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(57) ABSTRACT

A method of manufacturing a liquid crystal display (LCD)
device and corresponding LCD device are disclosed. An
ink-jet apparatus is provided with a solution containing a
black matrix resin and ball spacers. The solution is then
coated on a predetermined portion of a substrate by the
ink-jet apparatus. This permits formation of both a black
matrix layer and ball spacers at the same time, with the ball
spacers provided in only a non-pixel area of the substrate.
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METHOD OF MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICE

[0001] This application claims the benefit of the Korean
Patent Application No. P2005-22705, filed on Mar. 18,
2005, which is hereby incorporated by reference as if fully
set forth herein.

[0002] 1. Technical Field

[0003] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to ball spacers
formed between two substrates of a liquid crystal display
(LCD) device to maintain a cell gap therebetween.

[0004]

[0005] Among various ultra-thin flat type display devices,
which include a display screen having a thickness of several
centimeters, a liquid crystal display (LCD) device can be
widely used for notebook computers, monitors, aircraft, and
etc. since it has advantages such as low power consumption
and portability.

2. Discussion of the Related Art

[0006] The LCD device includes lower and upper sub-
strates facing each other at a predetermined interval ther-
ebetween, and a liquid crystal layer formed between the
lower and upper substrates. In addition, spacers are formed
between the lower and upper substrates to maintain a cell
gap therebetween.

[0007] To form the sphere-shaped spacers of the related
art, first, ball spacers are mixed in a solution at a predeter-
mined density. The solution containing the ball spacers is
then sprayed onto the substrate through a nozzle.

[0008] In the case of the above method of spraying the
solution containing the ball spacers through the nozzle, the
ball spacers may be sprayed onto pixel regions of the
substrate, which is undesired. That is, the picture quality of
the LCD device may be deteriorated due to the ball spacers
sprayed onto the pixel regions of the LCD device. Accord-
ingly, instead of the above method of spraying the solution
containing the ball spacers through the nozzle, an ink-jet
method has been recently proposed.

[0009] FIG. 1 is a perspective view of schematically
showing a method for forming ball spacers by a related art
ink-jet method.

[0010] As shown in FIG. 1, an ink-jet apparatus 30 is
moved along in a direction (shown by the arrow) above a
substrate 10 including a pixel area and a non-pixel area.
During this process, ball spacers are dispensed onto the
non-pixel area of the substrate 10 by the ink-jet apparatus
30.

[0011] The ink-jet apparatus 30 is comprised of an ink
head for storing a solution containing the ball spacers, and
a nozzle for dispensing the solution containing the ball
spacers onto the substrate 10.

[0012] When 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. After
completing the dispensing process, the solution dispensed
on the substrate 10 dries. That is, after the solvent evaporates
from the solution, only the ball spacers remain on the
substrate 10.
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[0013] The above method of using the ink-jet apparatus
30, the ball spacers 50 are formed in the desired portion of
the substrate by controlling the nozzle. Accordingly, the ball
spacers 50 can be formed on only the non-pixel area of the
substrate 10, thereby preventing the deterioration of picture

quality.

[0014] However, even though the ball spacers 50 are
formed on the non-pixel area of the substrate 10, the ball
spacers may move from the non-pixel area to the pixel area
during transfer of the substrate 10.

[0015] In addition, when dispensing the solution contain-
ing the ball spacers through the nozzle, drops of the solution
dispensed may collect together and thus may grow in size.
In this case, the ball spacers 52 may move to the pixel area
as the drops grow in size.

[0016] As shown above, even in the case of using the
ink-jet apparatus, the ball spacers 52 may move to the pixel
area when transferring the substrate or when dispensing the
solution, thereby deteriorating the picture quality.

SUMMARY

[0017] By way of example only, in one embodiment, a
method of manufacturing an LCD device comprises provid-
ing an ink-jet apparatus having a solution containing a black
matrix (BM) resin and ball spacers, and coating the solution
on a predetermined portion of a substrate using the ink-jet
apparatus to simultaneously provide both a black matrix
(BM) layer and the ball spacers on the substrate.

[0018] In another embodiment, a method of manufactur-
ing an LCD device comprises coating a predetermined
non-pixel area of a first substrate with a solution containing
a black matrix (BM) resin and ball spacers, providing a
second substrate opposite to the first substrate, and forming
a liquid crystal layer.

[0019] In another embodiment, an L.CD device comprises
a first transparent substrate containing a black matrix (BM)
layer in a non-pixel area, the BM layer having ball spacers
dispensed therein, a second transparent substrate opposite to
the first substrate, and a liquid crystal layer disposed
between the first and second substrates.

[0020] 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

[0021] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0022] FIG. 1 is a perspective view of showing a method
for forming ball spacers by a related art ink-jet method; and

[0023] FIGS. 2A to 2C are perspective views of showing
a method for forming an LCD device according the pre-
ferred embodiment of the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0024] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Whet-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.

[0025] Hereinafter, a method of manufacturing a liquid
crystal display (LCD) device according to the present inven-
tion will be described with reference to the accompanying
drawings.

[0026] FIGS. 2A to 2C are perspective views of showing
a method for forming an LCD device according the pre-
ferred embodiment of the present invention.

[0027] As shown in FIG. 2A, an ink-jet apparatus 300
provided with a solution containing a black matrix resin and
ball spacers is prepared. The ink-jet apparatus 300 is com-
prised of an ink head (not shown) for storing the solution,
and a nozzle (not shown) for dispensing the solution onto a
substrate. The black matrix resin forms a black matrix layer
on the substrate on which it is deposited. The black matrix
layer prevents light leakage in the LCD device. The black
matrix resin comprises material commonly known to those
skilled in the art.

[0028] Then, as shown in FIG. 2B, the solution is coated
on a predetermined portion of a substrate 100 by the ink-jet
apparatus 300. Accordingly, it is possible to form both the
black matrix layer 400 and the ball spacers 500 at the same
time. The substrate 100 can be either a thin film transistor
substrate, which contains thin film transistors or other
switches, or a color filter substrate, which opposes the thin
film transistor substrate with the liquid crystal disposed
therebetween.

[0029] The solution containing the black matrix resin and
the ball spacers is coated and dried on the predetermined
portion of the substrate 100. By drying the solution, the
black matrix resin forms the black matrix layer 400, and the
ball spacers 500 is formed in the black matrix layer 400.

[0030] The process of coating the solution onto the sub-
strate may be performed by moving the ink-jet apparatus
300 above the substrate 100, or by moving the substrate 100.

[0031] Theblack matrix layer 400 is formed in a non-pixel
area of the substrate 100. That is, the ball spacers 500 are
formed only in the non-pixel area of the substrate 100 and
does not substantially move from the area in which they are
deposited.

[0032] After that, as shown in FIG. 2C, a color filter layer
700 is formed on the substrate 100 except at regions con-
taining the black matrix layer 400 and the ball spacers 500.

[0033] The color filter layer 700 is formed of pigments of
red, green and blue. As described above, the color filter layer
700 may be formed after the black matrix layer 400 and the
ball spacers 500. However, the color filter layer 700 may be
formed before the black matrix layer 400 and the ball
spacers 500.

[0034] Although not shown, a common electrode or an
overcoat layer may be formed on an entire surface of the
substrate 100. For a Twisted Nematic (TN) mode LCD
device, the common electrode is formed on the entire surface
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of the substrate 100 since the common electrode is formed
on the color filter substrate. For an In-Plane Switching (IPS)
mode LCD device, the overcoat layer is formed on the entire
surface of the substrate 100 since the common electrode is
formed on the thin film transistor substrate.

[0035] Although not shown, an alignment layer may be
formed on the entire surface of the substrate 100. The
alignment layer is formed by coating an alignment material
on the substrate 100, and providing a predetermined direc-
tion to the coated alignment material.

[0036] The above process of coating the alignment mate-
rial may be performed with the ink-jet apparatus. However,
it is not limited to the ink-jet apparatus. For example, the
process of coating the alignment material may be formed in
a spin coating method or a slit coating method.

[0037] Also, the process of providing the predetermined
direction to the coated alignment material is performed in a
rubbing-alignment method or a photo-alignment method. If
using the rubbing-alignment method, the ball spacers may
move. In this respect, it is preferable to use the photo-
alignment method when using the ball spacers.

[0038] If applying the photo-alignment method, the align-
ment material may be formed of a polyvinylcinnamate
(PVCN), polysilioxanecinnamate (PSCN), or cellulosecin-
namate (CelCN)-based compound, for example.

[0039] Although not shown, a thin film transistor substrate
is provided opposite to the substrate 100. Then, a liquid
crystal layer is formed between the two substrates, thereby
completing the LCD device.

[0040] The thin film transistor substrate contains gate and
data lines, a thin film transistor, and a pixel electrode. The
gate and data lines cross each other on a transparent sub-
strate to define a unit pixel region. The thin film transistor
includes a gate electrode, a source electrode, and a data
electrode. The thin film transistor is formed adjacent to a
crossing area of the gate and data lines. The pixel electrode
is formed in the pixel region and is connected with the drain
electrode of the thin film transistor. For an [PS mode LCD
device, a common electrode is additionally formed in par-
allel to the pixel electrode. In addition, the color filter can be
formed on the thin film transistor substrate in a COT (color
filter-on-transistor) or TOC (transistor-on-color filter)
arrangement, with the black matrix and ball spacers formed
on either the thin film transistor substrate or the substrate
opposing the thin film transistor substrate.

[0041] The liquid crystal layer may be provided using a
dispensing method or an injection method. If the dispensing
method is applied. liquid crystal is dispensed on either of the
two substrates, and then the two substrates are bonded to
each other. If the injection method is applied, after bonding
the two substrates with a sealant, liquid crystal is injected to
a space between the two substrates by capillary action using
the pressure difference between the space (which may be
under vacuum) and the external environment.

[0042] The elements provided on the substrate may be
variable on material and formation method within the scope
apparent to those skilled in the art.

[0043] 1In the method of manufacturing the LCD device,
the ball spacers and the black matrix resin are coated on the
substrate at the same time and the resin dried to form a black
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matrix layer. Accordingly, the ball spacers are formed only
in area covered by the black matrix layer. That is, the ball
spacers do not move to a pixel area, thereby improving the
picture quality. Although an ink-jet process has been
described as the method of coating the substrate, other
methods may be used such as those provided above.

[0044] Tt will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:
1. A method of manufacturing an LCD device, the method
comprising:

providing an ink-jet apparatus having a solution contain-
ing a black matrix (BM) resin and ball spacers; and

coating the solution on a predetermined portion of a
substrate using the ink-jet apparatus to simultaneously
provide both a black matrix (BM) layer and the ball
spacers on the substrate.

2. The method of claim 1, further comprising forming a
color filter layer on the substrate except portions of the
substrate containing the BM layer and the ball spacers.

3. The method of claim 2, wherein the color filter layer is
formed before the BM layer and the ball spacers.

4. The method of claim 2, wherein the color filter layer is
formed after the BM layer and the ball spacers.

5. The method of claim 2, further comprising forming a
common electrode or an overcoat layer on an entire surface
of the substrate.

6. The method of claim 2, further comprising forming an
alignment layer on an entire surface of the substrate.

7. The method of claim 6, wherein the alignment layer is
formed using a photo-alignment method.

8. The method of claim 1, further comprising:

providing another substrate opposite to the substrate; and

forming a liquid crystal layer.
9. The method of claim 8, wherein providing the other
substrate comprises:

forming gate and data lines crossing each other on a
transparent substrate, so as to define a unit pixel region;

forming a thin film transistor adjacent to 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 elec-

trode of the thin film transistor.

10. The method of claim 8, wherein forming the liquid
crystal layer comprises bonding the two substrates to each
other after dispensing liquid crystal on one of the two
substrates.

11. The method of claim 8, wherein forming the liquid
crystal layer comprises injecting liquid crystal to a space
between the two substrates after bonding the two substrates
to each other.

12. A method of manufacturing an LCD device, the
method comprising:
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coating a predetermined non-pixel area of a first substrate
with a solution containing a black matrix (BM) resin
and ball spacers;

providing a second substrate opposite to the first sub-
strate; and

forming a liquid crystal layer.

13. The method of claim 12, further comprising drying the
solution to simultaneously provide both a black matrix (BM)
layer and ball spacers on the substrate.

14. The method of claim 12, wherein the BM resin is
sufficiently thick such that as the BM resin sets, neither the
BM resin nor the ball spacers substantially impinge on a
pixel area of the first transparent substrate.

15. The method of claim 12, wherein coating the first
substrate with the solution comprises dispensing the solution
onto the first substrate using an ink-jet apparatus.

16. The method of claim 12, further comprising forming
a color filter layer on the first substrate in a pixel area of the
first substrate.

17. The method of claim 16, wherein the color filter layer
is formed before the BM layer and the ball spacers.

18. The method of claim 16, wherein the color filter layer
is formed after the BM layer and the ball spacers.

19. The method of claim 12, wherein forming the liquid
crystal layer comprises bonding the first and second sub-
strates to each other after dispensing liquid crystal on one of
the first and second substrates.

20. The method of claim 12, wherein forming the liquid
crystal layer comprises injecting liquid crystal to a space
between the first and second substrates after bonding the first
and second substrates to each other.

21. The method of claim 12, wherein the first substrate is
a thin film transistor substrate.

22. The method of claim 12, wherein the first substrate is
a color filter substrate.

23. An LCD device comprising;

a first transparent substrate containing a black matrix
(BM) layer in a non-pixel area, the BM layer having
ball spacers dispensed therein;

a second transparent substrate opposite to the first sub-
strate; and

a liquid crystal layer disposed between the first and

second substrates.

24. The device of claim 23, further comprising a color
filter layer on the first substrate in a pixel area of the first
substrate.

25. The device of claim 23, wherein the first substrate is
a thin film transistor substrate.

26. The device of claim 23, wherein the first substrate is
a color filter substrate.

27. The device of claim 23, wherein the second substrate
comprises:

gate and data lines crossing each other on the second
substrate to define a unit pixel region;

a thin film transistor adjacent to 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

a pixel electrode connected with the drain electrode of the
thin film transistor.
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