of over-
coat layer or common electrode) of the color filter array
substrate 200 to the peak of the protrusion, is about 2 umto 5
pm.

According to an embodiment of the present invention, the
column spacer 152 of LCD device includes a plurality of
protrusions. As discussed above, when pressure is applied
through the base surface to the column spacer 152, the peaks
of the protrusions, or the area surrounding the peaks of the
protrusions, are pressed against the step difference part 160 of
the TFT array substrate 100.

In the LCD device according to an embodiment of the
present invention, the protruding contact surface of the col-
umn spacer 152 contacts the step difference part 160 of the
TFT array substrate 100. Like the thin film transistor for
driving a pixel electrode in each pixel region, the step differ-
ence part 160 may have an additional protruding pattern on
relatively high portions or specific portions of the TFT array
substrate 100. Herein, the protruding pattern is formed of a
semiconductor layer at a lower portion thereof, and source
and drain electrodes at an upper portion thereof. Also, the
protruding patterns may be formed at fixed intervals on a
plurality of gate lines.

FIG. 11 is a plane view of an exemplary IPS mode LCD
device according to an embodiment of the present invention.
FIG. 12 is a cross-sectional view along line V-V' of FIG. 11
showing an exemplary column spacer facing a protruding
pattern according to an embodiment of the present invention.
The LCD device operates in an In-Plane Switching (IPS)
mode i.e., the applied electric field is in parallel to the TFT
array substrate and the color filter array substrate. A step
difference part of the TFT array substrate includes a protrud-
ing pattern 51. A column spacer 150 is formed facing the
protruding pattern 51.

Referring to FIG. 11 and FIG. 12, the LCD device includes
a TFT array substrate 100, a color filter array substrate 200, a
column spacer 150, and a liquid crystal layer 55. A protruding
pattern 51 is formed in a portion of a gate line 41 on the TFT
array substrate 100. The color filter array substrate 200 is
formed facing the TFT array substrate 100. The column
spacer 150 is formed facing the protruding pattern 51 of the
TFT array substrate 100. The column spacer 150 includes a
plurality of protrusions and/or recesses. The liquid crystal
layer 55 is formed between the TFT array substrate 100 and
the color filter array substrate 200.

The TFT array substrate 100 includes the gate line 41, a
data line 42, a thin film transistor TFT, the protruding pattern
51, acommon electrode 474, a pixel electrode 43, a common
line 47, and a storage electrode. The gate line 41 crosses
perpendicularly the data line 42, to define a pixel region. The
thin film transistor TFT is formed at a crossing point of the
gate line 41 and the data line 42. The protruding pattern 51 is
formed at the same position on the gate line 41 in every
sub-pixel.

The common electrode 47a and the pixel electrode 43 are
alternately formed in a zigzag pattern within the pixel region.
The common line 47 is formed in parallel to the gate line 41
across the pixel region. The common line 47 is connected
with the common electrode 47a. The storage electrode par-
tially overlaps the common line 47 within the pixel region.
The storage electrode extends from the pixel electrode 43.
The data line 42 is formed parallel to the common electrode
47q and the pixel electrode 43 in a zigzag pattern.
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The thin film transistor TFT includes a gate electrode 41a,
a source electrode 424, a drain electrode 425, and a semicon-
ductor layer 44. The gate electrode 41a protrudes from the
gateline 41. The source electrode 42a and the drain electrode
42b are formed at a specified interval from each other. The
source electrode 424 and the drain electrode 425 overlap both
sides of the gate electrode 41a. Thus, a channel is formedinan
area between the source electrode 424 and the drain electrode
42b. Then, the semiconductor layer 44 is formed below metal
layers of the data line, the source electrode, and the drain
electrode.

The semiconductor layer 44 is formed by sequentially
depositing an amorphous silicon layer 44a and an n-type
layer 44b. The n-type layer 445 is removed in the portion
corresponding to the channel. Thereafter, a gate insulating
layer 45 is formed on the entire surface of the TFT array
substrate 100 below the semiconductor layer 44. The gate
insulating layer 45 covers the gate line 41 and the gate elec-
trode d1a. A passivation layer 46 is interposed between the
drain electrode 425 and the pixel electrode 43. The drain
electrode 424 contacts the pixel electrode 43 through ahole in
the passivation layer 46.

The protruding pattern 51 is formed at the same position in
each sub-pixel of the TFT array substrate 100. The protruding
pattern 51 is formed above the gate line 41. The protruding
pattern 51 includes the semiconductor layer 44, which
includes sequentially the amorphous silicon layer 4da and the
n-type layer 44b, at a lower portion thereof. The protruding
pattern 51 also includes the source and drain electrodes 42¢ at
an upper portion thereof.

The protruding pattern 51 is defined during the process of
forming the data line 42. Also, since the gate insulating layer
45 is interposed between the gate line 41 and the protruding
pattern 51, the gate line 41 is insulated from the protruding
pattern 51. The common line 47 and the common electrode
47a extending from the common line 47 are formed during
the process for forming the gate line 41. The pixel electrode
43 is formed on the passivation layer 46 including the hole.

The color filter array substrate 200 includes a black matrix
layer 31, an R, G and B color filter layer 32, and an overcoat
layer 33. The black matrix layer 31 is formed on the color
filter array substrate 200 to shield the light in a corresponding
non-pixel region i.e., the areas of the gate line, the data line,
and the thin film transistor. The R, G and B color filter layer 32
is formed on the entire surface of the color filter array sub-
strate 200 including the black matrix layer 31, in correspon-
dence with each sub-pixel. The overcoat layer 33 is formed on
the entire surface of the color filter array substrate 200, to
planarize the entire surface of the color filter array substrate
200 including the R, G and B color filter layer 32.

The column spacer 150 is formed by coating a positive
photosensitive resin, a negative photosensitive resin, or an
organic insulating layer on the overcoat layer 33, and pattern-
ing the positive photosensitive resin, the negative photosen-
sitive resin, or the organic insulating layer. Thereby, the plu-
rality of protrusions and/or recesses is formed. As described
above, after completing the alignment of the TFT array sub-
strate 100 and the color filter array substrate 200, an align-
ment material is printed on outer surfaces of the TFT array
substrate 100 and the color filter array substrate 200. Then,
the alignment material is rubbed to form the alignment layers
(not shown).

FIG. 13 is a plane view of an exemplary IPS mode LCD
device according to another embodiment ofthe present inven-
tion. FIG. 14 is a cross-sectional view along line VI-VI' of
FIG. 13 showing an exemplary column spacer facing a thin
film transistor according to another embodiment of the
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present invention. In the exemplary IPS mode LCD device of
FIG. 13 and FIG. 14, a step difference part is formed of a thin
film transistor TFT rather than an additional protruding pat-
tern. A column spacer 150 is formed facing the step difference
part of the thin film transistor TFT.

As shown in F1G. 13 and F1G. 14, the LCD device includes
a'TFT array substrate 100, a color filter array substrate 200, a
column spacer 150, and a liquid crystal layer 55. The TFT
array substrate 100 includes the thin film transistor TFT. The
color filter array substrate 200 is formed facing the TFT array
substrate 100. The column spacer 150 is formed on the color
filter array substrate 200 to face the thin film transistor TFT of
the TFT array substrate 100. The column spacer 150 has a
plurality of protrusions and/or recesses. Then, the liquid crys-
tal layer 55 is formed between the TFT array substrate 100
and the color filter array substrate 200.

The TFT array substrate 100 includes a gate line 41, a data
line 42, the thin film transistor TFT, a common electrode 47a,
a pixel electrode 43, a common line 47, and a storage elec-
trode. The gate line 41 crosses perpendicularly the data line
42, to define a pixel region. The thin film transistor TFT is
formed at a crossing of the gate line 41 and the data line 42.
The common electrode 47a and the pixel electrode 43 are
alternately formed in a zigzag pattern within the pixel region.
Then, the common line 47 is formed in parallel to the gate line
41 across the pixel region. The common line 47 is connected
to the common electrode 47a. The storage electrode partially
overlaps the common line 47 within the pixel region. The
storage electrode extends from the pixel electrode 43. The
data line 42 is formed parallel to the common electrode 47a
and the pixel electrode 43 in the zigzag pattern.

The thin film transistor TFT includes a gate electrode 41a,
a source electrode 424, a drain electrode 425, and a semicon-
ductor layer 44. The gate electrode 41a protrudes from the
gate line 41. Also, the source electrode 42g and the drain
electrode 425 are formed at a specified interval from each
other. The source electrode 424 and the drain electrode 426
overlap both sides of the gate electrode 41a. A channel is
formed in an area between the source electrode 42a and the
drain electrode 42b. Then, the semiconductor layer 44 is
formed below metal layers of the data line, the source elec-
trode, and the drain electrode.

The semiconductor layer 44 is formed by sequentially
depositing an amorphous silicon layer 44a and an n-type
layer 44b. The n-type layer 445 is removed in the portion
corresponding to the channel. After that, a gate insulating
layer 45 is formed on the entire surface of the TFT array
substrate 100 below the semiconductor layer 44, to cover the
gate line 41 and the gate electrode 41a, and a passivation layer
46 is interposed between the drain electrode 425 and the pixel
electrode 43. The drain electrode 425 contacts the pixel elec-
trode 43 through a hole in the passivation layer 46. Then, the
common line 47 and the common electrode 47a extending
from the common line 47 are simultaneously deposited dur-
ing the process of forming the gate line 41. Also, the pixel
electrode 43 is formed on the passivation layer 46 including
the hole.

The color filter array substrate 200 includes a black matrix
layer 31, an R, G and B color filter layer 32, and an overcoat
layer 33. At this time, the black matrix layer 31 is formed on
the color filter array substrate 200 in correspondence with a
non-pixel region i.e., the areas of the gate line, the data line,
and the thin film transistor TFT, to shield the light. Also, the
R, G and B color filter layer 32 is formed on the entire surface
of the color filter array substrate 200 including the black
matrix layer 31, in correspondence with each sub-pixel. Then,
the overcoat layer 33 is formed on the entire surface of the
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color filter array substrate 200, to planarize the entire surface
ofthe color filter array substrate 200 including the R, G and B
color filter layer 32.

The column spacer 150 is formed by coating a positive
photosensitive resin, a negative photosensitive resin, or an
organic insulating layer on the overcoat layer 33, and then
patterning the positive photosensitive resin, the negative pho-
tosensitive resin, or the organic insulating layer on the over-
coat layer 33. Thereby, the plurality of protrusions and/or
recesses is formed. As described above, after completing the
alignment of the TFT array substrate 100 and the color filter
array substrate 200, an alignment material is printed on outer
surfaces of the TFT array substrate 100 and the color filter
array substrate 200. Then, the alignment material is rubbed,
thereby forming the alignment layers (not shown).

FIG. 15 is a plane view of an exemplary TN mode LCD
device according to another embodiment ofthe present inven-
tion. FIG. 16 is a cross-sectional view along line VII-VII' of
FIG. 15 showing an exemplary column spacer facing a pro-
truding pattern according to another embodiment of the
present invention. The exemplary LCD device of FIG. 15 and
FIG. 16 operates in a TN mode (Twisted Nematic). In this
embodiment of the present invention, a step difference part of
the TFT array substrate 100 includes a protruding pattern 51.
A column spacer 150 is formed facing the protruding pattern
51.

Referring to FIG. 15 and FIG. 16, the TN mode LCD
device includes the TFT array substrate 100, a color filter
array substrate 200, the column spacer 150, and a liquid
crystal layer 55. The protruding pattern 51 is formed in a
predetermined portion of a gate line 41 on the TFT array
substrate 100. The color filter array substrate 200 faces the
TFT array substrate 100. Then, the column spacer 150 having
a plurality of protrusions and/or recesses is formed on the
color filter array substrate 200. The column spacer 150 faces
the protruding pattern 51 of the TFT array substrate 100. The
liquid crystal layer 55 is formed between the TFT array sub-
strate 100 and the color filter array substrate 200.

The TFT array substrate 100 includes the gate line 41, a
data line 42, a thin film transistor TFT, the protruding pattern
51, and a pixel electrode 43. The gate line 41 crosses perpen-
dicularly the dataline 42 to define a pixel region. The thin film
transistor TFT is formed at a crossing of the gate line 41 and
the data line 42. The protruding pattern 51 is formed at the
same position on the gate line 41 in every sub-pixel. Further,
the pixel electrode 43 is formed in the pixel region.

The thin film transistor TFT includes a gate electrode 41a,
a source electrode 424, a drain electrode 425, and a semicon-
ductor layer 44. The gate electrode 41a protrudes from the
gateline 41. The source electrode 424 and the drain electrode
42b are formed at a distance from each other. The source
electrode 42a and the drain electrode 424 overlap both sides
of the gate electrode 41a. A channel is formed in an area
between the source electrode 42¢ and the drain electrode 424.
Then, the semiconductor layer 44 is formed below metal
layers of the data line 42, the source electrode 424, and the
drain electrode 425.

The semiconductor layer 44 is formed by sequentially
depositing an amorphous silicon layer 44a and an n-type
layer 44b. The n-type layer 445 is removed in the portion
corresponding to the channel. Then, a gate insulating layer 45
is formed on the entire surface of the TFT array substrate 100
below the semiconductor layer 44 to cover the gateline 41 and
the gate electrode 41a. A passivation layer 46 is interposed
between the drain electrode 425 and the pixel electrode 43.
The drain electrode 425 contacts the pixel electrode 43
through a hole in the passivation layer 46.
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The protruding pattern 51 is formed at the same position in
each sub-pixel of the TFT array substrate 100. The protruding
pattern 51 is formed above the gate line 41. Also, the protrud-
ing pattern 51 is formed of the semiconductor layer 44, which
includes sequentially the amorphous silicon layer 444 and the
n-type layer 445 at alower portion thereof, and the source and
drain metal layers 42¢ at an upper portion thereof. The pro-
truding pattern 51 is defined during the process of forming the
data line 42. Also, since the gate insulating layer 45 is inter-
posed between the gate line 41 and the protruding pattern 51,
the gate line 41 is insulated from the protruding pattern 51.
The passivation layer 46 is formed on the entire surface of the
TFT array substrate 100 including the data line 42 and the
protruding pattern 51.

The color filter array substrate 200 includes a black matrix
layer 31, an R, G and B color filter layer 32, and a common
electrode 34. The black matrix layer 31 is formed on the color
filter array substrate 200 and faces a non-pixel region i.e., the
areas of the gate line, the data line, and the thin film transistor.
The black matrix layer 31 shields the non-pixel region from
light. Also, the R, G and B color filter layer 32 is formed on the
entire surface of the color filter array substrate 200 including
the black matrix layer 31, in correspondence with each sub-
pixel. The common electrode 34 is formed on the entire
surface of the color filter array substrate 200 including the
color filter layer 32.

The column spacer 150 is formed by coating a positive
photosensitive resin, a negative photosensitive resin, or an
organic insulating layer on the common electrode 34, and
patterning the coated material. Thereby, the plurality of pro-
trusions and/or recesses is formed. As described above, after
completing the alignment of the TFT array substrate 100 and
the color filter array substrate 200, an alignment material is
printed on outer surfaces of the TFT array substrate 100 and
the color filter array substrate 200. Then, the alignment mate-
rial is rubbed, thereby forming the alignment layers (not
shown).

FIG. 17 is a plane view of an exemplary TN mode LCD
device according to another embodiment of the present inven-
tion. FIG. 18 is a cross-sectional view along line VIII-VIII' of
FIG. 17 showing an exemplary column spacer facing a thin
film transistor according to another embodiment of the
present invention. In the exemplary TN mode LCD device of
FIG. 17 and FIG. 18, a step difference part is formed of a thin
film transistor TFT rather than forming an additional protrud-
ing pattern 51. A column spacer 150 is formed facing the step
difference part.

Referring to FIG. 17 and FIG. 18, the TN mode LCD
device includes a TFT array substrate 100, a color filter array
substrate 200, a column spacer 150, and a liquid crystal layer
55. The TFT array substrate 100 includes the thin film tran-
sistor TFT. The color filter array substrate 200 is formed
facing the TFT array substrate 100. Also, the column spacer
150 is formed on the color filter array substrate 200 and faces
the thin film transistor TFT of the TFT array substrate 100.
The column spacer 150 has a plurality of protrusions and/or
recesses. Then, the liquid crystal layer 55 is formed between
the TFT array substrate 100 and the color filter array substrate
200.

The TFT array substrate 100 includes a gate line 41, a data
line 42, the thin film transistor TFT, and a pixel electrode 43.
The gate line 41 crosses perpendicularly the data line 42 to
define a pixel region. The thin film transistor TFT is formed at
a crossing of the gate line 41 and the data line 42. The pixel
electrode 43 is formed in the pixel region.

The thin film transistor TFT includes a gate electrode 41a,
a source electrode 424, a drain electrode 425, and a semicon-
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ductor layer 44. The gate electrode 41a protrudes from the
gate line 41. Also, the source electrode 42¢ and the drain
electrode 425 are spaced from each other. The source elec-
trode 42a and the drain electrode 425 overlap with both sides
of the gate electrode 41a. A channel is formed in an area
between the source electrode 42¢ and the drain electrode 424.
Then, the semiconductor layer 44 is formed below metal
layers of the data line 42, the source electrode 424, and the
drain electrode 425.

The semiconductor layer 44 is formed by sequentially
depositing an amorphous silicon layer 44a and an n-type
layer 44b. The n-type layer 44 is removed in a portion
corresponding to the channel. Then, a gate insulating layer 45
is formed on the entire surface of the TFT array substrate 100
below the semiconductor layer 44 to cover the gateline 41 and
the gate electrode 41a. A passivation layer 46 is interposed
between the drain electrode 425 and the pixel electrode 43.
The drain electrode 426 contacts the pixel electrode 43
through a hole in the passivation layer 46. The pixel electrode
43 is formed on the passivation layer 46 including the hole.

The color filter array substrate 200 includes a black matrix
layer 31, an R, G and B color filter layer 32, and a common
electrode 34. The black matrix layer 31 is formed on the color
filter array substrate 200 and faces a non-pixel region i.e., the
areas of the gate line, the data line, and the thin film transistor.
The black matrix layer 31 shields the non-pixel region from
light. Also, the R, G and B color filter layer 32 is formed on the
entire surface of the color filter array substrate 200 including
the black matrix layer 31, in correspondence with each sub-
pixel. Then, the common electrode 34 is formed on the entire
surface of the color filter array substrate 200 including the
color filter layer 32.

The column spacer 150 is formed by coating a positive
photosensitive resin, a negative photosensitive resin, or an
organic insulating layer on the common electrode 34, and
patterning the coating. Thereby, the plurality of protrusions
and/or recesses is formed. As described above, after complet-
ing the alignment of the TFT array substrate 100 and the color
filter array substrate 200, an alignment material is printed on
outer surfaces of the TFT array substrate 100 and the color
filter array substrate 200. Then, the alignment material is
rubbed, thereby forming the alignment layers (not shown).

FIG. 19A is a cross-sectional view of a coating material on
a color filter array substrate in the process for fabricating a
column spacer of an LCD device according to an embodiment
of the present invention. Referring to FIG. 19A, a color filter
array 200 is prepared. The color filter array substrate 200
includes the black matrix layer (not shown), the color filter
layer (not shown), and the overcoat layer or the common
electrode (not shown). Subsequently, a coating material 201,
for example a positive photosensitive resir, is coated on the
entire surface of the color filter array substrate 200.

FIG. 19B is a schematic view of a mask for exposing
portions of the color filter array substrate in the process for
fabricating a column spacer of'an LCD device according to an
embodiment of the present invention. Referring to FIG. 198,
a diffraction exposure mask 250 is prepared. The diffraction
exposure mask 250 has a closed part, a semi-transmission part
and a transmission part therein. The closed part and the semi-
transmission part of the diffraction exposure mask 250 are
alternately provided facing corresponding portions of the col-
umn spacer to be fabricated. The transmission partis provided
in the remaining portion excluding the column spacer. In
particular, the closed part of the diffraction exposure mask
250 corresponds to the protrusions on the column spacer, and
the semi-transmission part of the diffraction exposure mask
250 corresponds to the recesses on the column spacer.
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To form the diffraction exposure mask 250, a light-shield-
ing material, such as chrome Cr, is deposited on portions of a
quartz substrate corresponding to the closed part. A plurality
of slits are formed on portions of the quartz substrate corre-
sponding to the semi-transmission part. The remaining por-
tions excluding the closed part and the semi-transmission part
form the transmission part. Herein, the plurality of slits in the
semi-transmission part can adjust light transmittance. For
example, the amount of light passing through the semi-trans-
mission part can be adjusted from 0% (no transmission) to
100% (total transmission of the incident light) according to
the number of the slits and the interval between the slits.

A portion of the diffraction exposure mask 250 corre-
sponding to the column spacer has the shape of a regular
quadrilateral having four equal sides. The closed parts are
provided at the four corners and at the center of the regular
quadrilateral. Each semi-transmission part is provided
between the closed parts in the regular quadrilateral. The
remaining portions excluding the regular quadrilateral form
the transmission part.

FIG. 19C is a cross-sectional view of an exposure step of
the color filter array substrate in the process for fabricating a
column spacer of an LCD device according to an embodiment
of the present invention. Referring to FIG. 19C, the diffrac-
tion exposure mask 250 is provided above the color filter
array substrate 200. Specifically, the diffraction exposure
mask 250 is provided close to the positive photosensitive
resin 201, at a specified distance thereof, for example about
200 pm. Then, the exposure process is performed. During the
exposure process, it is important not to stain the diffraction
exposure mask 250 with the positive photosensitive resin. The
exposed portion of the positive photosensitive resin 201 cor-
responds to the transmission part of the exposure mask 250.

FIG. 19D is a cross-sectional view of an etching step of the
color filter array substrate in the process for fabricating a
column spacer of an LCD device according to an embodiment
of the present invention. Referring to FIG. 19D, after the
exposure step, the positive photosensitive resin is developed
using the diffraction exposure mask 250. An etchant is
applied to the exposed portion of the positive photosensitive
resin. Since the positive photosensitive resin has positive
photoresist characteristics, the exposed portion is removed.
The portion of the positive photosensitive resin correspond-
ing to the closed part of the diffraction exposure mask
remains. The portion corresponding to the semi-transmission
part of the diffraction exposure mask is partially etched,
thereby relatively thinner than the portion corresponding to
the closed part of the diffraction exposure mask.

Subsequently, the color filter array substrate including the
patterned positive photosensitive resin is baked. The surface
of the positive photosensitive resin is patterned such that the
step difference corresponds to each of the transmission part,
the semi-transmission part and the closed part. Then, the
surface of the remaining positive photosensitive resin is
rounded, thereby forming the column spacer 150 having the
plurality of protrusions and recesses.

In another embodiment of the aforementioned patterning
process for forming the column spacer 150, a light-shielding
material, such as chrome (Cr), is deposited on the transparent
quartz substrate to form the closed part. Then, the column
spacer 150 may be fabricated with a half-tone mask formed
by depositing a half-tone material on the semi-transmission
part to control the light transmittance.

Positive photosensitive resin may be used for the column
spacer 150 because positive the photosensitive resin is more
suitable than negative photosensitive resin to form the
detailed pattern corresponding to the plurality of transmis-
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sion, semi-transmission and closed parts. However, when
forming large protrusions and recesses in the column spacer,
the column spacer may be formed of the negative photosen-
sitive resin.

Since the column spacer is formed by coating, exposing
and developing the photosensitive resin, the fabrication pro-
cess can be simplified. If the column spacer is formed of an
insulating layer, it is necessary to deposit a photosensitive
layer and etch the insulating layer. In contrast, if the column
spacer is formed of a photosensitive resin, there is no require-
ment for depositing the photosensitive layer and etching the
insulating layer, thereby simplifying fabrication process.

FIG. 20 is a top view of an exemplary column spacer
according to an embodiment of the present invention. Refer-
ring to F1G. 19D and FIG. 20, in the LCD device according to
an embodiment of the present invention, the base surface of
the column spacer with the color filter array substrate 200 is
shaped as a regular quadrilateral. Also, the protruding contact
surface of the column spacer with the TFT array substrate 100
includes the protrusions corresponding to the four corners
and the center of the regular quadrilateral, and the recess
between the protrusions.

FIG. 21A is a cross-sectional view of a coating material on
a color filter array substrate in a process for fabricating a
column spacer of an LCD device according to another
embodiment of the present invention. Referring to FIG. 21A,
a color filter array substrate 200 is prepared. The color filter
array substrate 200 includes the black matrix layer (not
shown), the color filter layer (not shown), and the overcoat
layer or the common electrode (not shown). Subsequently, a
coating material, for example a negative photosensitive resin
202, is coated on the entire surface of the color filter array
substrate 200.

FIG. 21B is a schematic view of a mask for exposing
portions of the color filter array substrate in the process for
fabricating a column spacer of an LCD device according to
another embodiment of the present invention. Referring to
FIG. 21B, an exposure mask 260 is prepared. The exposure
mask 260 has a closed part and a transmission part therein.
The closed part of the exposure mask 260 is provided facing
an area corresponding to the column spacer to be fabricated.
The transmission part is provided in the remaining portion
excluding the column spacer.

To form the exposure mask 260, a light-shielding material,
such as chrome (Cr), is deposited on portions of a quartz
substrate corresponding to the closed part. The distance
between the protrusions of the column spacer depends on the
distance between the transmission parts of the exposure mask
260. Furthermore, the exposure mask 260 may be formed
using a half-tone material. Thus, center and edge portions of
the transmission part have different light transmittances.
Accordingly, the negative photosensitive resin 202 may be
exposed by gradation, in accordance with the different light
transmittances in the center and edge portions of the trans-
mission part.

FIG. 21C is a cross-sectional view of an exposure step of
the color filter array substrate in the process for fabricating a
column spacer of an LCD device according to another
embodiment of the present invention. Referring to FIG. 21C,
the exposure mask 260 is provided above the color filter array
substrate 200. Specifically, the exposure mask 260 is pro-
vided close to the negative photosensitive resin 202, at a
specified distance thereof, for example about 200 pm. Then,
the exposure process is performed. During the exposure pro-
cess, itisimportant not to stain the mask 260 with the negative

10

20

25

35

40

45

60

65

22

photosensitive resin 202. The exposed portion of the negative
photosensitive resin 202 corresponds to the transmission part
of the exposure mask 260.

FIG. 21D is a cross-sectional view of an etching step of the
color filter array substrate in the process for fabricating a
column spacer of an LCD device according to another
embodiment of the present invention. Referring to FIG. 21D,
after the exposure step, the negative photosensitive resin is
developed using the exposure mask 260. An etchant is applied
to the exposed portion of the negative photosensitive resin.
The exposed portion of the negative photosensitive resin is
removed by the etchant. The unexposed portion of the nega-
tive photosensitive resin corresponding to the closed part of
the exposure mask remains.

Subsequently, the color filter array substrate including the
patterned negative photosensitive resin is baked. The protrud-
ing contact surface of the negative photosensitive resin, which
is patterned in the shape of the step difference, is rounded,
thereby forming the column spacer 152 having the plurality of
protrusions. In this case, the exposure and development pro-
cess is performed with the mask 260 on which a half-tone
material is deposited. During the exposure and development
process, the half-tone material provides a difference in light
transmittance between the center and edge portions of the
transmission part. After the exposure and development pro-
cess, the negative photosensitive resin is patterned to form the
peak corresponding to the center portion of the transmission
part, and the sloping surface from the peak to the edge por-
tion. In an another embodiment of the present invention, the
column spacer 152 may be formed with positive photosensi-
tive resin, instead of negative photosensitive resin.

FIG. 22A is a perspective view of an exemplary column
spacer according to an embodiment of the present invention.
FIG. 22B is a top view of the exemplary column spacer of
FIG. 22A. In the LCD device, according to an embodiment of
the present invention, the base surface of the column spacer
152 with the color filter array substrate 200 has a regular
quadrilateral shape. The protruding contact surface of the
column spacer with the TFT array substrate 100 is provided at
fixed intervals with protrusions corresponding to the four
corners of the regular quadrilateral.

The LCD device and the method for fabricating the same
according to embodiments of the present invention have the
following advantages. In the LCD device, the peaks of the
protrusions, or the area surrounding the peaks of the protru-
sions on the column spacer, are in contact with the step
difference part of the TFT array substrate. Thus, the contact
area between the column spacer and the TFT array substrate
is reduced. Hence, spots are not formed when the LCD panel
is touched. Moreover, the applied pressure is concentrated on
the contact points. Thus, gravity defect (an increase in margin
of gravity) is prevented due to the increase in the pressure on
the column spacer.

In embodiments of the present invention, while the shape
of the protrusions and recesses of the column spacer of the
LCD device are being changed, the density of the column
spacers on the entire LCD panel can be maintained at a level
similar to that of the related art.

In embodiments of the present invention, when pressure is
applied to the bonded substrates, the load is concentrated on
the corresponding contact area. As a result, the peak of the
protrusion in the column spacer is pressed harder, compared
withthe related art. Thus, gravity margin is increased, thereby
reducing gravity defect.

Moreover, in embodiments of the present invention, the
column spacer contacts the TFT array substrate through the
protrusions. The peaks or the surrounding portions of the
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protrusions in the column spacer formed on the color filter
array substrate are in contact with the step difference part of
the TFT array substrate. Thus, the contact area of the column
spacer with the step difference part of the TFT array substrate
is reduced. Hence, a vacuum state between the column spacer
and the step difference part is prevented. Accordingly, the
spots generated on the LCD panel by touch are easily
removed.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the liquid crystal
display device of the present invention, and the method for
fabricating the same, 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 inven-
tion provided 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 step difference part on a TFT array substrate,
wherein the step difference part is relatively higher than
other portion and the step difference part includes a
double structure of a semiconductor layer and a metal
layer, being sequentially formed;

preparing a color filter array substrate facing the TEFT array
substrate;

coating a photosensitive resin on an entire surface of the
color filter array substrate;

forming a column spacer having a plurality of protrusions
facing the step difference part of the TFT array substrate
by exposing and developing the photosensitive resin;

dispensing liquid crystal on the TFT array substrate; and

bonding the TFT array substrate and the color filter array
substrate to each other.

2. The method of claim 1, wherein forming the column

spacer includes:

preparing a mask having a closed part, a semi-transmission
part and a transmission part, above the photosensitive
resin, wherein the closed part and the semi-transmission
part are selectively formed to face a portion of the pho-
tosensitive resin corresponding to the step difference
part, and the transmission part is formed to face a
remaining portion excluding the step difference part;
and

forming the protrusions and the recesses of the column
spacer respectively facing the closed part and the semi-
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transmission part of the mask by selectively removing
corresponding portions of the photosensitive resin.

3. The method of claim 2, wherein the photosensitive resin
includes a negative photosensitive resin.

4. The method of claim 2, wherein the mask includes a
diffraction exposure mask.

5. The method of ¢laim 2, wherein the mask includes a
half-tone mask.

6. A method for fabricating a liquid crystal display device
comprising;

forming a step difference part on a TFT array substrate,

wherein the step difference part is relatively higher than
other portion and the step difference part includes a
double structure of a semiconductor layer and a metal
layer, being sequentially formed,

preparing a color filter array substrate facing the TFT array

substrate;

coating a photosensitive resin on an entire surface of the

color filter array substrate;

forming a column spacer having a plurality of protrusions

facing the step difference part of the TFT array substrate
by selectively removing the photosensitive resin;
dispensing liquid crystal on the TFT array substrate; and
bonding the TFT array substrate and the color filter array
substrate to each other.

7. The method of claim 6, wherein forming the column
spacer includes:

preparing a mask having a plurality of transmission parts

and a closed part, above the photosensitive resin,
wherein transmission parts are provided at fixed inter-
vals, the transmission parts facing a portion of the step
difference part, and the closed part facing a remaining
portion of the photosensitive resin excluding the step
difference part; and

forming a recess on the column spacer by selectively

removing the photosensitive resin, the recess facing the
transmission part of the mask.

8. The method of claim 7, wherein the photosensitive resin
includes a negative photosensitive resin.

9. The method of claim 7, wherein a half-tone material is
additionally formed on an edge portion of the transmission
part of the mask, so that a light transmittance corresponding
to a center portion of the transmission part is relatively higher
than the light transmittance corresponding to the edge portion
of the transmission part.
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