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(57) ABSTRACT

A liquid crystal display (LCD) device and a method of manu-
facturing the same is disclosed, to improve the picture quality
by preventing the movement of ball spacers from a non-pixel
area to a pixel area, in which the method includes preparing a
substrate including a pixel area and a non-pixel area; forming
a well in a predetermined portion of the non-pixel area
wherein forming the well includes coating an alignment layer
on the substrate and excluding the alignment layer from a
predetermined portion of the non-pixel area; and forming a
ball spacer in the well using an ink-jet apparatus.

7 Claims, 5§ Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING THE SAME

This application claims the benefit of Korean Patent Appli-
cation No. P2005-22704, filed on Mar. 18, 2005, which is
hereby incorporated by reference for all purposes as if fully
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 a ball spacer formed
between two substrates of a liquid crystal display (LCD)
device to maintain a cell gap therebetween.

2. Discussion of the Related Art

Among the various types of ultra-thin flat type display
devices, which include devices having display screens with a
thickness of several centimeters, liquid crystal display (LCD)
devices have advantages such as low power consumption and
portability, and are widely used in applications such as note-
book computers, monitors, and aircraft.

An LCD device includes lower and upper substrates facing
each other at a predetermined interval therebetween, and a
liquid crystal layer formed between the lower and upper
substrates. Spacers are formed between the lower and upper
substrates to maintain a cell gap therebetween.

In a related art process using sphere-shaped spacers, ball
spacers are suspended in a solvent to produce a suspension
solution having a predetermined density of ball spacers. The
solution containing the ball spacers is sprayed onto the sub-
strate through a nozzle.

When the solution is sprayed through the nozzle onto a
substrate, the ball spacers may be sprayed onto pixel regions
of the substrate where spacers are not desired, resulting in a
deterioration of the picture quality of the LCD device.
Accordingly, an ink-jet method has been proposed as an alter-
native to the solution spraying method.

FIG. 1 is a perspective view schematically illustrating a
method for forming ball spacers through a related art ink-jet
method.

As shown in FIG. 1, an ink-jet apparatus 30 is moved in the
direction indicated by the arrow above a substrate 10 includ-
ing a pixel area and a non-pixel area. While the ink-jet appa-
ratus 30 is moving above the substrate 10, ball spacers are
dispensed onto the non-pixel area of the substrate 10 by the
ink-jet apparatus 30.

The ink-jet apparatus 30 comprises an ink head for storing
a solution containing the ball spacers, and a nozzle for dis-
pensing the solution containing the ball spacers onto the
substrate 10.

As the ink-jet apparatus 30 moves above the substrate 10,
the solution containing the ball spacers is dispensed onto the
substrate 10 through the nozzle. The solution dispensed on
the substrate 10 then dries. That is, the solvent evaporates
from the solution, leaving the ball spacers on the substrate 10.

In the ink-jet apparatus 30 method described above, the
ball spacers 50 are formed in the desired portion of the sub-
strate by controlling the nozzle to control the dispensing of
solution. Accordingly, the ball spacers 50 may be formed on
the non-pixel area of the substrate 10 only, thereby preventing
the deterioration of picture quality.

However, even though the ball spacers 50 are formed on the
non-pixel area of the substrate 10, the ball spacers may be
moved from the non-pixel area to the pixel area during a
movement of the substrate 10 such as during a transfer.
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In addition, when dispensing the ball spacer solution
through the nozzle, the proximity of dispensed drops of the
solution may allow the drops to merge producing a large drop.
As the dispensed drops merge into a large drop, the ball
spacers 52 may be moved onto the pixel area of the substrate
10.

As described above, even when the ball spacers are formed
using the ink-jet apparatus, the ball spacers 52 may be moved
to the pixel area when transferring the substrate or while
dispensing the ball spacer solution, thereby deteriorating the
picture quality.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a liquid
crystal display (LCD) device which substantially obviates
one or more problems due to limitations and disadvantages of
the related art.

An advantage of the present invention is to provide a liquid
crystal display (LCD) device that prevents the movement of
ball spacers from a non-pixel area to a pixel area.

Additional advantages, objects, 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 objectives and
other 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 draw-
ings.

To achieve these objects and other advantages and inaccor-
dance with the purpose of the invention, as embodied and
broadly described herein, a method of manufacturing an LCD
device includes preparing a substrate including a pixel area
and a non-pixel area; forming a well in a predetermined
portion of the non-pixel area including coating an alignment
layer on the substrate and excluding the alignment layer from
a predetermined portion of the non-pixel area; and forming a
ball spacer in the well using an ink-jet apparatus.

In another aspect of the present invention, an LCD device
includes first and second substrates, each substrate including
apixel area and a non-pixel area; an alignment layer having a
well in the non-pixel area and formed on at least one of the
first and second substrates; a ball spacer formed in the well of
the alignment layer between the first and second substrates;
and a liquid crystal layer formed between the first and second
substrates.

It 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

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. In the
drawings:

FIG.11s a perspective view illustrating a method for form-
ing ball spacers by a related art ink-jet method,

FIGS. 24, 2B, and 2C are perspective views schematically
illustrating a method for forming an LCD device according to
an embodiment of the present invention; and
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FIGS. 3A and 3B are cross sectional views showing an
LCD device according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to embodiments of
the present invention, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

Hereinafter, a method of manufacturing a liquid crystal
display (LCD) device according to the present invention will
be described with reference to the accompanying drawings.

FIGS. 2A t0 2C are perspective views schematically illus-
trating a method for forming an LCD device according to an
embodiment of the present invention.

As shown in FIG. 2A, a substrate 100 including a pixel area
and a non-pixel area is prepared. The substrate 100 is one of
the substrates used for an LCD device, and may be a thin film
transistor substrate having a thin film transistor, or a color
filter substrate having a color filter layer. In either case, the
elements provided on the substrate may vary depending on
mode of the LCD device.

First, if the substrate 100 is a thin film transistor substrate
of a TN (Twisted Nematic) mode L.CD device, the elements
on the substrate include gate and data lines crossing each
other to define a pixel region on the transparent substrate; a
thin film transistor formed at a crossing area of the gate and
data lines and having a gate electrode, a source electrode and
a drain electrode; and a pixel electrode formed in the pixel
region and connected to the drain electrode of the thin film
transistor. In this case, for example, the area in which the gate
line, the data line and the thin film transistor are formed serves
asanon-pixel area, while the area in which the pixel electrode
1s formed serves as a pixel area.

Secondly, if the substrate 100 is a thin film transistor sub-
strate of an IPS (In-Plane Switching) mode LCD device, the
elements on the substrate include gate and data lines crossing
each other to define a pixel region on a transparent substrate;
a thin film transistor formed at a crossing area of the gate and
data lines and having a gate electrode, a source electrode and
a drain electrode; a pixel electrode formed in the pixel region
and connected to the drain electrode of the thin film transistor;
and a common electrode formed parallel to the pixel elec-
trode. Inthis case, for example, the areain which the gate line,
the data line and the thin film transistor are formed serves as
anon-pixel area, and the area in which the pixel electrode and
the common electrode are formed serves as a pixel area.

Thirdly, if the substrate 100 is a color filter substrate of a
TN mode LCD device, the elements on the substrate include
a black matrix layer for preventing light leakage formed on a
transparent substrate; a color filter layer of red, green and blue
formed on the black matrix layer; and a common electrode
formed on the color filter layer. In this case, for example, the
area in which the black matrix layer is formed serves as a
non-pixel area, and the area in which the color filter layer is
formed serves as a pixel area.

Fourthly, if the substrate 100 is used for a color filter
substrate of an IPS mode LCD device, the elements on the
substrate include a black matrix layer for preventing light
leakage, formed on a transparent substrate; a color filter layer
of red, green and blue formed on the black matrix layer; and
an overcoat layer for maintaining flatness of the substrate
formed on the color filter layer. In this case, for example, the
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area in which the black matrix layer is formed serves as a
non-pixel area, and the area in which the color filter layer is
formed serves as a pixel area.

It will be apparent to one skilled in the art that the elements
provided on the substrate 100 may be vary depending on the
materials and formation methods employed.

As shown in FIG. 2B, an alignment layer 200 may be
coated on an entire surface of the substrate 100 excluding a
predetermined portion of the non-pixel area, thereby forming
awell 250 in the predetermined portion of the non-pixel area.
Ifthe substrate 100 1s used as the thin film transistor substrate,
the well 250 may be formed in the portion corresponding to
the gate line, the data line or the thin film transistor. If the
substrate 100 is used as the color filter substrate, the well 250
may be formed in the portion corresponding to the black
matrix layer.

The process of coating the alignment layer 200 on the
substrate 100 is described below as being performed with an
ink-jet apparatus. However, the invention is not limited to
coating processes employing an ink-jet apparatus. The pro-
cess of coating the alignment layer on the substrate may be
performed with various apparatuses commonly known to
those skilled in the art. For example, the alignment layer 200
may be formed using a slit-coating method. Other application
methods which allow the alignment layer to be coated over
the substrate and which allow the coating of the alignment
layer to be excluded from a predetermined region of the
substrate may be employed. When using the ink-jet appara-
tus, it is possible to control the coating area of the alignment
layer by controlling a nozzle of the ink-jet apparatus.

After coating the alignment layer 200, an alignment pro-
cess is performed on the coated alignment layer 200 to obtain
an initial direction of liquid crystal. The alignment layer 200
may be formed of a material such as polyimide, polyamide-
based compound, polyvinyl alcohol (PVA), polyamic acid,
and a rubbing alignment process may be used to establish the
initial direction of the liquid crystal. Alternatively, the align-
ment layer 200 may be formed of a photosensitive material
such as polyvinvylcinnamate (PVCN), polysiloxanecin-
namate (PSCN), or cellulosecinnamate (CelCN)-based com-
pound, and a photo-alignment process may be used to estab-
lish the initial direction of the liquid crystal.

As shown in FIG. 2C, ball spacers 500 are formed in the
well 250 of the substrate 100 using an ink-jet apparatus 300.
The ink-jet apparatus 300 includes an ink head for storing a
solution containing the ball spacers, and a nozzle for dispens-
ing the solution containing the ball spacers onto the substrate
100.

A solution containing the ball spacers is provided to the
ink-jet apparatus 300, and the solution is dispensed to the well
250 on the substrate 100 by moving the ink-jet apparatus 300
above the substrate 100. As the dispensed solution dries, the
ball spacers remain in the well 250 of the substrate 100.
Instead of moving the ink-jet apparatus 300, the substrate 100
may be moved.

Although not shown in FIG. 2C. a second substrate is
provided opposite to the substrate 100. A liquid crystal layer
1s formed between the two substrates, and the two substrates
are bonded to each other to complete the LCD device.

If the substrate 100 corresponds to the thin film transistor
substrate (TN mode or IPS mode), the opposite substrate
corresponds to the color filter substrate (TN mode or IPS
mode, respectively). If the substrate 100 corresponds to the
color filter substrate (TN mode or IPS mode), the opposite
substrate corresponds to the thin film transistor substrate (TN
mode or IPS mode, respectively).
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The liquid crystal layer may be formed using a dropping
method or an injection method. In the dropping method,
liquid crystal is dropped onto one of the two substrates before
bonding the two substrates to each other. In the injection
method, after bonding the two substrates with a sealant, liquid
crystal is injected to a space between the two substrates using
capillary phenomenon and a pressure differential.

An LCD device that may be manufactured using the above
method will be described with reference to FIGS. 3A and 3B.

FIGS. 3A and 3B are cross sectional views illustrating an
LCD device according to an embodiment of the present
invention.

As shown in FIGS. 3A and 3B, the LCD device according
to an embodiment of the present invention includes a first
substrate 100q, a second substrate 1005, an alignment layer
200¢ or 2005, aball spacer 500 and a liquid crystal layer 600.

The alignment layer 200a or 2005 is formed on any one of
the first and second substrates 100¢ and 1005. The ball spacer
500 is formed between the first and second substrates 1004
and 1005, and the liquid crystal layer 600 is formed between
the first and second substrates 100a and 1005.

The first substrate 100a corresponds to a thin film transistor
substrate having a thin film transistor. The second substrate
1005 corresponds to a color filter substrate having a color
filter layer. A detailed explanation of the thin film transistor
and the color filter layer will be omitted, as the details are
identical to those described above.

As shown in FIGS. 3A and 3B, the alignment layer 200a or
2005 may be formed on any one of the first and second
substrates 100a and 1005. However, the alignment layers may
be formed on both the first and second substrates 100a and
1004.

The alignment layer 200a or 2005 is not formed on an
entire surface of the substrate 1002 or 1005. Instead, the
alignment layer is formed on the substrate excluding a pre-
determined portion, thereby forming a well 250 having no
alignment layer within the predetermined portion. As shown
i FIG. 3A, if the well 250 is formed on the thin film transistor
substrate 1004, the well 250 may be formed in an area corre-
sponding to a gate line, a data line or a thin film transistor.
Referring to FIG. 3B, if the well 250 is formed on the color
filter substrate 1005, the well 250 may be formed in an area
corresponding 1o a black matrix layer. In either case, the well
250 1s formed in a non-pixel area of the substrate 100a or
1004.

Because the ball spacer 500 is formed in the well 250 in a
non-pixel area the ball spacer 500 is prevented from moving
1o a pixel area.

As mentioned above, the LCD device according to the
present invention has the following advantages.

When forming the alignment layer of the LCD device
according to the present invention, a well is formed in a
predetermined portion of the non-pixel area using an appara-
tus such as an ink-jet apparatus, and a ball spacer is formed in
the well in the non-pixel area. Accordingly, it is possible to
improve the picture quality by preventing the ball spacer from
moving to the pixel area.

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

20

25

35

40

45

50

6

invention. Thus, it is intended that the present invention cov-
ers the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A method of manufacturing a liquid crystal display
device comprising:

preparing a first substrate including a pixel area and a

non-pixel area, wherein preparing the first substrate
includes: forming gate and data lines on the first sub-
strate, the gate and data lines crossing each other to
define a unit pixel region; forming a thin film transistor
at a crossing area of the gate and data lines, the thin film
transistor including a gate electrode, a source electrode
and a drain electrode; and forming a pixel electrode
connected with the drain electrode of the thin film tran-
sistor;

forming a well corresponding to the thin film transistor of

the non-pixel area wherein forming the well includes:
coating an alignment layer on the first substrate, and
excluding the alignment layer from the thin film transis-
tor of the non-pixel area; and

forming a ball spacer in the well to prevent the balls spacer

from moving to the pixel area using an ink-jet apparatus,
wherein forming the ball spacer in the well using the
ink-jet apparatus includes: supplying a solution contain-
ing the ball spacer as solid state to the ink-jet apparatus;
dispensing the solution onto a predetermined portion of
the first substrate by moving the ink-jet apparatus above
the first substrate; and drying the solution containing the
ball spacer to remove a solvent of the solution from the
first substrate.

2. The method of claim 1, further comprising a second
substrate having a pixel area and a non-pixel area includes:

forming a black matrix layer on the non-pixel area of the

second substrate to prevent light leakage; and

forming a color filter layer of green, red and blue on the

second substrate including the black matrix layer.

3. The method of claim 2, further comprising:

forming a liquid crystal layer between the first substrate

and the second substrate; and

bonding the first and second substrates to each other.

4. The method of claim 3, wherein forming the liquid
crystal layer includes:

dropping liquid crystal onto any one of the first substrate

and the second substrate before bonding the first and
second substrates to each other.

5. The method of claim 3, wherein forming the liquid
crystal layer includes:

injecting liquid crystal to a space between the first and

second substrates after bonding the first and second sub-
strates to each other.

6. The method of claim 1, wherein the coating the align-
ment layer is performed using an ink-jet apparatus.

7. The method of claim 6, wherein excluding the alignment
layer from a predetermined portion of the non-pixel area
includes:

controlling a nozzle of the ink-jet apparatus.
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