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1
PATTERNING METHOD AND METHOD FOR
MANUFACTURING LIQUID CRYSTAL
DISPLAY DEVICE USING THE SAME

This application claims the benefit of Korean Patent Appli-
cation No. P2005-134118, filed on Dec. 29, 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 liquid crystal display
(LCD) devices, and more particularly, to a patterning method
for an LCD device.

2. Discussion of the Related Art

Among various ultra-thin flat type display devices, which
include a display screen having a thickness of no more than
several centimeters, liquid crystal display (LCD) devices are
widely used for notebook computers, monitors, aircraft, etc.
because they have advantages such as low power consump-
tion and portability.

AnLCD 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.

The lower substrate includes a gate line, a data line, and a
thin film transistor. The gate line is formed perpendicular to
the data line to define a unit pixel region. The thin film
transistor is formed adjacent to a crossing of the gate and data
lines and serves as a switching device. A pixel electrode is
connected to the thin film transistor.

The upper substrate includes a black matrix layer for
shielding the gate line, the data line and the thin film transistor
from light, a color filter layer formed on the black matrix
layer, and a common electrode formed on the color filter
layer.

The above-described LCD device includes various ele-
ments formed by repeated steps. Photolithography may be
used to form the elements in various shapes.

A patterning method using a photolithographic process of
the related art will be described with reference to FIGS. 1A to
1C.

FIGS. 1A to 1C are cross sectional views illustrating a
patterning method using a photolithography of the related art.

As shown in FIG. 1A, a pattern material layer 20 is formed
on a substrate 10, and a layer of photoresist 21 is formed on
the pattern material layer 20.

As shown in FIG. 1B, a mask 30 with a predetermined
pattern is positioned above the photoresist layer 21, and then
light is provided to the substrate 10 by an exposure apparatus.

As shown in FIG. 1C, the photoresist layer 21 is patterned
using a development process. The pattern material layer 20 is
etched using the patterned photoresist layer 21 as a mask, to
obtain a desired pattern 20a.

The above photolithographic process uses a photoresist
layer and a mask with the predetermined pattern that
increases the manufacturing cost for an LCD device. In addi-
tion, photolithography requires exposure and development,
which are complicated processes that increase the manufac-
turing time of LCD devices.

To overcome these problems associated with photolithog-
raphy, new patterning methods has been developed using a
printing method using a printing roller.

A patterning method using a printing roller according to
the related art will be described with reference to the FIGS.
2A to 2D.
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FIGS. 2A to 2D are cross sectional views illustrating a
process for forming a pattern material layer on a substrate
with a printing roller according to the related art.

As shown in FIG. 2A, a pattern material 20 is coated onto
a printing plate 40 having recesses and lands.

As shown in FIG. 2B, a blade 35 is used to remove pattern
material 205 from the surface of the printing plate 40, leaving
pattern material 20a in the recesses of the printing plate 40.

As shown in FIG. 2C, a printing roller 50 is rolled across
the printing plate 40. The pattern material 20a remaining in
the recesses is printed onto the printing roller 50, forming a
predetermined pattern on the printing roller 50.

Referring to FIG. 2D, by rolling the printing roller 50
having the pattern material 20a coated thereonto on a sub-
strate 10, the pattern material 20a of the printing roller 50 is
printed onto the substrate 10.

The patterning method using the printing roller and the
printing plate does not require a mask having a predetermined
pattern, and does not require exposure or development pro-
cesses, thereby decreasing the manufacturing cost and time.

However, the patterning method using the printing roller
according to the related art has the following disadvantages.

In the pattering method using the printing roller and the
printing plate according to the related art, as shown in FIG.
2B, the pattern material 20 is coated onto the printing plate 40,
and the pattern material 205 is removed from the surface of
the printing plate using a blade 35 to leave the pattern material
only in the recesses of the printing plate 40. The removal of
pattern material 205 from the surface of the printing plate may
be incomplete, leaving residue in the portions of the printing
plate other than the recesses. The pattern material left in the
recesses may be non-uniform. Further, applying the pattern
material 205 to the printing plate and then removing portions
of the pattern material from the printing plate increases manu-
facturing cost due to the waste of pattern material.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a pattern-
ing method and a method for manufacturing a liquid crystal
display (LCD) device using the same that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art.

An advantage of the present invention is to provide a pat-
terning method and a method for manufacturing an LCD
device using the same, to improve the preciseness of printing,
and to reduce cost and waste of material.

Additional features and advantages of the invention will be
set forth 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 par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a patterning method includes: preparing a
printing plate having recesses and lands; dropping a pattern
material in the recesses of the printing plate; rolling a printing
roller on the printing plate to print the pattern material in the
recesses onto the printing roller; and rolling the printing roller
on a substrate to print the pattern material on the printing
roller onto the substrate.

In another aspect of the present invention, a method for
manufacturing an LCD device includes: preparing first and
second printing plates having concave and convex portions;
coating a black matrix material in the concave portion of the
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first printing plate; rolling a first printing roller on the first
printing plate to print the black matrix material on the first
printing roller; forming a black matrix layer on a substrate by
rolling the first printing roller on the substrate to print the
black matrix material on the substrate; coating a color filter
material in the concave portion of the second printing plate;
rolling a second printing roller on the second printing plate to
print the color filter material of the concave portion on the
second printing roller; and forming a color filter layer on the
substrate including the black matrix layer by rolling the sec-
ond printing roller on the substrate including the black matrix
layer to print the color filter material on the substrate includ-
ing black matrix layer.

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 specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIGS. 1A, 1B, and 1C are cross sectional views illustrating
a patterning method using a photolithography of the related
art;

FIGS. 2A, 2B, 2C, and 2D are cross sectional views illus-
trating a patterning method using a printing roller according
to the related art;

FIGS. 3A, 3B, 3C, and 3D are cross sectional views illus-
trating a patterning method according to the first embodiment
of the present invention;

FIGS. 4A, 4B, 4C, and 4D are cross sectional views illus-
trating a patterning method according to the second embodi-
ment of the present invention; and

FIGS. 5A, 5B, 5C, and 5D are cross sectional views illus-
trating a method for manufacturing an LCD device according
to the present invention; and FIGS. 6A and 6B are cross
sectional view illustrating an another method for manufactur-
ing an LCD device according to 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 patterning method and a method for manu-
facturing an LCD device according to the present invention
will be described with reference to the FIGS. 3A to 3D.

FIGS. 3A to 3D are cross sectional views illustrating a
patterning method according to a first embodiment of the
present invention.

In the patterning method according to the first embodiment
of the present invention, a predetermined material layer is
formed on a predetermined portion of a substrate excluding a
pattern area, and a hydrophobic material is coated on a surface
of the predetermined material layer. A pattern material layer
is formed on the substrate excluding the predetermined mate-
rial layer using an ink-jet method, whereby the pattern mate-
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4

rial layer is printed on a printing roller. For example, the
predetermined material layer may be formed of a black
matrix layer.

As shown in FIG. 3A, the black matrix layer 230 is formed
on a hydrophilic substrate 100 excluding the pattern area. The
black matrix layer 230 may be formed using photolithogra-
phy.

As shown in FIG. 3B, a hydrophobic treatment is applied to
the surface of the black matrix layer 230, to thereby form a
hydrophobic layer 260 to form a printing plate having the
black matrix layer 230 and the hydrophobic layer 260 is
prepared.

The pattern material layer is a hydrophilic material. That s,
if the hydrophobic layer 260 were not formed on the surface
ofthe black matrix layer 230, the pattern material layer would
permeate into the black matrix layer 230, and the printed
pattern material would not be precisely formed for printing
the pattern material on the printing roller. Forming the hydro-
phobic layer 260 on the surface of the black matrix layer 230
prevents the permeation of the pattern material layer into the
black matrix layer.

As shown in FIG. 3C, a pattern material is dropped onto the
substrate 100 corresponding to the pattern area, that is, the
portion of the substrate having no black matrix layer 230,
using a precision nozzle 600.

After dropping an appropriate amount of the pattern mate-
rial as shown in FIG. 3D, the pattern material is printed on the
printing roller by rolling the printing roller on the printing
plate. The pattern material is then printed onto a substrate for
an LCD device by rolling the printing roller on an LCD
substrate.

By forming the pattern using an ink-jet method employing
a precision nozzle, it is possible to decrease the consumption
of pattern material.

In the above description of the embodiment illustrated in
FIGS. 3A to 3D, the predetermined material layer 230 is
described as being a hydrophilic, black matrix pattern mate-
rial, while the pattern material is described as also hydro-
philic. However, the predetermined material and the pattern
material may have other combinations of hydrophobic and
hydrophilic properties. When the predetermined material
layer 230 and the pattern material have opposite properties,
for example, when the predetermined material layer is hydro-
phobic while the pattern material is hydrophilic is hydro-
philic, the hydrophobic layer 260 may be omitted. However,
when the pattern material and the predetermined material
layer have the same property, that is when both are either
hydrophobic or hydrophilic, the layer 260 is chosen to have
the opposite property from the pattern material and the pre-
determined material. For example, when the pattern material
and the predetermined material 230 are both hydrophobic, the
hydrophobic layer 260 described above is replaced with a
hydrophilic layer.

Alternatively, a recess may be formed in a glass substrate
without forming a black-matrix layer, and a pattern material
may be dropped in the recess of the glass substrate to form a
desired pattern. This method will be explained in detail with
reference to FIGS. 4A to 4D.

FIGS. 4A to 4D are cross sectional views of illustrating a
patterning method according to a second embodiment of the
present invention.

As shown in FIG. 4A, a printing plate 400 having recesses
430 and lands 460 is prepared. The printing plate 400 may be
formed from a glass, organic or inorganic material.

The bottom of a recess 430 formed in the printing plate 400
may be hydrophilic. By forming printing plate 400 of material
having a strong hydrophilic property, performing an addi-
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tional hydrophilic treatment to the bottom of the recess 430 of
the printing plate 400 may be avoided. However, if the print-
ing plate 400 is formed of a hydroxyl-based or carbonyl-
based organic material, a hydrophilic treatment using oxygen
plasma may be applied to the bottom of a recess 430 of the
printing plate 400.

When the bottom of the recesses 430 of the printing plate
400 have a strong hydrophilic property, the pattern material
effectively spreads over the bottom of the recesses 430.

The printing plate 400 has lands 460 to which a hydropho-
bic treatment may be applied. Alternatively, the printing plate
400 may be formed of a material having a strong hydrophilic
property. When the lands 460 of the printing plate 400 have a
strong hydrophobic property, coating of the pattern material
onto the upper surface of the lands 460 may be prevented.

The hydrophobic treatment may include treating the lands
460 of the printing plate 400 with fluoric carbon CF , plasma.

The pattern material is dropped into a recess of the printing
plate using at least one precision nozzle 600. When using one
precision nozzle 600, the precision nozzle 600 is moved to
each recess 430. When using a plurality of precision nozzles,
it is possible to decrease the process time by reducing or
eliminating motion of the precision nozzles 600.

The pattern material is dropped only in the recesses 430
and coats only the recesses of the printing plate 400. Accord-
ingly, a residue may be avoided reducing material costs and
manufacturing costs.

The printing plate 400 can be reused reducing the pro-
cesses used for forming a complicated pattern.

After dropping the appropriate amount of pattern material
200q in a recess 430 using the precision nozzle 600 as shown
in FI1G. 4B, a printing roller 500 is rolled on the printing plate
400, as shown in FIG. 4C. The pattern material 200a from the
recess 430 of the printing plate 400 is printed on the surface of
the printing roller 500, whereby the pattern material 200a
having the predetermined pattern is formed on the printing
roller 500.

A blanket 550 of Si-based resin is formed on the surface of
the printing roller 500. The blanket 550 of Si-based resin has
elasticity to decrease friction between the printing roller 500
and the printing plate 400, and between the printing roller 500
and a substrate 100.

As shown in FIG. 4D, by rolling the printing roller 500 on
the substrate 100, the pattern material 200« is printed on the
substrate 100, forming the pattern material 200a in the pre-
determined pattern on the substrate 100.

In the above description of the embodiment illustrated in
FIGS. 4A to 4D, the pattern material is described as being
hydrophilic, while the lands of the printing plate are hydro-
phobic and the recesses of the printing plate are hydrophilic.
Alternatively, a hydrophobic pattern material may be used in
which case the lands of the printing plate are hydrophilic, and
the recesses of the printing plate are hydrophobic. If the
printing plate is made of a hydrophobic material, the lands of
the printing plate may be made hydrophilic by treatment such
as a treatment with an oxygen plasma. If the printing plate is
made of a hydrophilic material, the recesses of the printing
plate may be made hydrophobic by treatment such as a treat-
ment with a fluoric carbon plasma.

In the above-described embodiment, the pattern material is
prevented from coating the lands of the printing plate by
controlling a hydrophobic or hydrophilic property of the
lands to be opposite that of the pattern material. Alternatively,
the depth of the pattern material in the recesses may be con-
trolled during dropping of the pattern material to prevent
coating of the lands of the printing plate, as illustrated in
FIGS. 6A and 6B. The printing plate 400 has a recess depth
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measured from the bottom of a recess 430 adjacent to the
surface of an adjacent land 460. When dropping the pattern
material into the recess 430 using the precision nozzle 600,
the precision nozzle is controlled to form a height of pattern
material in the recess based on the feature to be printed. As
shown in FIGS. 6A and 6B, the height of the printed material
in the recess is less than the height of the recess depth, leaving
a recess gap having an effective height measured from the
surface of the printed material in the recess 430 to the surface
of an adjacent land 460 for preventing coating of the lands
with pattern material. The effective height of the gap may be
equal or greater than the height of the printed material in the
recess in which case the depth of the recess is at least twice the
height ofthe pattern material in the recess. For example, when
forming a color filter, the precision nozzle may be controlled
to form a height of color filter material in the recess of about
3 um. The recess depth of the printing plate may be 6 um or
greater leaving an effective recess gap of at least 3 um. The
depth of the recess may be limited to 30 pm.

The above-described patterning method may be applied in
a manufacturing process for an LCD device. In particular, the
above patterning method may be used in forming a black
matrix layer and a color filter layer of an LCD device.

FIGS. 5A to 5D are cross sectional views of illustrating a
method for manufacturing an LCD device according to the
present invention.

As shown in FIG. 5A, ablack matrix layer 270 is formed on
a first substrate 130. That is, as shown in FIGS. 3C, 4A and
4B, a black matrix material is formed in the recesses 430 of
the printing plate 400 by using the precision nozzle 600. As
described above, the printing roller 500 is rolled on the print-
ing plate 400 and the black matrix material formed in the
recesses 430 of the printing plate 400 is printed on the surface
ofthe printing roller 500. The printing roller 500 is then rolled
on the first substrate 13, printing the black matrix material
onto the first substrate 130 to form the black matrix layer 270.

R, G, and B color filter materials are formed in respective
recesses 430 of'a second printing plate 400 using the precision
nozzle 600. As shown in FIG. 5B, respective color filter layer
patterns 280 are formed in corresponding recesses of the first
substrate 130 having the black matrix layer 270, by rolling a
second roller 500 on the second printing plate 400 and then
rolling the second printing roller 500 on the first substrate
130.

As shown in FIG. 5C, a second substrate 160 having a thin
film transistor array substrate is prepared.

Although not shown, a process for preparing the second
substrate 160 includes forming gate and data lines crossing
each other to define a pixel region, forming a thin film tran-
sistor formed adjacent to a crossing of the gate and data lines,
forming a passivation layer on an entire surface including the
thin film transistor, and forming a pixel electrode connected
to a drain electrode of the thin film transistor.

As shown in FIG. 5D, the first and second substrates 130
and 160 are bonded to each other, and a liquid crystal layer
700 is formed between the first and second substrates 130 and
160.

The liquid crystal layer 700 may be formed using a dis-
pensing method or an injection method.

When using the dispensing method, a sealant having no
inlet is formed on any one of the first and second substrates
130 and 160, liquid crystal is dispensed on any one of the first
and second substrates 130 and 160, and the two substrates are
bonded to each other.

When using the injection method, after forming a sealant
having an inlet on any one of the first and second substrates
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130and 160, liquid crystal is injected into a space between the
first and second substrates 130 and 160 by capillary phenom-
enon and pressure difference.

As mentioned above, the patterning method and the
method for manufacturing the LCD device according to
embodiments of the present invention have the following
advantages.

By preparing a printing plate having a recesses and coating
the pattern material in the recesses of the printing plate using
a precision nozzle, it is possible to reduce defects during
printing. In addition, coating the pattern material only in the
recesses of the printing plate decreases manufacturing cost by
decreasing consumption of the pattern material.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalent.

What is claimed is:

1. A method for manufacturing an LCD device comprising:

preparing a first substrate and a second substrate;

forming a pattern on the first substrate; and

forming a liquid crystal layer between the first and second
substrates,

wherein forming a pattern on the first substrate comprises:

preparing a printing plate having recesses and lands;

dropping a pattern material into the recesses of the printing
plate using at least one precision nozzle to form the
pattern material in the recesses of the printing plate,
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stopping said dropping a pattern material into the recesses
before a height of the pattern material formed in each
recess reaches one-half a depth of the recess in order to
prevent coating of lands of the printing plate,

rolling a printing roller on the printing plate to print the

pattern material in a recess of the printing plate onto the
printing roller, wherein the printing roller comprises a
blanket of Si-based resin, having elasticity, adhered to a
surface thereof; and

rolling the printing roller on the first substrate to print the

pattern material on the printing roller onto the first sub-
strate.

2. The method for manufacturing an LCD device of claim
1, wherein the pattern material is one of a black matrix mate-
rial and a color filter material.

3. The method for manufacturing an LCD device of claim
1, wherein preparing the printing plate having recesses and
lands comprises:

forming a predetermined material layer on the printing

plate corresponding to the lands.

4. The method for manufacturing an LCD device of claim
3, wherein the predetermined material layer includes a black
matrix layer.

5. The method for manufacturing an LCD device of claim
1, wherein the process of preparing the printing plate having
recesses and lands comprises forming grooves in the printing
plate corresponding to the recesses.

6. The patterning method of claim 5, wherein the process of
preparing the printing plate having recesses and lands further
comprises forming a predetermined material layer on the
printing plate corresponding to the lands.
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