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(57) ABSTRACT

Disclosed is a liquid crystal display panel capable of being
cut by a laser light. The liquid crystal display panel accord-
ing to the present invention includes a substrate having a
buffer layer between a conducting layer and an inner surface
of the substrate, in which the buffer layer is disposed along
a cutting line and spreads a crack and edges of the conduct-
ing layer is positioned in a region defined by the cutting line.
Further, a method for manufacturing the liquid crystal
display panel is disclosed, in which the liquid crystal display
panel is machined by a laser cutter and a laser grinder.
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FIG. 2
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FIG. 3
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FIG. 5A
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FIG. 7
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SUBSTRATE AND A LIQUID CRYSTAL DISPLAY
PANEL CAPABLE OF BEING CUT BY USING A
LASER AND A METHOD FOR MANUFACTURING
THE SAME

BACKGROUND OF THE INVENTION

[0001]

[0002] The present invention relates to a liquid crystal
display panel, and more particularly to a structure of an
upper and lower substrates of the liquid crystal display panel
which is cut into an unit panel before a liquid crystal is
introduced between the upper and lower substrates inte-
grated with each other. Further, the present invention relates
to a manufacturing the liquid crystal display panel which is
capable of being cut by a laser light.

[0003] 2. Description of the Prior Art

[0004] Recently, a liquid crystal display (hereinafter,
referred to as a LCD) module is widely used as a display unit
instead of a cathode ray tube, because of its small size, light
weight, and low consumption of power. The LCD module is
a plan display unit using a liquid crystal as a light shutter
transmitting and screening a transmission of the light,
according to the electric signal.

[0005] A thin film transistor LCD module (hereinafter,
referred to as TFT LCD module) is provided with a TFT
substrate, a color filter substrate, and a liquid crystal intro-
duced between the TFT substrate and the color filter sub-
strate. The TFT substrate and the color filter substrate are
made of two parent glass substrates which are respectively
divided into six LCD panels.

[0006] The parent glass substrate which is used for the
TFT substrate has a plurality of gate lines, a plurality of data
lines which are respectively intersected with each gate line,
TFT devices respectively formed at each intersection of the
gate lines and the data lines, and pixel electrodes.

[0007] Another parent glass substrate which is used for the
color filter substrate includes color filter layers respectively
having red, green, and blue, a black matrix, and correspond-
ing electrodes. The black matrix prevents a mixture of light
in the color filter layers and keeps the thin film transistors
from operating in an off-state.

[0008] The TFT substrate and the color filter substrate as
constructed above are arranged, assembled together and cut
along a cutting line into a plurality of the LCD panels before
the liquid crystal is introduced between the substrates.

[0009] FIGS. 1 and 2 are views showing processes of
cutting the integrated substrate by using a diamond scriber
and attaching a polarizing plate to the substrate.

[0010] Referring to FIG. 1, a method of manufacturing an
LCD panel according to the conventional art includes a step
ST1 of integrating substrates, a step ST2 of cutting the
integrated parent substrates using the diamond scriber, a step
ST3 of filling the liquid crystal between the integrated
substrates, a step ST4 of sealing a liquid crystal introducing
inlet of the integrated substrates, a step ST5 of attaching the
polarizing plates to outer surfaces of the integrated sub-
strates, a step ST6 of grinding a cut surface of the substrates
using a grinder, and a step ST7 of transferring the substrates
to an assembling stage.

1. Field of the Invention
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[0011] Referring to FIG. 2, a method of manufacturing an
LCD panel according to another conventional art includes a
step of cutting the integrated parent substrates using a
diamond scriber, a step of filling the liquid crystal between
the integrated substrates, a step of sealing a liquid crystal
introducing inlet of the integrated substrates, a step of
grinding a cut surface of the substrates using a grinder, a step
of attaching the polarizing plates at outer surfaces of the
integrated substrates, and a step ST7 of transferring the
substrates to an assembling stage.

[0012] Regarding methods of manufacturing the LCD
panel according to the conventional art, at the grinding step,
one of the integrated substrates is cut along cutting lines C1,
C2 and G1, and then has been grinded at a predetermined
angle at the corner of cut surfaces thereof, as shown in
FIGS. 3 and 4. In FIGS. 3 and 4, a reference numeral 14
denotes a short bar connecting gate lines 12 with each other
and a reference numeral 16 indicates a short bar connecting
data lines with each other. The short bars 14 and 16
discharge the static electricity generated while cutting the
substrates.

[0013] The grinding step removes glass chips remaining at
edges of the substrates from the substrates, prevents damage
to a printed circuit board attached to a pad and protects the
gate line, the data lines and the panel from cracking.

[0014] According to the method referred in FIG. 1, the
glass chips around the edges of the substrates generated
during the cutting step cause defects in attaching the polar-
izing plates to the substrates. The defect in the attachment of
the polarizing plates forces the polarizing plates to be
re-attached, which increases a manufacturing cost.

[0015] The method in which the substrate is ground before
attaching the polarizing plates as referred in FIG. 2 may
remarkably reduce defects in the polarizing plate attach-
ment. However, the removal of the short bar 14 from the
substrates cut along the cutting line G1 as shown in FIGS.
3 and 4, causes malfunction of the panel’s TFTs due to the
static charges due to a friction during the grinding step.

[0016] Referring to FIG. 3 again, the cutting of the parent
substrate using the laser light starts at an outer surface of the
substrate. The parent glass substrate can be cut along the
cutting lines, but the interconnection lines 12 formed on an
inner surface of the substrate are occasionally not cut. As
shown in FIGS. 5a and 5b, even though the parent glass
substrate 10 is exactly cut along the cutting lines C1 and C2,
the crack generated in the parent glass substrate 10 may not
be transferred to the interconnection lines 12 disposed on the
inner surface of the substrate and the interconnection lines
12 are not exactly cut.

[0017] Tt is considered that the cutting problems are
caused by the ductility and heat expansion difference of
metals used for the interconnection lines.

[0018] Sealant is coated on the inner surface of one
substrate in order to integrate the substrates together.

[0019] FIG. 6 is a view showing the sealant coated on the
substrate, the liquid crystal introducing inlet 37, and the
cutting line 39a on the substrate according to the present
invention. Reference numerals 38a, 386, 39a, and 396
respectively denote the cutting line and reference numeral
34 indicates the black matrix.
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[0020] Referring to FIG. 6, a seal line formed on the
substrate, except for the liquid crystal introducing inlet is not
overlapped with the cutting line. However, a part of the seal
line forming the liquid crystal introducing inlet extends
across the cutting line 39a. Therefore, since the cutting line
39a near the liquid crystal introducing inlet 37 is cut under
a cutting condition different from another cutting lines, it is
difficult to cut the integrated substrate into a plurality of
panels by laser. Thus, different cutting conditions for the
portion near the liquid crystal introducing inlet and for the
rest of the substrate have to be set up, which complicates the
cutting process.

[0021] As shown in FIG. 12, in the case that the cutting
line 39a extends across a neck portion of the liquid crystal
introducing inlet 37, there is a problem in that when the
sealant 56 is supplied to close the liquid crystal introducing
inlet 37, air is introduced through the liquid crystal intro-
ducing inlet 37 into a liquid crystal layer between the
integrated substrate 32.

SUMMARY OF THE INVENTION

[0022] The present invention has been made to overcome
the above described problems of the prior art.

[0023] Itis an object of the present invention to provide a
substrate for a liquid crystal display panel, in which glass
chips are prevented from being created during a cutting of
the substrate.

[0024] Tt is another object of the present invention to
provide a liquid crystal display panel of which substrates are
grinded without generating static charges.

[0025] Ttis still an objet of the present invention to provide
a method of manufacturing a liquid crystal display panel
capable of being cut by a laser light, in which a conducting
layer formed in an inner surface of a substrate can be
prevented from being cut during the cutting of the substrate.

[0026] Ttis still further an object of the present invention
to provide a method of manufacturing a liquid crystal
display panel capable of being cut by a laser light, in which
air can be prevented from being introduced through a liquid
crystal inlet between the substrates of the panel at a step of
sealing the liquid crystal inlet.

[0027] To accomplish the above object of the present
invention, according to an aspect of the present invention,
there is provided a method of manufacturing a liquid crystal
display panel capable of being cut by laser, comprising the
steps of:

[0028] emitting a laser light to cut a substrate along a
cutting line indicated on the substrate; and

[0029] attaching a polarizing plate to an outer surface of
the substrate.
[0030] The method of manufacturing a liquid crystal dis-

play panel capable of being cut by laser further comprising
a step of grinding edges of a cut surface of the substrate after
the step of attaching the polarizing plate to the outer surface
of the substrate.

[0031] The step of grinding the edges of the cut surface of
the substrate may be performed after the step of attaching the
polarizing plate to the outer surface of the substrate.
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[0032] The laser light focused on the substrate has an
ellipse shape, of which an apsis line is parallel to the cutting
line and a minor line is normal to the cutting line. Therefore,
the grinding using the laser light can be omitted.

[0033] A parent substrate for the liquid crystal display
panel according to the present invention includes a short bar
thereon connecting the wire with the others and has the first
and second cutting lines which is spaced at a predetermined
distance from and parallel to both side of the short bar.

[0034] According to another aspect of the present inven-
tion, there is provided a method of manufacturing a liquid
crystal display panel capable of being cut by laser, compris-
ing the steps of:

[0035] cutting a panel along a cutting line using laser, the
panel being formed in such a manner that a first transparent
insulated substrate having a thin film transistor and wires
and pixel electrodes connected with the thin film transistor
on an inner surface thereof is integrated to face a second
transparent insulated substrate having a color filter layer and
electrodes on an inner surface thereof;

[0036] introducing liquid crystal in a space between the
first and second transparent substrates and sealing an inlet
for introducing the liquid crystal;

[0037] grinding edges of the first and second cut substrates
using laser; and

[0038] attaching polarizing plates to each of outer surfaces
of the first and second substrates.

[0039] According to still another aspect of the present
invention, there is provided a liquid crystal display panel
capable of being cut by laser, comprising:

[0040] a first transparent insulated substrate having a thin
film transistor and wires and pixel electrodes connected with
the thin film transistor on an inner surface thereof, ends of
the wires are positioned at a predetermined position near a
cutting line on the first transparent insulated substrate;

[0041] a second transparent insulated substrate having a
color filtering layer and electrodes corresponding to the
pixel electrodes on an inner surface thereof; and

[0042] sealant which is disposed along edges of one of the
first and second substrates to form an inlet for introducing
the liquid crystal in a place in order that the first transparent
insulated substrate is integrated with the second transparent
insulated substrate,

[0043]

[0044] According to still further aspect of the present
intention, there is provided a substrate capable of being cut
by laser comprising;

[0045] a substrate having an inner surface and an outer
surface with a cutting line;

[0046] a conducting layer which is deposited on the inner
surface along a cutting line of the inner surface correspond-
ing to the cutting line on the outer surface of the substrate;
and

[0047] a buffer layer which is disposed along the cutting
line between the inner surface and the conducting layer of
the substrate,

wherein the panel is cut along the cutting line.
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[0048] wherein the substrate and the buffer layer are
separately cut by laser having different wavelength and the
buffer layer is cracked by the conducting layer.

[0049] According to still further aspect of the present
invention, there is provided a liquid crystal display panel
capable of being cut by laser comprising;

[0050] a first transparent insulating substrate including
thin film transistors formed on an inner surface and a wire
connected with the thin film transistors and pixel electrodes;

[0051] asecond transparent insulating substrate having an
inner surface corresponding to the first transparent insulating
substrate, a color filter layer formed on the inner surface, a
black matrix and corresponding electrodes; and

[0052] a buffer layer which is disposed between the con-
ducting layer and the inner surface and diffuses a crack
generated therein to the conducting layer vertically,

[0053] wherein one of the first and second substrate has a
cutting line on an outer surface thereof and the first and
second substrates and the buffer layer are respectively cut by
laser having a different wavelength.

[0054] The first and second transparent insulating sub-
strates is made of a parent glass substrate which has an area
corresponding to a sum of areas of the first and second
substrates.

[0055] The buffer layer is formed on the inner surface of
one of the first and second substrates along a cutting line
corresponding to the cutting line formed on the outer surface
of one of the first and second substrates, with a predeter-
mined width.

[0056] The buffer layer is formed on the inner surfaces of
the first and second transparent insulating substrates along
cutting lines corresponding to the cutting line on the outer
surface, with a predetermined width.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] The above objects and other advantages of the
present invention will become more apparent by describing
in detail the preferred embodiment thereof with reference to
the attached drawings, in which:

[0058] FIGS. 1 and 2 respectively are flow charts show-
ing a process of manufacturing a liquid crystal display panel
according to the conventional art;

[0059] FIG. 3 is a schematic plan view of a thin film
transistor substrate of the liquid crystal display panel accord-
ing to the conventional art;

[0060] FIG. 4 is a detailed view of the thin film transistor
substrate, marked in a circle A in FIG. 3;

[0061] FIGS.5a and 55 are partially sectional views of the
thin film transistor substrate, in which FIG. 5a is a sectional
view of the thin film transistor substrate, taken along a line
C1 and FIG. 55 is a sectional view of the thin film transistor
substrate, taken along a line C2 in FIG. 3;

[0062] FIG. 6 is a plan view of a liquid crystal display
panel according to an embodiment of the present invention;

[0063] FIGS. 7 and 8 are flow charts showing a process
of manufacturing the liquid crystal display panel according
to the embodiment of the present invention;
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[0064] FIG. 9 is a partially sectional view of a corner of
the substrate for the liquid crystal display panel according to
the present invention, in which the corner of the substrate is
grinded,

[0065] FIG. 10 is a schematic plan view of a liquid crystal
display panel according to another embodiment of the
present invention;

[0066] FIG. 11 is a schematic plan view of a liquid crystal
display panel according to still another embodiment of the
present invention;

[0067] FIG. 12 is an enlarged view of a portion marked in
a circle A in FIG. 6;

[0068] FIG. 13 is an enlarged view of a portion marked in
a circle B in FIG. 11;

[0069] FIG. 14 is a partial sectional view of a substrate to
be cut according to still another embodiment of the present
invention;

[0070] FIG. 15 is a perspective view of a color filter
substrate to be cut according to still another embodiment of
the present invention;

[0071] FIG. 16 is a perspective view of a thin film
transistor substrate to be cut according to still another
embodiment of the present invention; and

[0072] FIG. 17 is a schematic perspective view of a laser
cutter for cutting substrates in FIGS. 14 to 16.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0073] Hereinafter, a method of manufacturing a liquid
crystal display panel capable of being cut by a laser light and
a substrate for the liquid crystal display panel according to
the present invention will be described in detail with refer-
ence to accompanying drawings.

Embodiment 1

[0074] FIGS. 7 and 8 are flow charts showing a process
of manufacturing a liquid crystal display panel according to
the embodiment of the present invention.

[0075] Referring to FIG. 7, an integrated substrate is
provided at a step ST71. The integrated substrate is com-
prised of a parent glass substrate for a thin film transistor
substrate (hereinafter, referred to as TFT substrate) having
an area corresponding to an area of at least one panel and a
parent glass substrate for a color filer.

[0076] The parent glass substrate for the TFT substrate
includes a plurality of gate lines, a plurality of data lines
formed to intersect with the gate lines, thin film transistors
and pixel electrodes formed at a point that the data lines
intersects with the gate lines.

[0077] The parent glass substrate also has short bars 14
disposed at each end of interconnection lines to be normal to
the interconnection lines, connecting the interconnection
lines with each other to prevent static charges from damag-
ing TFTs on the panel while cutting, as shown in FIGS. 3
and 4. Cutting lines C1 and C2 locates parallel to and apart
from the short bar 14 at a predetermined distance.
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[0078] The parent glass substrate for the color filter sub-
strate has formed thereon color filter layers respectively
provided with red, green, and blue, a black matrix, and
corresponding electrodes. The black matrix prevents lights
of the color filter layers from being mixed and also prevents
the TFTs from operating in an off line state.

[0079] The integrated substrate is cut along the cutting line
by laser, at step ST72. The integrated substrates are cut by
laser light one substrate and then the other substrate. The
selected substrate is cut from the outer surface to the inner
surface.

[0080] The substrate has a smooth cut surface, unlike a
surface of the substrate cut by a diamond blade. Further,
glass chips are not generated while grinding the substrate.
Accordingly, it is possible to minimize errors due to the
glass chips when attaching the polarizing plate to the outer
surface of the substrate. The interconnection lines are cut
sometimes because the glass chips press the interconnection
lines during a process of TCP bonding. However, few glass
chips generated while cutting the substrate prevent the
interconnection lines from being cut during the process of
TCP bonding. A corner of the outer surface where the cutting
operation starts is a portion where a stress is concentrated.
Therefore, the corner of the outer surface on the substrate is
vulnerable to crack even by a small impact. Cutting sub-
strates by laser does not concentrate the stress on the corner
of the substrate, which improves a resistance to impact.

[0081] After cutting the substrate completely, the liquid
crystal is filled between the TFT substrate and the color filter
substrate, at step ST73. Then, a liquid crystal introducing
inlet is sealed at step ST74.

[0082] Next, polarizing plates a respectively attached to
each outer surface of the TFT substrate and the color filter
substrate, at step ST75.

[0083] After attaching the polarizing plates, the edges of
the substrate is ground by laser, at step ST76. The grinding
by laser prevents static charges from generated due to a
friction on the substrate, which protects the thin film tran-
sistors formed on the inner surface of the TFT substrate from
damages by the static charges.

[0084] After grinding, the liquid crystal display panel
(hereinafter, referred to as LCD panel) is carried to an
assembly line in order to be assembled with other element.

[0085] In the process of attaching the polarizing plate to
the outer surface of the substrates according to the embodi-
ment of the present invention, the polarizing plates are
attached to each outer surface of the integrated substrates in
alight transmitting type LCD panel, but the polarizing plate
is attached to only one outer surface of the integrated
substrate in a light reflecting type LCD panel.

[0086] On the other hand, in the above-described embodi-
ment, after attaching the polarizing plate, the substrate is
ground. However, the substrate can be ground before attach-
ing the polarizing plate.

[0087] As shown in FIG. 8, it is possible to perform the
process of cutting the substrate along the cutting lines by
using the laser light at step ST82, the process of filling the
integrated substrates with the liquid crystal at step ST83, the
process of sealing the liquid crystal introducing inlet at step
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ST84, the process of grinding the corner of the substrate at
step ST85, and the process of attaching the polarizing plates
to the substrates in sequence.

[0088] FIG.9 is a sectional view of the cut surface 92 and
the ground surface 94 of the substrate 90 which is cut
according to the present invention. The surface 94 is ground
to be round.

[0089] In the first embodiment of the present invention,
both the cutting process and the grinding process are per-
formed by laser. While the process of cutting the substrate is
performed by using the laser light, however, by aligning
laser focused on the outer surface of the substrate, of which
an apsis is parallel and a minor axis is normal to the cutting
line, the process of grinding the corner on the cut surface of
the substrate can be omitted. Since the laser light with an
ellipse shape round the edges of the cut surface, the grinding
process is not required. In addition, the use of the laser light
having the ellipse shape prevents the generation of glass
chips on the inner surface of the substrate. Therefore, while
connecting the end of a tape carrier package to the inter-
connection lines of the inner surface of the TFT substrate,
the interconnection lines do not suffer from opening defect
due to the glass chips.

[0090] According to the first embodiment, by eliminating
glass chips that may generate during the cutting process, the
defects in polarizing plate attachments and the short-cut
problems of the interconnection lines while bonding the tape
carrier package can be reduced. Further, since the laser
grinding of the surface does not generate static charges, the
thin film transistor can be safe from the damage by static
charges.

Embodiment 2

[0091] The use of laser proposed in the first embodiment
is effective for cutting the substrate. However, the use of
laser according to the first embodiment is less effective for
cutting the interconnection lines formed in the inner surface
of the substrate. Therefore, it is required to provide a panel
of which interconnection lines can be cut smoothly while
cutting integrated substrates or single substrates.

[0092] FIG. 10 is a schematic plan view showing a
relation of the interconnection lines 106 and the cutting lines
108 on the integrated substrate for the LCD panel according
to the second embodiment of the present invention. In FIG.
10, a reference numeral 104 denotes a black matrix having
a square shape. The black matrix 104 is formed on one of the
integrated substrates, for example on the color filter sub-
strate, on which sealant is disposed to attach the substrates
102 together.

[0093] In FIG. 10, the interconnection lines 106, for
example the data lines, adjacent to the cutting line 108 have
ends spaced apart at a predetermined distance, for example
about 1 mm, from the cutting line 108. The interconnection
lines, for example the gate lines, adjacent to the cutting line
109 also have ends spaced apart at a predetermined distance
from the cutting lines 109.

[0094] Accordingly, even if the integrated substrates 102
are cut by using the laser light or the diamond cutter along
the cutting lines 108 and 109 thereon, cutting defects as
shown in FIGS. 5A and 5B may not occur in the substrates
102 because the interconnection lines are not extended
below the cutting lines.
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[0095] Inthe second embodiment, on the other hand, when
the thin film transistors are used to switch pixel electrodes,
an insulating film or a passivation film is covered on one of
the inner surfaces of the integrated substrates. If the insu-
lating film and the passivation film extend across the cutting
lines 108 and 109, the insulating and passivation films can
not be cut smoothly due to the property differences. There-
fore, the insulating and passivation films must be formed
within a region defined by the cutting lines 108 and 109
without extending below the cutting lines, in order to
prevent the rough cut of those films.

[0096] The short bars 14 and 16 as shown in FIGS. 3 and
4 may be replaced with electrostatic diodes or protectors
preventing the damage of static charges, which are formed
within the region defined by the cutting lines 108 and 109.

[0097] When testing the TFT panel, not a bundle of the
interconnection lines but an individual interconnection line
is tested by a probe.

[0098] FIG. 11 is a view showing the relation of the
cutting line 1224 and the liquid crystal introducing inlet 117
of the integrated substrate according to the another embodi-
ment of the present invention. A reference numeral 114
denotes the black matrix formed on the inner surface of one
of the integrated substrate. Reference numerals 118a, 1185,
122a, and 1224 denote the cutting lines.

[0099] As shown in FIG. 11, a sealing line for the liquid
crystal introducing inlet 117 is positioned within the region
defined by the cutting line 122a.

[0100] The relation of the liquid crystal inlet 116 and the
cutting line 1224 parallel to the liquid crystal inlet 117 will
be described with reference to FIG. 13 below.

[0101] As shown FIG. 13, the sealing line 116 near the
liquid crystal introducing inlet 117 is formed in a square
shape, which includes a first line 1164 having an opening, a
second line 1165 extending vertically from an end of the first
line 1164 and having a first length, and a third line 116¢
extending from an end of the second line 1164 to be parallel
to the cutting line 122¢ and having a second length.

[0102] A distance between the third line 116¢ and the
cutting line 122a preferably is about 1 mm.

[0103] Referring to FIGS. 12 and 13, the sealing line 116
according to the embodiment of the present invention has
the second line 1165. That is, a neck of the liquid crystal inlet
is shorter than that of the structure according to the conven-
tional art. Accordingly, the third line 116¢ extending parallel
to the cutting line 122a remains after the cutting of the
integrated substrate.

[0104] The third line 116¢ makes air to be introduced into
the integrated substrates through a path between the sealing
agent 126 and the third line 116¢ when the sealing agent 126
is sucked in the liquid crystal introducing inlet 117 to seal
the liquid crystal introducing inlet 117 at the sealing process.
Therefore, the path through which the air is introduced into
the integrated substrates is longer than that of the conven-
tional art, which substantially prevents the introduction of
air.

[0105] The integrated substrates as constructed above are
cut by emitting the laser light along the cutting line and
spreading a refrigerant on the substrates to generate cracks.
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[0106] Alternatively, the cutting lines are formed at a
predetermined depth on the substrate using a diamond blade.
Then, a small impact on the substrates along the cutting line
may divide the substrates into a plurality of small-sized
panels.

[0107] The substrate made of quartz can be used for the
embodiment of the present invention. In this case, the panel
according to the present invention can provide the same
effect as the panel made of the glass substrate.

[0108] On the other hand, in the second embodiment of the
present invention, the LCD panel is described as that the
interconnection lines are positioned within the region
defined by the cutting lines and that the sealing agent is
disposed within the region defined by the cutting lines.
However, both the interconnection lines and the liquid
crystal introducing inlet may be located within the region
defined by the cutting lines.

[0109] In the second embodiment as described above,
since the interconnection lines, the corresponding elec-
trodes, and the liquid crystal introducing inlet are positioned
within the region of the substrate defined by the cutting
lines, the interconnection lines are protected from rough cut
during the cutting of the substrate.

[0110] Further, at the sealing process to enclose the liquid
crystal introducing inlet, the introduction of the air into the
liquid crystal layer is minimized to protect the liquid crystal
layer.

[0111] Moreover, by introducing the laser cutting, the
substrates can be cut under the same cutting condition,
which simplifies the processes.

Embodiment 3

[0112] The LCD panel proposed in the second embodi-
ment has the interconnection lines and the liquid crystal
introducing inlet positioned within the region defined by the
cutting lines, which requires the LCD panel design change.
However, the LCD parel according to the third embodiment
of the present invention can prevent an abnormal cutting of
the interconnection lines without changing of the length of
the interconnection lines.

[0113] FIG. 14 is a partially sectional view of the substrate
to be cut according to the third embodiment of the present
invention.

[0114] Referring to FIG. 14, the glass substrate 32 is used
as the substrate 142 to be cut, in which the conductive
interconnection lines, for example the interconnection lines
made from aluminum having a high toughness is arranged
on the inner surface of the substrate 142 so that ends of the
interconnection lines extend across the cutting lines. A
reference character CL, denotes the cutting line of the glass
substrate. The substrate 142 is cut from the outer surface
1425 to the conductive interconnection lines 146 through the
inner surface 142a thereof.

[0115] A buffer layer 144 having a low toughness is
disposed between the substrate 142 and the conductive
interconnection lines 146. The buffer layer 144 has a pre-
determined width along the cutting line CL. When the buffer
layer 144 is cracked, the interconnection line 146 is also
cracked together with the buffer layer 144.
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[0116] FIG. 15 is a perspective view of a color filter
substrate to be cut according to still another embodiment of
the present invention. FIG. 16 is a perspective view of a thin
film transistor substrate to be cut according to still another
embodiment of the present invention.

[0117] Referring to FIG. 15, the color filter substrate 150
made from the glass substrate is provided as an object to be
cut in which the color filter layer 154 having the red, green,
and blue colors is formed on the inner surface 152a of the
glass substrate 152. The corresponding electrodes (not
shown) are disposed on the color filter layer 154 of the color
filter substrate 150.

[0118] Since the corresponding electrodes lies along the
cutting line 156, the corresponding electrodes may not be cut
precisely. Therefore, a buffer layer 158 of a predetermined
width is disposed along the cutting line between the inner
surface 152a of the substrate 152 and the corresponding
electrodes.

[0119] The buffer layer 158 is made of metal having the
low toughness as described above. Preferably, the buffer
layer 158 is made of the same material as the black matrix
layer (not shown) in the same process. In the third embodi-
ment of the present invention, the black matrix layer and the
buffer layer 158 are made of chromium (Cr).

[0120] Referring to FIG. 16, the TFT substrate 160 con-
taining the gate lines 164, source lines 166, pixel electrodes
168, and thin film transistors 170 formed on the imner
surface 162a of the glass substrate 162 is to be cut.

[0121] When the gate lines 164 and the source line 166 of
the TFT 160 extend to the cutting line 174, as described
above, the abnormal cutting of the substrate may be per-
formed. Therefore, the buffer layer 172 having the low
toughness is disposed along the cutting line between exten-
sions of the interconnection lines and the inner surface 1624
of the glass substrate 162.

[0122] The embodiment shown in FIGS. 14 to 16 can be
cut using a laser cutter shown in FIG. 17, without defects in
cutting the interconnection lines.

[0123] Referring to FIG. 17, the cutter is a device capable
of cutting the substrate using the laser lights respectively
having wavelengths w1 and w2. The laser light having the
wavelength w1 (hereinafter, referred to as a first laser light)
is used for generating the crack on the glass substrates 142,
152, and 162, and the laser light having the wavelength w2
(hereinafter, referred to as a second laser light) is used for
generating the crack on the buffer layers 144, 158, and 172.

[0124] A laser whose wavelength is 10.6 pm with an
output of 50~250 w, such as a yag laser, CO, laser, gallium-
arsenide laser and ruby laser can be used for those purposes.

[0125] The process of cutting the color filter substrate 150
and the TFT substrate 160 integrated together using the
cutter of FIG. 17 will be described.

[0126] The integrated substrate is laid on a plate of the
cutter 200. The outer surface of the color filter substrate 150
is facing the cutter 200.

[0127] Afirst laser light emitter 202 of the cutter 200 emits
the first laser light having the wavelength w1 focusing the
cutting line 156 of the color filter substrate 150 and con-
centrating on the glass substrate 152. A second laser light
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emitter 204 adjacent to the first laser light emitter 202 emits
the second laser light having the wavelength w2, which in
turn is transmitted through the glass substrate 152 and
focused on the buffer layer 158.

[0128] The glass substrate 152 and the buffer layer 158 are
heated by the first and second laser light, which expand
along the cutting line 156 in part and have the stress
concentrated on the cutting line thereon.

[0129] A refrigerant spreading unit 206 following the
second laser emitter 204 sprays a refrigerant at an interval of
0.1~0.3 second on the cutting line on which the stress is
concentrated. Therefore, the glass substrate 152 and the
buffer 158 which are heated by the laser lights are rapidly
cooled.

[0130] The cutting lines of the glass substrate 152 and the
buffer 158 are expanded and contracted by heat and refrig-
erant, so that the high stress is generated along the cutting
lines.

[0131] When the stress is a larger than a combination force
of glass molecules, the amorphous glass molecule structure
is broken and the surface of the glass substrate 152 starts to
crack.

[0132] At this time, a direction of the crack’s creation and
progression is the same as that of the laser radiation. That is,
the crack is progressed from the outer surface to the inner
surface of the glass substrate 152, resulting in that the glass
substrate 152 is cut thoroughly.

[0133] On the other hand, the buffer layer 158 has a stress
thereon due to the expansion and contraction by the second
laser light and the refrigerant applied on the buffer layer 158.

[0134] When the stress is larger than a combination force
of chromium atoms, a crystal structure of the buffer layer
158 is broken, resulting that a crack is created on the surface
of the buffer layer 158.

[0135] At this time, the crack is spread into the intercon-
nection lines, which cut the corresponding electrodes on the
edges of the interconnection lines smoothly along the cutting
line of the glass substrate 152.

[0136] As described above, after cutting the color filter
substrate 150 completely, the integrated substrate is flipped
over such that the outer surface of the TFT substrate is facing
the laser cutter 200 and cut in such a manner as described
above.

[0137] The color filter substrate 150 and the TFT substrate
160 used in the present embodiment are made of the same
glass substrate and the same buffer layer. The first and
second laser emitters for cutting the color filter substrate 150
can be used for cutting the TFT substrate without changing
laser emitters.

[0138] On the other hand, the materials for the buffer
layers of the color filter substrate and the TFT substrate may
be different, depending on the material for the corresponding
electrodes of the color filter substrate and the material for the
interconnection lines of the TFT substrate. In such a case,
when the color filter substrate is cut first and then the TFT
substrate is cut, the buffer layer of the TFT substrate may not
be smoothly cut. To solve this problem, the cutter shown in
FIG. 17 may include another laser emitter capable of
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emitting a laser light having a third wavelength different
from the first and second laser lights.

[0139] Regarding the above embodiment, while the sub-
strate having a size corresponding to the panel size has been
described, the laser cutter according to the present invention
is suitable to cut the parent glass substrate having an area
corresponding to a total area of at least two panels in order
to improve the productivity.

[0140] In the above-described embodiment, although the
laser cutter has been described to emit the first laser light so
as to create the crack on the glass substrate and then to emit
the second laser light so as to create the crack on the buffer
layer, the laser cutter may emit the second laser light first
and then the first laser light to cut the substrate.

[0141] According to the third embodiment of the present
invention, when the LCD panel or the integrated glass
substrate having the conductive interconnection lines
thereon is cut by the laser cutter, by laying a buffer layer of
low toughness and having a property of transferring the
crack rapidly between the conductive interconnection lines
and the glass substrate, the conductive interconnection lines
can be smoothly cut.

[0142] While the present invention has been particularly
shown and described with reference to a particular embodi-
ment thereof, it will be understood by those skilled in the art
that various changes in form and detail may be effected
therein without departing from the scope of the invention as
defined by the appended claims.

1-5. (canceled)
6. A method for cutting a liquid crystal display (LCD)
panel having a shorting bar, the method comprising steps of:

irradiating a CQO, laser light onto the LCD panel along a
first cutting line, the first cutting line being in substan-
tially parallel with the shorting bar outside of the
shorting bar; and

irradiating the CO, laser light onto the LCD panel along
a second cutting line, the second cutting line being in
substantially parallel with the shorting bar inside of the
shorting bar.

7. The method of claim 6, further comprising a step of
irradiating the CO, laser light onto a corner of the LCD
panel to round the corner of the LCD.

8. The method of claim 6, further comprising a step of
cooling the LCD panel onto which the CO, laser light is
irradiated.

9. A method for manufacturing a liquid crystal display
(LCD) panel, the method comprising steps of:

irradiating a first laser light onto a thin film transistor
(TFT) parent substrate along a TFT cutting line to form
a TFT substrate;
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irradiating a second laser light onto a color filter parent
substrate along a color filter cutting line to form a color
filter substrate; and

combining the TFT substrate and the color filter substrate.

10. The method of claim 9, wherein the first laser light and
second laser light are a CO, laser light.

11. The method of claim 9, further comprising steps of:

irradiating a first YAG laser light onto the TFT parent
substrate; and

irradiating a second YAG laser light onto the color filter
parent substrate.

12. The method of claim 9, further comprising steps of:

irradiating the CO, laser light onto a corner of the TFT
substrate to round the corner of the TFT substrate.

irradiating the CO, laser light onto a corner of the color
filter substrate to round the corner of the color filter
substrate.

13. A method for cutting a thin film transistor (TFT)
parent substrate, the method comprising a step of irradiating
a CO, laser light having an elliptical cross-section onto the
TFT parent substrate along a TFT cutting line to form a TFT
substrate.

14. The method of claim 14, further comprising a step of
irradiating the CO, laser light onto a corner of the TFT
substrate to round the corner of the TFT substrate.

15. The method of claim 14, further comprising a step of
irradiating a YAG laser light onto the TFT parent substrate
prior 1o the step of irradiating the CO, laser light.

16. The method of claim 13, further comprising a step of
cooling the TFT parent substrate onto which the CO, laser
light is irradiated.

17. A method for cutting a color filter parent substrate, the
method comprising a step of irradiating a CO, laser light
having an elliptical cross-section onto the color filter parent
substrate along a color filter cutting line to form a color filter
substrate.

18. The method of claim 17, further comprising a step of
irradiating the CO, laser light onto a corner of the color filter
substrate to round the corner of the color filter substrate.

19. The method of claim 18, further comprising a step of
irradiating a YAG laser light onto the color filter parent
substrate prior to the step of irradiating the CO, laser light.

20. The method of claim 19, further comprising a step of
cooling the color filter parent substrate onto which the CO,
laser light is irradiated.
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