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A liquid crystal display device with spacers integrally
formed at a plastic substrate. The liquid crystal display
device comprises: upper and lower substrates joined with
liquid crystals interposed there-between, at least one sub-
strate of which is made of plastic; a driving electrode for the
liquid crystals formed at the lower substrate; polarizers
attached at respective rear surfaces of the upper and lower
substrates; and spacers interposed between the upper and
lower substrates to maintain cell gaps, wherein the spacers
are integrally formed at the substrate, and concurrently act
as posts. Also, spacers can be integrally formed at either one
of the lower plastic substrate and the upper plastic substrate,
or the spacers can be integrally formed at both the lower
plastic substrate and the upper plastic substrate, and the
spacers have a height of “cell gap+a”, wherein the cell gap
is 0.2 to 10 um and “a” is not more than 1um.
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LIQUID CRYSTAL DISPLAY DEVICE WITH
SPACERS INTEGRALLY FORMED AT PLASTIC
SUBSTRATE

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a liquid crystal
display device, and more particularly to a liquid crystal
display device having plastic substrates with integral spacers
that concurrently act as supporting posts, which can prevent
the deterioration of pictures resulting from non-uniformity
of the disposition of spacers.

[0003] 2. Description of the Prior Art

[0004] As generally known in the art, a liquid crystal
display device has been generally employed as a means for
representing information in a communication terminal, fol-
lowing the development of wireless mobile communication.
Further, because consumers require diverse characteristics
such as a high quality of the terminal, mobility, ability to do
a large amount of information processing, light-weight, and
ability to prevent breakage occurring by being dropped
during use, various technologies have been developed to
satisfy such requirements. For example, glass materials have
been substituted with plastic materials as a substrate in order
to prevent the glass substrates of a mobile terminal from
being broken resulting from dropping during use.

[0005] Meanwhile, it is necessary to form a thin film
transistor (TFT) on a plastic substrate in order to process
large amounts of information at one time and to make the
communication terminal light. For this purpose, high poly-
mer materials such as polycarbonate, polyimide, PES (poly-
ether sulfone), PAR, PEN (polyethelene), and PET (poly-
ether) are employed as materials for a plastic substrate, and
the heat resistant temperature limit of the polymer materials
is about 150 to 200° C.

[0006] Further, as regards a conventional liquid crystal
display device employing glass substrates, response speed,
contrast ratios, sight angle, luminance uniformity, etc., are
closely related to the thickness of the liquid crystal layer,
that 1s, the cell gap of the liquid crystal display device.
Accordingly, spherical spacers are scattered in a space made
between the substrates in order to maintain a uniform cell
gap in the conventional liquid crystal display device.

[0007] As regards the scattering method for the spaces, in
a dry method, spacers are electrified to result in uniform
scattering of the spacers by the repulsive power of spacers
with the same polarities, and in a wet method, spacers are
scattered after they are mixed with solvents such as IPA, etc.
Generally, the dry method above has been employed in the
method for fabricating a TFT-LCD (thin film transistor
liquid crystal display device), as it is comparatively better in
scattering uniformity characteristics.

[0008] Accordingly, in the case of a communication ter-
minal with mobile functions and employing plastic sub-
strates, spacers necessarily must be scattered by the dry
method or the wet method in order to maintain a uniform cell
gap between substrates in the fabricating process.

[0009] However, in the case of the liquid crystal display
device employing plastic substrates and in which spherical
spacers are scattered, the plastic substrates can be curved or
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curled like paper, which phenomenon is related to the
flexible characteristics of the plastic substrates. As a result,
luminance non-uniformity has been produced at a specific
gradation while driving a gray scale.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention has been made
to solve the above-mentioned problems occurring in the
prior art, and an object of the present invention is to provide
a liquid crystal display device with spacers integrally formed
at plastic substrates, which can prevent luminance non-
uniformity produced from drifts and conglomerations of the
spherical spacers.

[0011] Inorder to accomplish this object, there is provided
a liquid crystal display device with spacers integrally formed
at plastic substrates, the liquid crystal display device com-
prising: upper and lower substrates joined with liquid crys-
tals interposed there-between, at least one substrate of which
is made of plastic; a driving electrode of the liquid crystals
formed at the lower substrate; polarizers attached at respec-
tive rear surfaces of the upper and lower substrates; spacers
interposed between the upper and lower substrates to main-
tain cell gaps, wherein the spacers are integrally formed at
the substrate, and concurrently act as supporting posts.

[0012] Further, spacers are integrally formed at either one
of the lower plastic substrate or one of the upper plastic
substrate, also the spacers can be integrally formed at both
of the lower plastic substrate and the upper plastic substrate.

[0013] Also, the spacers have a height of “cell gapza”,
wherein the cell gap is 0.2 to 10 um and “a” is not more than
1 yum.

[0014] Additionally, the spacers are integrally formed with
at least one plastic substrate either by a roll extrusion method
employing a roll having concave patterns in the shape of the
spacers or by a molding method employing mold frames
having concave patterns in the shape of the spacers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0016] FIG. 1 is a planar view showing a plastic substrate
equipped with spacers concurrently acting as supporting
posts in accordance with one embodiment of the present
invention;

[0017] FIG. 2 is a sectional view taken along line A-A' in
FIG. 1 in order to illustrate an interval [ made between
neighboring spacers and size W and height H of each spacer
in accordance with the present invention;

[0018] FIG. 3 and FIG. 4 are views showing a method for
fabricating a plastic substrate with spacers that concurrently
act as supporting posts in accordance with one embodiment
of the present invention;

[0019] FIGS. 54 to 5¢ are sectional views showing a
liquid crystal display device with plastic substrates having
spacers that concurrently act as supporting posts in accor-
dance with the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0020] Hereinafter, a preferred embodiment of the present
invention will be described with reference to the accompa-
nying drawings.

[0021] Referring to FIG. 1, a plastic substrate 1 can be
employed as either one or both of an upper substrate and a
lower substrate in a liquid crystal display device for repre-
senting information in a communication terminal with
mobile functions. Specifically, the plastic substrate 1
includes spacers 2 which concurrently act as supporting
posts to maintain intervals, i.e., cell gaps made between
neighboring substrates.

[0022] TIn the case of plastic substrate 1 equipped with
spacers which act concurrently as posts as explained above,
spacers are preferably formed in a ladder shape, and can be
formed in any shape selected from rectangular, cylindrical,
or hemispherical shapes.

[0023] Further, the spacers that act as posts are preferably
formed at regions at which light is not leaked. For example,
when a lower substrate is made of plastic having spacers that
act concurrently as supporting posts, the spacers 2 can be
formed on a gate bus line or a data bus line, and when an
upper substrate is made of plastic, the spacers 2 can be
formed on a black matrix.

[0024] Additionally, a width W of the spacer 2 and an
interval L made between neighboring spacers 2 are set in
consideration of widths of the gate and data bus lines in the
lower substrate or a width of the black matrix in the upper
substrate, together with consideration of density, etc. Also,
the height h of the spacers 2 is determined to be “cell gap+a”
in consideration of the height difference “a” of the cell gap,
the post spacer area and opening area (not shown). In this
instance, the cell gap is 0.2 to 10 gm and “a” is not more than
1 pum.

[0025] Meanwhile, in accordance with the present inven-
tion, as shown in FIGS. 3 and 4, a roll extrusion method
employing a roll 106 having concave patterns 11 in the shape
of the spacers or a molding method employing a mold frame
2056 having concave patterns 21 in the shape of the spacers
is used to fabricate a plastic substrate equipped with spacers
that concurrently act as supporting posts.

[0026] Specifically, as shown in FIG. 3, when the roll
extrusion method is employed, first creating the concave
patterns 11 in the shape of the spacers on any one roll, for
example, on an upper roll 105, and then formable plastic
materials are passed through a pair of rolls 10a, 105 to
produce spacers 2 that concurrently act as supporting posts
on the extruded plastic substrate 1.

[0027] When a molding method is employed, as shown in
FIG. 4, first providing a lower mold frame 20a in a vessel
shape and an upper mold frame 205 having concave patterns
21 in the shape of the spacers, and then pouring plastic
solution 22 into the lower mold frame 20a, and compressing
the plastic solution 22 with the upper mold frame 20b, and
finally removing the mold frames 20a, 205 to produce the
plastic substrate 1 having spacers that concurrently act as
supporting posts.

[0028] With regards FIGS. 5A to 5C, the liquid crystal
display device, which has a plastic substrate with spacers
that act as supporting posts of the present invention, is
explained below.
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[0029] FIG. 5A is a sectional view showing the liquid
crystal display device of the present invention, which
employs a lower substrate made of plastic having spacers
that act as supporting posts. As shown in the drawing, the
lower substrate 30 made of plastic material and the upper
substrate 32 are joined together with liquid crystals 34
interposed there-between by the seal materials 36, and
polarizers are attached on respective outer surfaces of the
substrates 30, 32. In particular, spacers that maintain inter-
vals, that is, cell gaps, formed between substrates 30, 32 are
made integrally with a plastic lower substrate 30.

[0030] FIG. 5B is a sectional view showing the liquid
crystal display device of the present invention, which
employs an upper substrate made of a plastic substrate
having spacers that act as posts. As shown in the drawing,
the liquid crystal display device according to this embodi-
ment of the present invention, has a similar structure to the
prior embodiment of the present invention (as shown in
FIG. 5A), and only the upper substrate 32 is fabricated of a
plastic substrate having spacers that concurrently act as
supporting posts.

[0031] FIG. 5C is a sectional view showing the liquid
crystal display device of the present invention, which
employs an upper substrate and a lower substrate both made
of plastic substrate having spacers that act as posts. As
shown in the drawing, both the lower substrate 30 and the
upper substrate 32 are made of plastic having spacers that act
concurrently as supporting posts, so that it is required to
adjust positions of the spacers properly.

[0032] According to the present invention as described
above, the following advantages are achieved.

[0033] Even if the lower and upper substrates are curled or
bent, drift of the spacers does not occur, owing to the flexible
property of the plastic substrate. Accordingly, picture dete-
rioration of the liquid crystal display device originating from
the non-uniformity of the spacers is obviated, and produc-
tion is effective in cost reduction of the products as no
further processes are required to fabricate the spacers, which
concurrently act as supporting posts.

[0034] As described above, the spacers are fabricated
integrally with the plastic substrate so that drifts and con-
glomerations of the spacers can be obviated, resulting in
maintaining the uniformity of cell gaps and improving the
luminance and contrast ratios, thereby incorporating a high
quality liquid crystal display device.

[0035] Also, according to the present invention, as the
spacers are formed integrally with the plastic substrate to
maintain the uniformity of cell gaps, no special process is
required to form the spacers that act concurrently as sup-
porting posts, and as a result, cost reductions can be
achieved.

[0036] Although a preferred embodiment of the present
invention has been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.
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What is claimed is:

1. A liquid crystal display device with spacers integrally
formed at plastic substrate, the liquid crystal display device
comprising:

upper and lower substrates, joined with liquid crystals
interposed there-between, at least one substrate of
which is made of plastic;

a driving electrode for the liquid crystals formed at the
lower substrate;

polarizers attached at respective rear surfaces of the upper
and lower substrates; and spacers interposed between
the upper and lower substrates to maintain cell gaps,
wherein

the spacers are integrally formed at a substrate, and

concurrently act as supporting posts.

2. The liquid crystal display device with spacers accord-
ing to claim 1, wherein the spacers are integrally formed at
either one of the lower plastic substrate and the upper plastic
substrate.
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3. The liquid crystal display device with spacers accord-
ing to claim 1, wherein the spacers are integrally formed at
both the lower plastic substrate and at the upper plastic
substrate.

4. The liquid crystal display device with spacers accord-
ing to claim 1, wherein the spacers have height of “cell
gap+a’”.

5. The liquid crystal display device with spacers accord-
ing to claim 4, wherein the cell gap is 0.2 to 10 um and “a”
is not more than 1 gm.

6. The liquid crystal display device with spacers accord-
ing to claim 1, wherein the spacers are integrally formed at
more than one plastic substrate by a roll extrusion method
employing a roll having concave patterns in the shape of the
spacers or by a molding method employing mold frames
having concave patterns in the shape of the spacers.
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