
SCRIBE LINE FORMING DEVICE AND SCRIBE LINE FORMING
METHOD  Technical Field The present invention is
related to scribe line forming  apparatuses and scribe
line forming methods for forming linear scribe  lines
used for dividing a brittle substrate such as a glass
substrate  5 included in a liquid crystal display
device or the like. Background Art Liquid crystal
displays are applicable to small-sized  information
terminal devices and projection devices and are in
demand  in a wide range of fields as the personal
computer market expands 10 along with the rapid
progress of information processing technology.  The
future development of liquid crystal displays has been
drawing  much attention. Particularly, for liquid
crystal displays for personal  computers and
televisions, the demand for making the display screens
15 larger, with higher definition, as well as lighter,
is increasing. Development has also been made to have
larger and thinner glass  substrates in order to meet
such increasing demand. As glass  substrates get
larger in size and thinner, a high-level substrate
dividing technique is in demand for dividing glass
substrates into  20 desired sizes with high accuracy.
Brittle substrates such as glass substrates may be
divided  into sections by performing a scribe step of
forming a linear scribe  line extending in a desired
dividing direction on the surface of  a glass
substrate and a break step of dividing the glass
substrate 25 along the scribe lines by applying a
bending moment along the scribe  line formed on the
surface of the glass substrate. In the scribe step of
forming the scribe line on the glass  substrate, if
the scribe line which is a line with a vertical crack
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*000002* can be formed deep into the glass substrate
and vertical to the surface  of the glass substrate,
it is possible to Improve the accuracy level  when the
substrate is divided into sections along the scribe
line  in the break step to be performed later;
therefore, it is important  5 to make the vertical
crack deep. For example, using a manually-operated
cutter as disclosed  in the Japanese Unexamined
Utility Model Application Publication  No. 59-88429, a
scribe line may be formed on the surface of a brittle
material substrate by rolling a wheel tip attached at
the tip of 10 a cutter over the surface of the glass
substrate with pressure.  Further, it is also possible
to use an apparatus disclosed in the  Japanese
Unexamined Patent Application Publication No.
55-116635  for forming a number of scribe lines on the
surfaces of a plurality  of brittle material
substrates continuously and automatically. 15 A method
of forming a scribe line by cutting the surface of  a
glass substrate with a pointdiamond is not suitable
for forming  a scribe line on a glass substrate used
in a liquid crystal display  device because Gullet
(glass shavings) is generated without exception  in
the process of cutting the glass substrate with the
pointdiamond. 20 Further, according to the method
wherein a wheel tip being  rotatably held is rolled
over the surface of a glass substrate with  pressure,
a vertical crack is generated by pressing the wheel
tip  against the surface of the substrate using a
lifting and lowering  mechanism such as an air
cylinder. 25 With such a pressing method using a
lifting and lowering  



mechanism, however, it is not possible to easily form
a vertical  crack that has a sufficient depth in the
surface of the glass substrate  unless the pressure
applied by the lifting and lowering mechanism  2 is
large. On the other hand, in case the pressure being
applied is  large, when the wheel tip is made to
proceed up onto an edge of a  glass substrate, there
is a possibility that the edge of the glass  substrate
maybe damaged; for example, it maybe chipped off.
Besides, 5 in case the pressure being applied i.s
large, there are possibilities  of other problems; for
example, a crack (a horizontal crack) may  be
generated in an unwanted direction in the plane
portion of a glass  substrate, and such a crack may
cause chipping in a division plane  or in an edge
portion of the glass substrate including a division 10
plane, when the glass substrate is divided into
sections . In addition,  also with this method, glass
collet is generated in the scribing  process. Further,
in the case where a glass substrate has a "warp",
another problem is that the wheel tip is not able to
follow unevenness  15 resulting from the "warp" at the
surface of the substrate, and therefore it is
impossible to obtain an appropriate vertical crack in
the surface  of the glass substrate. In order to solve
the aforementioned problems, the present  invention
aims to provide a scribe line forming apparatus and a
scribe  20 line forming method by which it is possible
to generate a vertical crack having a sufficient depth
in a glass substrate, without causing  a problem such
as an edge of the glass substrate being chipped off.
Disclosure of the Invention In order to solve the
problems described above, the present  25 invention
provides a scribe line forming apparatus comprising: a



vertical crack forming member that has a blade at a
tip thereof and  is used for forming a vertical crack
to be an origination point of  a scribe line by
pressing the blade against a surface of a brittle  3
substrate with pressure; an impact force applying
means for applying  an abrupt impact force to the
vertical crack forming member in order  to generate
the vertical crack having a predetermined depth at a
desired position in the brittle substrate; a heating
means for forming 5 an area having a temperature lower
than a softening point of the  brittle substrate; a
cooling means for cooling the brittle substrate;  an
arrangement movement means for arranging the heating
means, the  vertical crack forming member, the impact
force applying means, and  the cooling means to be
positioned so as to move relative to the 10 brittle
substrate at predetermined intervals along a planned
scribe  line that is prearranged on the surface of the
brittle substrate;  and control unit that controls
driving of the impact force applying  means. It is
preferable to have an arrangement wherein the control
15 unit controls driving of the vertical crack forming
member and the  arrangement movement means so that the
blade moves while being kept  in contact with the
surface of the brittle substrate by a load which  does
not allow the blade to damage the surface of the
brittle substrate,  and when the blade is positioned
in the vicinity of an edge of the 20 brittle substrate
and in the vicinity of a passing point at which  the
blade passes a previously-formed scribe line, the
control unit  controls the driving of the impact force
applying means so as to  generate the vertical crack
having the predetermined depth in the  brittle
substrate. 25 it is also preferable to have an
arrangement wherein the heating  



means includes a servo mechanism that detects a change
in a height  of the surface of the brittle substrate
from up-and-down movements  of the vertical crack
forming member moving on the brittle substrate  4 and
adjusts a focal point of a laser beam irradiated from
a laser  beam oscillator according to a result of the
detection. It is preferable to have an arrangement
wherein the cooling  means is arranged by the
arrangement movement means so as to move  5 up and
down in conjunction with up-and-down movements of the
vertical  crack forming member that moves on the
brittle substrate. It is preferable to have an
arrangement wherein the arrangement  movement means
either arranges the vertical crack forming member,
and the heating means, and the cooling means to be
positioned in 10 the stated order from a fore side of
the planned scribe line, or  arrange the heating
means, the vertical crack forming member, and  the
cooling member to be positioned in the stated order
from the  fore side of the planned scribe line. It is
preferable to have an arrangement wherein the
arrangement  15 movement means arranges the vertical
crack forming member, the heating  means, and the
cooling means so as to be able to change positions
relative to one another. The cooling means may be a
cooling nozzle from which a cooling  medium is
released. 20 The cooling means may include a servo
mechanism that adjusts  a height at which the cooling
means is positioned. The vertical crack forming member
may be a glass cutter that  includes a wheel tip
serving as the blade and rollably supports the  wheel
tip. 25 The heating means maybe a laser beam
oscillator that irradiates  



a predetermined laser beam. The impact force applying
means maybe an armature that generates  movement
inertia for pressing the blade against the surface of
the  5 brittle substrate by turning on or off
electricity supplied to a  solenoid coil. The scribe
line forming apparatus may further comprise one  of a
laser displacement gauge and a contact displacement
gauge for  S detecting a change in a height of the
surface of the brittle substrate. The brittle
substrate may be one of a glass substrate for a
liquid crystal display device, a glass substrate for a
plasma display  panel, and a glass substrate for an
organic EL display panel. Another aspect of the
present invention provides a scribe line  10 forming
method comprising the steps of : while making a
vertical crack  forming member having a blade at a tip
thereof move on a brittle  substrate, generating a
vertical crack having a predetermined depth  at a
desired position on a brittle substrate with an impact
force  applying means that applies an abrupt impact
force to the blade; 15 forming a scribe line by
forming, with the vertical crack, an  irradiation area
that has a temperature lower than a softening point
of the brittle substrate along a planned scribe line
arranged on  the brittle substrate, and forming a
cooling area in rear of the  irradiation area. 20 It
is preferable to have an arrangement wherein the
generating  step of generating the vertical crack
having the predetermined depth  at the desired
position on the brittle substrate by the impact force
applying means is performedwhen the blade is
positioned in the vicinity  of an edge of the brittle
substrate and in the vicinity of an 25 intersection
position at which the blade intersects a  



previously-formed scribe line. Brief Description of
the Drawings Figure 1 is a side view that
schematically shows a scribe line  6 forming apparatus
according to the first embodiment; Figure 2 is a front
view that schematically shows the scribe  line forming
apparatus according to the first embodiment;  Figures
3 (a) to 3(e) are perspective views for describing in
5 sequential order a method of forming a scribe line
using the scribe  line forming apparatus according to
the first embodiment; Figure 4 is a side view that
schematically shows a scribe  line forming apparatus
according to the second embodiment;  Figure 5 is a
front view that schematically shows the scribe 10 line
forming apparatus according to the second embodiment;
Figures 6 (a) to 6 (e) are perspective views for
describing in  sequential order a method of forming a
scribe line using the scribe  line forming apparatus
according to the second embodiment; and Figure 7 is a
front view that schematically shows a scribe  15 line
forming apparatus according to the third embodiment.
Best Mode for Carrying Out the Invention The following
describes in detail a scribe line forming  apparatus
and a scribe line forming method according to the
present  invention, with reference to the drawings. 20
THE FIRST EMBODIMENT Figure 1 is a side view that
schematically shows a scribe line  forming apparatus 1
according to a first embodiment. Figure 2 is  a front
view of the scribe line forming apparatus 1 viewed
from the  I-I cross-sectional line in Figure 1. 25 The
scribe line forming apparatus 1 Includes, as shown in
Figures  



1 and 2, a table 101 used for horizontally fixing a
brittle material  substrate S on which scribe lines
are to be formed. Here, the brittle  material
substrate S described in the present description is,
more  7 specifically, a substrate having a large size
called amother substrate.  Substrates that may be made
of glass, ceramic, semiconductor wafers  or the like
are sequentially divided into sections of
predetermined  smaller sizes for a variety of uses. On
a side wall 102 on the side 5 of the table 101 used
for fixing the brittle material substrate S,  a guide
rail 103 extending horizontally (I. e. extending in a
direction  vertical to the plane of the drawing page)
is provided. One end of  a driving apparatus 11 having
a driving motor inside is connected  to the guide rail
103. Being driven by the driving motor, the driving 10
apparatus 11 is operable to slide in predetermined
directions in  accordance with the direction in which
the guide rail 103 extends.  A servo motor 2 is
provided at the other end of the driving apparatus 11.
The servo motor 2 has, on the side opposite to the
driving apparatus 11 side, a rotation shaft 3 that
projects  15 horizontally for a predetermined
distance. The rotation shaft 3 is rotated and driven
by the servo motor 2. A supporting frame 4 that
rotates integrally with the rotation shaft 3 is
provided at the tip  of the rotation shaft 3. The
supporting frame 4 attached to the rotation shaft 3 of
20 the servo motor 2 has, as shown in Figure 1, a
frame body 4a being  a flat plate and a projection
part 4b projecting upward to a  predetermined height
from one end of the frame body 4a, so that the
supporting frame 4 is substantially L-shaped in a side
view. The  supporting frame 4 is disposed in such a
manner that the end having 25 the projection part 4b
is positioned to the fore in terms of the  



direction of the movement along the guide rail 103
(i.e. the left  side of the drawing) and that the
upper and of the projection part  4b is attached to
the rotation shaft 3 of the servo motor 2. 8 A glass
cutter 5 is attached to the lower surface, near the
rear end, of the frame body 4a of the supporting frame
4. The glass  cutter 5 includes a wheel tip 5a made of
a material having super  hardness such as super-hard
metal alloy, sintered diamond, or the  5 like, and a
holder 5b that holds the wheel tip 5a rotatably. Since
the upper end of the holder 5b is attached to the
lower  surface of the frame body 4a of the supporting
frame 4, the glass  cutter 5 integrally moves with the
supporting frame 4, as the supporting  frame 4 moves.
The wheel tip 5a has a discoidshape and the central 10
part in the thickness direction projects so as to have
a largest  diameter. The shaft part of the wheel tip
5a is rotatably held by  the holder 5b having an
opening at the bottom. The wheel tip 5a is  constantly
in contact with the surface of the brittle material
substrate S even when the wheel tip 5a is not placed
at a position 15 to make a vertical crack on the
brittle material substrate S. When  the wheel tip 5a
is pressed against the surface of the brittle material
substrate S by an impact force larger than a
predetermined level  being applied, the wheel tip 5a
makes a vertical crack in the brittle  material
substrate S. 20 On the upper surface of the frame body
4a of the supporting  frame 4, in the vicinity of the
glass cutter 5, an armature 6 that  is an impact
applying means is provided. A spring (not shown in the
drawing) having a downward energizing force is
attached around the  armature 6 so that the armature 6
is constantly energized downward. 25 Provided inside
the armature 6 is a solenoid coil 6a that generates  



a lifting electro-magnetic power when a predetermined
voltage is  applied thereto. When a voltage is
applied, the upward  electro-magnetic power of the
solenoid coil 6a is balanced with the  9 downward
energizing force of the spring so that the armature 6
is  in a motionless state. When a voltage applied (I.
e. electric current  supplied) to the solenoid coil 6a
is stopped, the upward  electro-magnetic power of the
solenoid coil 6a is lost, and an impact 5 force is
applied to the upper surface of the frame body 4a by
the  downward energizing force of the spring, to an
extent that the wheel  tip 5a of the glass cutter 5
makes a vertical crack in the surface  of the brittle
material substrate S. Subsequently, when a
predetermined voltage is applied again, an upward
electro-magnetic 10 power acts and the armature 6 goes
back into a motionless state again.  It should be
noted that, in the first embodiment, an explanation
of an example of the mechanical configuration is
provided in which  an impact force 1s applied to the
frame body 4a of the supporting  frame 4 by the
downward energizing force of the spring, when the 15
voltage stops being applied; however, it is acceptable
to have a  mechanical configuration in which, on the
contrary, the armature  6 is normally held in a
motionless state by an upward energizing  force of the
spring, whereas when a voltage is applied (i. e. when
electric current is supplied) a downward
eleotro-magnetic power acts 20 so that an impact force
is applied to the frame body 4a. This latter
mechanical configuration has lower electricity
consumption because  the electric current applying
period is shorter. On the rear end of the frame member
4a of the supporting frame  4, a cooling nozzle 7 for
releasing a cooling medium is attached  25 integrally
to the frame body 4a. When the frame body 4a of the 



supporting frame 4 moves up and down due to unevenness
in the brittle  material substrate S or the like, the
cooling nozzle 7 is able to  move in conjunction with
the up-and-down movements of the frame body  10 4a of
the supporting frame 4. Further, the cooling nozzle 7
is  connected to a cooling medium source (not shown in
the drawing) in  which a predetermined cooling medium
is stored in a refrigerated  state. Examples of the
cooling medium to be released from the cooling 5
nozzle 7 include a low-temperature liquid such as
cooling water or  cooling alcohol, a low-temperature
gas such as nitrogen or carbon  dioxide obtained by
vaporization of liquid nitrogen and dry ice
respectively, as well as an inert gas such as helium
or argon, or  simply air. 10 On the rear side of the
servo motor 2, a laser beam oscillator  8 is provided
that irradiates a predetermined laser beam onto the
surface of the brittle material substrate S through a
hole unit 4c  provided at a predetermined position of
the main frame 4a of the  supporting frame 4 and that
heats the portion irradiated with the 15 laser beam .
It should be noted that, in the first embodiment, a
heated  spot is formed on the surface of the brittle
material substrate S  by the laser beam oscillated by
the laser beam oscillator 8 1 however,  it is
acceptable to use another heating source that
generates infrared  rays or ultraviolet rays besides
laser beams, as long as it is possible  20 to heat the
brittle material substrate S in spots. The laser beam
oscillator 8, the glass cutter 5, and the cooling
nozzle 7 mentioned above are arranged in the stated
order in the  direction of the movement along the
guide rail 103. An irradiation  area in which a laser
beam is irradiated from the laser beam oscillator 25
8, a contact area in which the wheel tip 5a of the
glass cutter 5  



contacts the brittle material substrate S, and a
cooling area which  is cooled by the cooling medium
released from the cooling nozzle  7 are positioned
being adjacent to one another and in the stated  11
order on the brittle material substrate S. On the
upper side of the serve motor 2, a control apparatus
9 is provided that controls the driving of the
aforementioned  constituent elements such as the
driving apparatus 11. the laser 5 beam oscillator 8,
the cooling nozzle 7, and the like. The control
apparatus 9 includes an encoder that detects the
displacement amount  in the movement of the driving
apparatus 11, the laser beam oscillator  8, and the
cooling nozzle 7 (1.e. the displacement amount in the
movement of the frame 4) along the guide rail 103,
resulting from 10 the driving apparatus 11 and also
detects the displacement amount  in the up-and-down
movements of the wheel tip 5a of the glass cutter  5
that is in contact with the surface of the brittle
material substrate  S by detecting the displacement of
the rotation shaft 3 of the servo  motor 2. 15 To be
more specific, the wheel tip 5a of the glass cutter 5
provided in order to generate a vertical crack being
an origination  point of scribing is constantly in
contact with the surface of the  brittle material
substrate S even when the wheel tip 5a is not placed
at a position to make a vertical crack on the brittle
material substrate 20 S. When the wheel tip 5a being
in contact with the surface of the  brittle material
substrate S moves up and down due to unevenness  of
the brittle material substrate S or the like, the
frame body 4b  of the supporting frame 4 fixing the
holder 5b also moves up and  down in conjunction with
the up-and-down movements of the wheel tip 25 5a. The
up-and-down movements of the frame body 4b of the
supporting  



frame 4 generate rotating movements of the rotation
shaft 3 of the  servo motor 2 . The encoder included
in the control apparatus 9 detects  the up-and-down
movements of the wheel tip 5a by detecting the
rotation  12 movement of the rotation shaft 3 of the
servo motor 2. The control apparatus 9 detects, with
the use of the encoder,  unevenness in the surface of
the brittle material substrate S from  displacement
amount of the wheel tip 5a. The focal point forming 5
position of a laser beam irradiated from the laser
beam oscillator  8 is adjusted based on such a
detection result. The laser beam  following the
unevenness in the surface of the brittle material
substrate S is automatically controlled to make
relative movement  on the substrate so that the focal
point is positioned at the surface 10 of , or in the
vicinity of the surface of , or at a predetermined
depth  inside of, an irradiated object, depending on
the beam shape, the  wavelength, and the pulse width
of the laser beam. It should be noted that, in the
first embodiment, the cooling  nozzle 7 is integrally
attached to the rear and of the frame body  15 4a of
the supporting frame 4 so as to move in conjunction
with the up-and-down movements of the glass cutter 5
being in contact with  the surface of the brittle
material substrate S, so that the cooling  medium is
released at a constant height from the surface of the
brittle  material substrate S; however, it is
acceptable to have an arrangement 20 wherein the
height at which the cooling nozzle 7 is positioned is
adjusted according to the detection results by the
encoder, like  in the case of the laser beam
oscillator 8. The following describes the operation of
the scribe line forming  apparatus according to the
first embodiment, with reference to the  25 Figure
3(a) to 3(c). 



fi  As shown in Figure 3 (a), the brittle material
substrate S on  which a scribe line is to be formed is
fixed at a predetermined position  on the table 101,
while the wheel tip 5a is positioned on the rear 13
side of the table 101. Subsequently, the driving
apparatus 11 and the control  apparatus 9 are driven
so that the supporting frame 4 to which the  wheel tip
5a, the laser beam oscillator 8, and the cooling
nozzle 5 7 are attached is moved toward the fore (to
the left side of the  figure 1) on the surface of the
brittle material substrate S. In  this situation, the
wheel tip 5a of the glass cutter 5 is positioned  at a
height slightly lower than the brittle material
substrate S  placed on the table 101. Further, the
control apparatus 9 controls 10 the torque exerted by
the servo motor 2 on the supporting frame 4  to which
the glass cutter 51s attached, so that an excessive
pressure  is not applied downward to the surface of
the brittle material substrate  S. When the wheel tip
5a of the glass cutter 5 driven by the driving  15
apparatus 11 has moved forward to arrive at a position
at an edge  of the brittle material substrate S.
control is exerted so that a  pressure for generating
a vertical crack in the surface of the brittle
material substrate S is not applied to the glass
cutter 5; therefore,  after the wheel tip 5a
positioned'at a height slightly lower than 20 the
surface of the brittle material substrate S touches
the edge  of the brittle material substrate 6, the
wheel tip 5a continues to  proceed up onto the surface
of the brittle material substrate S,  without chipping
off the edge of the brittle material substrate S.  As
the wheel tip 5a has proceeded up onto the surface of
the brittle 



25 material substrate S, the glass cutter 5 make
up-and-down movements,  and these up-and-down
movements are transferred to the rotation of  the
rotation shaft 3 of the servo motor 2. Accordingly,
the encoder  included in the control apparatus 9
detects that the wheel tip 5a  14 of the glass cutter
5 has proceeded up onto the surface of the brittle
material substrate S. When the encoder has detected
that the wheel tip 5a of the  glass cutter 5 has
proceeded up onto the surface of the brittle material
5 substrate S, the control apparatus 9 turns off the
voltage applied to the solenoid coil 6a in the
armature 6. As a result, the armature  6 moves
downward due to an energizing force of the spring and
applies  an impact force to the upper surface of the
frame body 4a. Because  of this impact force being
applied, the wheel tip 5a of the glass 10 cutter 5
being in contact with the surface of the brittle
material  substrate S applies an abrupt impact force
to the edge on the surface  of the brittle material
substrate S. Consequently, as shown in Figure  3 (b) ,
a vertical crack T having a predetermined depth is
formed in  the surface of the brittle material
substrate S. Subsequently, a 15 voltage is applied to
the solenoid coil 6a again so that an
electro-magnetic power to push up the armature 6 is
generated. The  downward energizing force of the
spring is balanced with the  electro -magnetic power
pushing upward, so that the armature 6 stays
motionless being positioned at a predetermined height.
20 After the vertical crack T to be an origination
point of scribing  is formed at the edge of the
brittle material substrate S by the  wheel tip 5a of
the glass cutter 5, the control apparatus 9 controls
the servo motor 2 so that a pressure large enough to
form a scribe  line in the surface of the brittle
material substrate S is not applied 



25 and so that a small load that allows the wheel tip
5a to remain in  contact with the surface of the
brittle material substrate S is exerted.  Since the
glass cutter 5 includes the wheel tip 5a that rolls
and moves while being in contact with the surface of
the brittle  15 material substrate 5, when the surface
of the brittle material  substrate S has unevenness,
is warped, or the like, the wheel tip  5a being in
contact with the brittle material substrate S has
up-and-down movements. In conjunction with the
up-and-down 5 movements of the wheel tip 5a, the
supporting frame 4 with which  the holder 5b is fixed
also has up-and-down movements. Due to the
up-and-down movements of the supporting frame 4, the
rotation shaft  3 of the servo motor 2 has rotational
movements. The encoder included  in the control
apparatus 9 detects unevenness, warps, and the like 10
of the brittle material substrate S by detecting such
rotational  movements of the rotation shaft 3 of the
servo motor 2. The control  apparatus 9 adjusts the
focal point position of the laser beam  oscillator 8
based on unevenness, warps, and the like of the
brittle  material substrate S that has been detected
by the encoder. As a 15 result, even if the brittle
material substrate S has unevenness or  the like, a
laser beam is irradiated with a focal point at a
position  on the surface of , or at a predetermined
depth inside of , the brittle  material substrate S.
Since the cooling nozzle 7 for supplying a  cooling
medium is integrally attached to the rear end of the
frame 20 body 4b of the supporting frame 4, the
cooling nozzle 7 moves up  and down in conjunction
with the up-and-down movements of the wheel  tip 5a
resulting from unevenness in the surface of the
brittle material  substrate S. The cooling nozzle 7 is
positioned so that the distance  between the end of
the cooling nozzle 7 and the brittle material 



25 substrate S is kept constant. Thus, even if the
brittle material  substrate S has unevenness or the
like, the cooling nozzle 7 is  positioned so as to
always be able to supply a cooling median properly.
Subsequently, as shown in Figure 3(c), the laser beam
oscillator  16 8, the wheel tip 5a, and the cooling
nozzle 7 each move in the  predetermined directions on
the surface of the brittle material  substrate S,
being driven by the driving apparatus 11 and the
control  apparatus 9. In this situation, on the fore
side of the scanning 5 direction, the surface of the
brittle material substrate S is heated  by a laser
beam irradiated by the laser beam oscillator 8 to a
temperature at which the surface does not melt, in
other words, to  a temperature lower than the glass
softening point. As a result,  in the irradiation area
L in which the laser beam is irradiated, 10 the
surface of the brittle material substrate S is heated
without  being melted. Further, on the rear side in
the vicinity of the irradiation  areaL of the laser
beam on the surface of the brittle material substrate
S, a cooling medium is released from the cooling
nozzle 7 so that 15 a cooling area C is provided. In
the laser beam irradiation area  L heated by
irradiation of a laser beam on the surface of the
brittle  material substrate S, a compressive stress is
generated due to the  heating by the laser beam. In
the cooling area C onto which the cooling  medium is
released, a tensile stress is generated due to the
cooling 20 of the glass surface by the cooling medium.
Since the tensile stress  is generated being adjacent
to the compressive stress generated in  the laser beam
irradiation area L, a stress gradient occurs between
these areas due to the stress in each area. Thus, a
vertical crack  keeps extending in the brittle
material substrate S along a planned 



25 scribe line, starting from the origination point
being the vertical  crack T foamed at the edge of the
brittle material substrate S and  keeping the depth of
the vertical crack T. In this manner, as a result  of
the laser beam oscillator 8 and the cooling nozzle 7
being scanned  17 sequentially in predetermined
directions, scribe lines extending  along the scanning
direction are formed. When a scribe line is formed
starting from an origination point  being the vertical
crack T formed by the wheel tip 5a of the glass  5
cutter 5 at the edge of the brittle material substrate
S. using a stress gradient occurring between the laser
beam irradiation area  L in which a laser beam is
irradiated and the cooling area C onto  which a
cooling medium is released, there is a possibility
that a  scribe line may not be formed crossing over
another existing 10 intersecting scribe line SLC, in
the case where, as shown in Figure  3(d), the scribe
line SLC extending in a direction to intersect the
scanning direction is already formed between the laser
beam  irradiation area L and the cooling area C,
because the stress gradient  is out off at a place
where the intersecting scribe line SLC is 15
positioned. To cope with this problem, according to
the scribe line  forming apparatus 1 of the present
embodiment, the encoder included  in the control
apparatus 9 detects a distance of the movement of  the
supporting frame 4 being driven by the driving
apparatus 11 along  the guide rail 103. Since the
control apparatus 9 stores in a memory 20 the position
at which the intersecting scribe line SLC has been
formed,  immediately before the wheel tip 5a of the
glass cutter 5 arrives  at a position beyond the
intersecting scribe line SLC, the voltage  application
(electric current supply) to the solenoid coil 6a in
the armature 6 is stopped. The voltage is turned off,
not at the 



25 same time as the wheel tip 5a arrives at the
intersecting scribe  line SLC, but earlier than the
arrival time, for the sum of a period  of electric
transient delay due to an inductance component of the
solenoid coil 6a and a period of delay due to
mechanical inertia  18 for the movement of the wheel
tip 5a to rise to a predetermined height  directly
above the intersection position Z. It is possible to
calculate the sum of the periods from electric
property values of  the coil, the electric current
value to be applied (a required torque 5 value), and
the movement speed of the wheel tip 5a relative to the
substrate. Delay period values are calculated in this
manner and  are pre-stored in the control apparatus 9
so that an appropriate  delay period value can be read
from the storage area and used, every  time a new
soribe condition is set or the scribe condition is
altered. 10 When the electricity supplied to the
solenoid coil 6a is stopped  earlier by a period
corresponding to a delay period, the armature  6 moves
downward due to the energizing force of the spring and
applies  an impact force to the upper surface of the
supporting frame 4. Because  of this impact force
being applied, an abrupt impact force is applied 15 to
the edge of the surface of the brittle material
substrate S and  to the vicinity of the intersection
position Z shown in Figure 3 (e) ;  thereby a vertical
crack T having a predetermined depth to be an
origination point for the scribe line formation is
formed at a position  beyond the intersecting scribe
line SLC provided on the surface of  20 the brittle
material substrate S. With this arrangement, even if a
scribe line SLC is formed  so as to extend in a
direction to intersect the scanning direction  and to
be in the path of another scribe line SL to be formed,
it  is possible to form the scribe line SL continued
from a vertical  



25 crack T without failure. i  As explained so far,
the scribe line forming apparatus 1 of  the first
embodiment generates a vertical crack T in the surface
of the brittle material substrate S with an impact
force from the 19 armature 6 provided above the glass
cutter 5. Since an abrupt impact  force is applied
only to a desired position on the surface of the
brittle material substrate S, it is possible to
generate the vertical  crack T having a sufficient
depth to divide the substrate into sections  5 with
high. accuracy. The impact force from the armature 6
may be limited to an  extremely little strength
compared to a pressure provided by a  conventional a
lifting and lowering apparatus. Thus, it is possible
to make the scribe line forming apparatus simple and
compact in size. 10 When an impact force is not
applied from the armature 6, the  glass cutter 5
performs a scribing operation while being in contact
with the surface of the brittle material substrate S
with a required  minimum scribe pressure T therefore,
it is possible to prevent chipping  and the like that
may be caused at the edge of the brittle material 15
substrate S when the wheal tip 5a of the glass cutter
5 proceeds  up onto the brittle material substrate S.
Further, the wheel tip 5a of the glass cutter 5 being
in contact  with the surface of the brittle material
substrate S moves up and  down in accordance with
unevenness or the like of the surface of 20 the
brittle material substrate S, and the encoder detects
the  up-and-down movements of the wheel tip 5a from
rotation of the rotation  shaft 3 of the servo motor
2. Since the focal point position of the  laser beam
oscillator 8 is adjusted according to the detection
results  



of the encoder, even if the brittle material substrate
S has unevenness 25 or the like, a laser beam is
properly irradiated at a position on  the surface of,
or at a predetermined depth inside of, the brittle
material substrate S, so that a scribe line can be
formed in the  surface of, or inside of, the substrate
with high accuracy. 20 Furthermore, a vertical crack T
being an origination point  of a scribe line is formed
by the wheel tip 5a of the glass cutter  5, and the
vertical crack T is urged to extend along a planned
scribe  line, by means of thermal strain of the
brittle material substrate 5 S, based on a temperature
gradient that occurs between the heating  with a laser
beam and the cooling with a cooling medium on the
brittle  material substrate S. Thus, cullet is
generated only by a very small  amount near the
origination point, and the amount of cullet generated
is very much smaller than in the case where a
conventional method  10 with a blade is used. The
control apparatus 9 controls the driving of the
driving  apparatus 11 so that the wheel tip 5a moves
while being kept in contact  with the surface of the
brittle substrate by a load which does not  allow the
wheel tip 5a to damage the surface. When the wheel tip
15 5a is positioned in the vicinity of an edge of the
brittle material  substrate S or in the vicinity of
the intersection position Z of  a scribe line SLC that
has previously been formed, the control apparatus  9
controls the driving of the armature 6 so that a
vertical crack  having a predetermined depth is
generated in the brittle substrate; 20 therefore, it
is possible to form a scribe line SL with high
accuracy.  THE SECOND EMBODIMENT Figure 4 is a side
view that schematically shows a scribe line  forming
apparatus 1' according to the second embodiment.
Figure 5  



is a front view of the scribe line forming apparatus
1' viewed from  25 a cross sectional line IV-IV in
Figure 4. In the scribe line forming apparatus 1 '
according to the second  embodiment, as shown in
Figure 4, the laser beam oscillator 8 is  provided so
as to prolong toward the rear side (the right side in
21 the drawing) from the control apparatus 9 so that a
laser beam is  irradiated on the rear side of the
position at which the wheel tip  5a of the glass
cutter 5 is in contact with the surface of the brittle
material substrate S. 5 Since other configurations are
the same as those of the scribe  line forming
apparatus 1 according to the first embodiment,
detailed  explanation will be omitted. In the scribe
line forming apparatus 1', the wheel tip 5a,  the
laser beam oscillator 8, and the cooling nozzle 7 are
arranged  10 in the stated order along the direction
of the movement following the guide rail 103.
Accordingly, a contact area in which the wheel  tip 5a
of the glass cutter 5 contacts the brittle material
substrate  S, an irradiation area in which a laser
beam is irradiated from the  laser beam oscillator 8,
and a cooling area which is cooled by the 15 cooling
medium released from the cooling nozzle 7 are
positioned  being adjacent to one another on the
brittle material substrate S.  In the scribe line
forming apparatus 1' of the secondembodiment, the
encoder included in the control apparatus 9 detects
the up-and-down  movements of the wheel tip 5a of the
glass cutter 5 that moves while  20 being in contact
with the surface of the brittle material substrate S,
based on rotation of the rotation shaft 3 of the servo
motor 2.  The laser irradiation position of the laser
beam oscillator 8 provided  on the rear side of the
glass cutter 5 is adjusted according to the  



detection results. 25 The operation of the scribe line
forming apparatus 1' according  to the second
embodiment is substantially the same as the operation
of the scribe line forming apparatus 1 according to
the first embodiment  described above . Since Figures
6 (a) to 6 (e) are provided for reference  22 to
illustrate the operation of the soribe line forming
apparatus  1' of the second embodiment, detailed
explanation will be omitted. The scribe line forming
apparatus 1' of the second embodiment  generates a
vertical crack T in the surface of the brittle
material  5 substrate S with an impact force from the
armature 6 provided above the glass cutter 5. Since an
abrupt impact force is applied only  to a desired
position on the surface of the brittle material
substrate  S, it is possible to generate the vertical
crack T having a sufficient  depth to divide the
substrate into sections with high accuracy, When 10 an
impact force is not applied from the armature 6, the
wheel tip  5a of the glass cutter 5 receives only a
light load that allows the  wheel tip 5a to remain in
contact with the surface of the brittle  material
substrate S and to generate a predetermined scribe
line;  therefore, it is possible to prevent chipping
and the like that may 15 be caused at the edge of the
brittle material substrate S when the  wheel tip 5a of
the glass cutter 5 proceeds up onto the brittle
material  substrate S. Further, the wheel tip 5a of
the glass cutter 5 berg in contact  with the surface
of the brittle material substrate S moves up and  20
down in accordance with unevenness or the like of the
surface of the brittle material substrate S, and the.
encoder detects the  up-and-down movements of the
wheel tip 5a from rotation of the rotation  shaft 3 of
the servo motor 2. The focal point position of the
laser  



beam oscillator 8 is adjusted so as to be in
accordance with the 25 unevenness of the brittle
material substrate S, based on the detection  A
results of the encoder; therefore, even if the brittle
material  substrate S has unevenness or the like, a
laser beam is properly  irradiated at a position on
the surface of, or at a predetermined 23 depth inside
of, the brittle material substrate S. so that a scribe
line can be formed with high accuracy. THE THIRD
EMBODIMENT Figure 7 is a side view that schematically
shows a scribe line  5 forming apparatus 1" according
to the third embodiment. In the third embodiment, on
the lower surface of the frame  body 4a of the
supporting frame 4, at a position to the fore of the
glass cutter 5, a laser displacement gauge 10 is
provided that detects,  by Irradiation of a laser,
beam, changes in the brittle material 10 substrate S,
such as unevenness, warps, and the like. Since other
configurations are the same as those of the scribe
line forming  apparatus 1 according to the first
embodiment, detailed explanation  will be omitted.
Also, the operation of the scribe line forming
apparatus 1"  15 of the third embodiment is
substantially the same as the operation  of the scribe
line forming apparatus 1 according to the first
embodiment  described above, except that unevenness in
the surface of the brittle  material substrate S :Ls
detected with the use of the laser displacement  gauge
10; therefore, detailed explanation will be omitted.
20 The scribe line forming apparatus 1" of the third
embodiment  generates a vertical crack T in the
surface of the brittle material  substrate S with an
impact force from the armature 6 provided above  



the glass cutter 5. Since an abrupt impact force is
applied only  to a desired position on the surface of
the brittle material substrate 25 S, it is possible to
generate the vertical crack T having a sufficient
depth to divide the substrate into sections with high
accuracy. When  an impact force is not applied from
the armature 6, the wheel tip  Sa of the glass cutter
5 receives only a light load that allows the  24 wheel
tip 5a to remain in contact with the surface of the
brittle  material substrate S and to generate a
predetermined scribe line;  therefore, it is possible
to prevent chipping and the like that may  be caused
at the edge of the brittle material substrate S when
the 5 wheel tip 5a of the glass cutter 5 proceeds up
onto the brittle material  substrate S. Further, the
laser displacement gauge 10 provided at the fore  of
the glass cutter 5 being in contact with the surface
of the brittle  material substrate S detects
unevenness or the like-of the surface 10 of the
brittle material substrate S. The focal point position
of  the laser beam oscillator 8 is adjusted so as to
be in accordance  with the unevenness of the brittle
material substrate S, based on  the detection results
of the laser displacement gauge 10; therefore,  even
if the brittle material substrate S has unevenness or
the like, 15 a laser beam is properly irradiated at a
position on the surface  of, or at a predetermined
depth inside of, the brittle material  substrate S, so
that a scribe line can be formed with high accuracy.
It Is to be noted that unevenness and the like of the
surface  of the brittle material substrate S may be
detected with the use  20 of a contact displacement
gauge instead of the laser displacement  gauge 10
mentioned above. In each of the scribe line forming
apparatuses described in  



the first through third embodiments, the glass cutter
5, the cooling  nozzle 7, and the laser beam
oscillator 8 are fixed at predetermined 25 positions;
however, it is acceptable to have a configuration
wherein  these components are arranged, using a
publicly known technique,  on the supporting frame 4
so that their positions relative to one  another can
be changed according to scribe line forming
conditions.  25 With this configuration, it is
possible to properly form a scribe  line that meets
the scribe line forming conditions. It is suggested
that the publication of the Japanese Patent No.
3027768 may be  referenced for various conditions in
scribe line formation and the 5 relationship between
these conditions and the relative positions  of the
components to one another. According to each of the
scribe line forming apparatuses of  the first through
third embodiments, the wheel tip 5a of the glass
cutter 5 generates a vertical crack T to be an
origination point 10 of a scribe line on the brittle
material substrate S, and unevenness  and warps in the
surface of the brittle material substrate S are
detected; therefore, it is possible to make the
apparatus  configuration inexpensive and compact in
size. One of the characteristics of the present
invention is to be  15 able to generate a vertical
crack T to be an origination point of  a scribe line
after an edge of the substrate S or the intersection
position Z is heated by a laser beam in advance;
therefore, it is  possible to prevent an
uncontrollable crack from being generated  at an edge
of the substrate S or at the intersection position Z.
20 By driving the control apparatus 9 so that a
vertical crack  T :Ls formed at a position slightly
inside from an edge of the substrate  in terms of the
movement direction (an inner out start) or so that  



the formation of a scribe line is terminated slightly
before it reaches  an edge at the end of the movement
direction (an inner out finish), 25 it is possible to
prevent such an uncontrollable crack from being
generated. Industrial Applicability As explained so
far, according to the present invention, a  26 wheel
tip of a glass cutter is moved while being kept in
contact  with a brittle substrate by a load which does
not allow the wheel  tip to damage the surface of the
substrate. A vertical crack is  generated at a desired
position in the brittle substrate with an 5 impact
force applying means that applies an abrupt impact
force to  the glass cutter moving on the brittle
substrate for generating the  vertical crack having a
predetermined depth. With respect to the  generated
vertical crack, a laser beam oscillator and a cooling
nozzle  are provided so as to be arranged along a
planned scribe line, the 10 laser beam oscillator
being for irradiating a laser beam to form  an
irradiation area having a temperature lower than the
softening  point of the brittle substrate, and the
cooling nozzle being for  releasing a cooling medium
to cool down the brittle substrate. Due  to a stress
gradient that occurs between a compressive stress
generated 15 in the irradiation area on the brittle
substrate at which the laser  beam is irradiated from
the laser beam oscillator and a tensile stress
generated in a cooling area onto which the cooling
medium is released  from the cooling nozzle, the
vertical crack generated by the glass  cutter is urged
to extend along the planned scribe line so as to  20
form a scribe line. According to the present invention
with this arrangement, since  the wheel tip receives a
load that only allows the wheel tip to remain  



in contact with the brittle substrate when being
positioned somewhere  other than a desired position at
which the vertical crank Is to be 25 generated in the
surface of the brittle substrate, noiexcessive
pressure is applied to the brittle subatrate,
therefore, it is possible  to prevent the wheel tip of
the glass cutter from damaging the brittle  substrate,
for example, chipping off the substrate, when the
wheel  27 tip proceeds up onto the brittle substrate,
for instance.  Further, even if the surface of the
brittle substrate has unevenness or the brittle
substrate is warped, it is possible to  adopt an
appropriate scribe condition that is in accordance
with  5 the height of the surface of the brittle
substrate; therefore, it  is possible to always foam a
stable scribe line. Furthermore, a blade is used for
the formation of a vertical  crack to be an
origination point of a scribe line; however, other
than that, the vertical crackle made to extend along a
planned scribe 10 line so as to form a scribe line
with the use of thermal strain generated  in the
brittle substrate; therefore, cullet is generated only
by  a very small amount near the origination point,
and the amount of  cullet generated is very much
smaller than in the case where a  conventional method
with a blade is used. 15 28 CLAIMS  1. (Original) A
scribe line forming apparatus comprising: a vertical
crack forming member that has a blade at a tip
thereof and is used for forming a vertical crack to be
an  origination point of a scribe line by pressing the
blade against  a surface of a brittle substrate with
pressure; 



an impact force applying means for applying an abrupt
impact force to the vertical crack forming member in
order to  generate the vertical crack having a
predetermined depth at a  desired position in the
brittle substrate; a heating means for forming an area
having a temperature  lower than a softening point of
the brittle substrate; a cooling means for cooling the
brittle substrate; an arrangement movement means for
arranging the heating  means, the vertical crack
forming member, the impact force  applying means, and
the cooling means to be positioned so as to  move
relative to the brittle substrate at predetermined
intervals along a planned scribe line that is
prearranged on the  surface of the brittle substrate;
and a control unit that controls driving of the impact
force  applying means. 2. (Original) The scribe line
forming apparatus according to  Claim 1, wherein the
control unit controls driving of the vertical crack
forming member and the arrangement movement means so
that the  blade moves while being kept in contact with
the surface of the  brittle substrate by a load which
does not allow the blade to  damage the surface of the
brittle substrate, and when the blade  29 is
positioned in the vicinity of an edge of the brittle
substrate and in the vicinity of a passing point at
which the  blade passes a previously-formed scribe
line, the control unit  controls the driving of the
impact force applying means so as to  generate the
vertical crack having the predetermined depth in  



the brittle substrate. 3. (Original) The scribe line
forming apparatus according to  Claim 1, wherein the
heating means includes a servo mechanism that detects
a  change in a height of the surface of the brittle
substrate from  up-and-down movements of the vertical
crack forming member  moving on the brittle substrate
and adjusts a focal point of a  laser beam irradiated
from a laser beam oscillator according to  a result of
the detection. 4. (Original) The scribe line forming
apparatus according to  Claim 1, wherein the cooling
means is arranged by the arrangement movement  means
so as to move up and down in conjunction with
up-and-down  movements of the vertical crack forming
member that moves on the  brittle substrate. 5 .
(Original) The scribe line forming apparatus according
to  Claim 1, wherein the arrangement movement means
either arranges the vertical  crack forming member,
and the heating means, and the cooling  means to be
positioned in the stated order from a fore side of
the planned scribe line, or arrange the heating means,
the  vertical crack forming member, and the cooling
means to be  positioned in the stated order from the
fore side of the planned  scribe line. 30 6.
(Original) The scribe line forming apparatus according
to  Claim 1, wherein the arrangement movement means
arranges the vertical crack  forming member, the
heating means, and the cooling means so as to  



be able to change positions relative to one another.
7. (original) The scribe line forming apparatus
according to  Claim 1, wherein the cooling means
includes a servo mechanism that adjusts  a height at
which the cooling means is positioned. 8. (Original)
The scribe line forming apparatus according to  Claim
1, wherein the vertical crack forming member is a
glass cutter that  includes a wheel tip serving as the
blade and rollably supports  the wheel tip. 9.
(Original) The scribe line forming apparatus according
to  Claim 1, wherein the heating means is a laser beam
oscillator that  irradiates a predetermined laser
beam. 10. (Original) A scribe line forming apparatus
according to  Claim 1, wherein the cooling means is a
cooling nozzle from which a cooling  medium is
released.  fi  11. (Original) The scribe line forming
apparatus of- Claim 1, wherein the impact force
applying means is an armature that  generates movement
inertia for pressing the blade against the  31 surface
of the brittle substrate by turning on or off
electricity supplied to a solenoid coil. 12.
(Currently Amended) The scribe line forming apparatus
according to Claim 1, further comprising; one of a
laser displacement gauge and a contact  



displacement gauge for detecting a change in a height
of the  surface of the brittle substrate. 13.
(Currently Amended) The scribe line forming apparatus
according to Claim 1, wherein the brittle substrate is
one of a glass substrate for a  liquid crystal display
device, a glass substrate for a plasma  display panel,
and a glass substrate for an organic EL display
panel. 14. (Original) A scribe line forming method
comprising the  steps of: while making a vertical
crack forming member having a blade  at a tip thereof
move on a brittle substrate, generating a  vertical
crack having a predetermined depth at a desired
position on a brittle substrate with an impact force
applying  means that applies an abrupt impact force to
the blade; forming a scribe line by forming, with the
vertical crack,  an irradiation area that has a
temperature lower than a  softening point of the
brittle substrate along a planned scribe  line
arranged on the brittle substrate, and forming a
cooling  area in rear of the irradiation area. 32 15.
(Original) The scribe line forming method according to
Claim 14, wherein the generating step of generating
the vertical crack having  the predetermined depth at
the desired position on the brittle  substrate by the
impact force applying means is performed when  the
blade is positioned in the vicinity of an edge of the
brittle substrate and in the vicinity of an
intersection  position at which the blade intersects a
previously-formed  



scribe line. 33 


