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SPECI FI CATI ON  SCRI BI NG DEVI CE AND METHOD FOR BRI TTLE
MATERI AL SUBSTRATE, AND AUTOVATED BREAKI NG LI NE 5
Technical Field The present invention relates to a
scri bing device and a scribing nethod which are used
upon formng a scribe Iine on a brittle material such
as a glass substrate to be used for a 10 flat pane

di splay (hereinafter, referred to as FPD) or a

sem conduct or waf er, s to an automated
breaking |ine using tﬁggﬁééﬁgéﬁgﬁg§the met hod.
Background Art 15 An FPD fornmed of a pair of glass
substrates bonded to one another is produced by
tual |y bondi ng two | arge-si zed not her | asses an
scf bt Vi A Brmdl 308 AT TR dB P Ao FORSTRATE, AND
Wen t he bonded not her gl asses are broken, in a scribe
AUTQMATER BREAKING (EBilg devi ce, scribe |ines are
previously 20 formed with a cutter on the respective
not her gl asses, and the nother glasses with the
scribe lines fornmed thereon are conveyed to a break
Techwicahefrkel@rti cal cracks i mediately under the
scribe lines are penetrated (broken) in a thickness
di r ettie predentheimpdiierorny|Bskeses My ea Ecidimfldevice and a
the step 25 of breaking a nother substrate is
scEinbid tme €ito @ f wii Ieh s@ré besed S@p i Dredkisd €Pine on a

provi ded after the scribe step.
brittle material such as a glass substrate to be used for a
flat panel display (hereinafter, referred to as FPD) or a

semiconductor wafer, and also relates to an automated breaking

line using the device and the method.

Background Art

An FPD formed of a pair of glass substrates bonded to one
another is produced by mutually bonding two large-sized mother
glasses and then breaking the glasses into a predetermined
size. When the bonded mother glasses are broken, in a scribe
step having a scribing device, scribe lines are previously
formed with a cutter on the respective mother glasses, and the
mother glasses with the scribe lines formed thereon are
conveyed to a break step where vertical cracks immediately
under the scribe lines are penetrated (broken) in a thickness
direction of the mother glasses. More specifically, the step

of breaking a mother substrate is constituted of the scribe
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In recent years, a nethod of using a | aser beam for

formation of a scribe line has cone into practical use

in the scribe step, as disclosed in Japanese Pat ent

No. 3027768. In 5 a nethod for form ng a scribe |ine

on a glass substrate by the use of a |aser beam as

shown in Fig. 1, a glass substrate 111 is irradiated

with a |laser beamfroma | aser oscillation device

112, The |l aser beamenmitted fromihe | aser oscillation
stagurad o FE R SRR protiast Fhier UiRrseitn e

| ass 10 substrate 111 along.a line to be scribed. The

Ol ashh STRRPRLIEaHS 1 & ARP T o dFS A kAt e PaaTbrAoT

the |aser _oscillation device 112 are relatiyelf _
foxmatien of Rgceribagtitriias come ctrtopBActiral aage in the

spot. Moreover, a cooling nmedium such as cooling
SChpberster. as dpsalesed rbm BpvvsePaient Nd133027T6R. In

vicinity of the |aser-beamirradiation region on a
a mefhedcfof formipasy seulse rkire 1di,a ylass teubstmate by the

scribe line. On the surface of the glass substrate
usd 1df | a r bals e coeam  has hehdwasein H&agn 1 conprBsss adubstrate 111

stress generates due to heating by the | aser beam 20

is ahtradiwteaflveth 4 elside IdaRSEr@ener Biesr dei v dHiton
spraying of the cooling nmedium Therefore, since the

de¥Bsi 1 B2 St I'BSS 1400 THE AR i 483 'SP Nthd 1d%er oscillation
vicinity of the region where conpression stress has

de\ﬂﬁé@rﬁiﬁdfoﬁn§_té&5§lﬂi%€jic%i DESANF Ssp PEIVEh e (¥Pass
regions according to the respective stresses, 25 &
sutg%’tf%%@é‘gif‘i | oy PA 1 LR ST 88 Kod VEEL v . Craek) g i QL ddinstrate
111 and the laser beam emitted from the laser oscillation
device 112 are relatively shifted along a longitudinal
direction of the laser spot.

Moreover, a cooling medium, such as cooling water, is
sprayed from a cooling nozzle 113 in the vicinity of the
laser-beam irradiation region on a surface of the glass
substrate 111, so as to form a scribe line. On the surface of
the glass substrate 111 irradiated with the laser beam,
compression stress generates due to heating by the laser beam
and, thereafter, tensile stress generates due to the spraying
of the cooling medium. Therefore, since the tensile stress
generates in the region in the vicinity of the region where
compression stress has generated, a stress gradient occurs

between the two regions according to the respective stresses,

and for generating a blind crack (vertical crack) formed at an
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end of the glass substrate 111, a blind crack
(vertical crack) 1is fornmed froma cutout (trigger)
along the line to be scribed on the glass substrate
111. Since the vertical crack, fornmed on the surface
of the 5 glass substrate 111 by the use of the | aser
beamin the manner as described above, is mnute and
thus normally invisible to the naked eye, the crack

s call ed blind crac After.the blind grack,

enguof a8 oot MouEl Ake 1L g R dRd el ffdifim erack)

. the glass substrate 11 { he ass substrate 10 111 .

15 Eplhdelett oo PRLoutiCtrlaseT by aland b s eta be scribed
force is applied onto the glass substrate such that a

on Heheli #lefdnErPstE2te thla width direction of the blind
crack BC, to allowthe vertical crack to penetrate in
t he $Hekneee Wwrkteabrewick hefoxped o U rsunfacsmdf the
the gl ass substrate 111 is thereby broken 15 al ong

glase shbstratackl Bhnsthdeuserobethe nbasdhdveamnrin sine manner
cases where a blind crack BCis not nornmally forned

as wilesct bieedbabvevel e sts | irbmuse ramd ndhueviiemmabheyn invisible to
conditions are not appropriately set, the conditions

theé ndkied ngye hetthé ngréyk | 1¢ ach Bléd@Na HEIHY @eickinBe. ar ea
of a |laser beam 20 cooling by a cooling nedium and a

rel i ver sthd thNth@ Reetelof (vdiel das edrdam B hd hehe scribe
gl ass substrate. If the glass substrate on which the

1imd i D¢l £6ARKa BSn hase ngladeesbofPRid 111 0Tl §fass substrate

supplied to the subsequent break step, the glass

t i i .
11:\?;\huf.§éhé<r9‘ﬁax§e &d NES Hﬁé’@ﬁb@é%ft ec—p%]f 2%%%3%?%% 2 force is

5 lead to danag

apﬁYE%Hc%“%%ﬁ¥5érbi£§% substrate such that a bending moment

acts in a width direction of the blind crack BC, to allow the
vertical crack to penetrate in the thickness direction of the
glass substrate, and the glass substrate 111 is thereby broken
along the blind crack BC as the scribe line.

There are some cases where a blind crack BC is not
normally formed with the above-described scribing device when
conditions are not appropriately set, the conditions including
heating by irradiation energy per unit area of a laser beam,
cooling by a cooling medium, and a relative shifting speed of
the laser beam and the glass substrate. If the glass
substrate on which the blind crack BC has not been normally
formed is supplied to the subsequent break step, the glass
substrate is not broken along the blind crack BC, which may

lead to damage of the glass substrate. When damaged in the
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3 break step, the glass substrate cannot be used as a
conponent of an FPD, resulting in |oss of econom ca
efficiency as well as deteriorated production
efficiency of the FPD. Further, the damage of the
gl ass substrate m ght cause damage of a 5 device for
breaking a glass substrate itself. It is therefore
desirable to check that the blind crack BC has been
certajnl rmed_on the glass substrate in the

or§gk: ShabY (b0F CElash, aoBe 2 SARRGE e el itn acoppponent
be formed on_the glass substrate is mnute, it

of @R PPy ESRRbEIRG 10 19%%PF yoroRpRttRY *btigieney|gs well
observed with a CCD canera.  Hence, there has been a

as ebeERPTRALeRPT PSR FRIOR R fbicboneY @f Bre PRy ackurther,
(vertical crack) BC cannot be readily checked in the

the cdamagg eBvike. glass heubstrate nighe cause pdamade | ofya
that a |laser beam 15 emtted froma |aser may affect

devhee efjer breakipg obl ehass csabstrztesiofelfie safety to
visually check the formation of the blind crack under
i rralit at$ othafefdee | dseirdieken thireveck sghabitige Thend crack
present invention solves the above-nentioned probl ens,

BC 20adnde&h NBet bapiDyi fiermedevh Cehangh @s eediwsh £9fe in the
scribing a brittle material substrate, which are

sceEpaRG eaotice! t aidhdveEheskhdd end bRl Obrstiat 8c Of o e
blind crack to be forned on a surface of a brittle

forMe &l bl tBdIDg1 484 B SHSHrAfe 21 9! RBFutSUPEE e And Py cannot be
certainly break the brittle nmaterial substrate In

visually inspected nor directly observed with a CCD camera.

Hence, there has been a problem in that normal formation of a

blind crack {vertical crack) BC cannot be readily checked in

the scribing device.

Further, since there is a possibility that a laser beam
emitted from a laser may affect the eye, it is problematic in
terms of the safety to visually check the formation of the
blind crack under irradiation of the laser beam during
scribing.

The present invention solves the above-mentioned problems,
and aims to provide a device and a method for scribing a
brittle material substrate, which are capable of certainly
checking a formation state of a blind crack to be formed on a
surface of a brittle material substrate such as a glass

substrate to certainly break the brittle material substrate in

a step of breaking a brittle material substrate, and also
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25 a step of breaking a brittle material substrate,
and also 4 provide an automated breaking |ine using
the device and the nethod. Disclosure of Invention 5
The present invention provides a scribing device for a
brittle material substrate, which continuously heats a
region along aline to be scribed on a surface of the
brittle material substrate at a tenperature |ower
than a_softenin oint. of the britifle materi a|
PTQVELE raf et b d oot Bem HRBULTIRE IS SeVEGR e rthe
the vicinity of the heated region, thereby formng a
methody crack along the line to be scribed, the
scri bing device characterized by conprising: a |[|ight
gui de which is arranged so as to propagate light to
and fromthe region of the blind crack formation in
Disqbosiee nef yInwentieme cool ed region on the surface of
the brittle material substrate; a |ight projection
uni tTivhi present sinvet i¢omrmmpidesaa |sghibing disvice for a
light reception unit which receives, through the
britgyh¢ matereial heubsghdtem whbch feamimheowsptheats a region
projection unit through the l[ight guide and refl ected

aldiyg t el 2 btd Msle cs@ekbe@Neh 8a dQL£F 466 8dF OfhalhEiti&h

di stinguishes a [light receiving |evel obtained by the
maté il r eePEr e Uit ta TERpOFLEER 1HYEN£104h 3k S8oftening
provi des an automated breaking line for a brittle

pofi#t &+ atne WSl t 818 mater il Bt LAIPTARLSY: At
east one such a device for scribing a brittle
continuously cools a region in the vicinity of the heated
region, thereby forming a blind crack along the line to be
scribed, the scribing device characterized by comprising: a
light guide which is arranged so as to propagate light to and
from the region of the blind crack formation in the vicinity
of the cooled region on the surface of the brittle material
substrate; a light projection unit which emits light through
the light guide; a light reception unit which receives,
through the light guide, the light emitted from the 1light
projection unit through the light guide and reflected by the

blind crack; and a determination unit which distinguishes a

light receiving level obtained by the light reception unit.

The present invention also provides an automated breaking

line for a brittle material substrate, characterized by
comprising: at least omne such a device for scribing a brittle

material substrate; and at least one device for breaking the
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25 material substrate; and at |east one device for

breaking the 5 brittle material substrate. The

present invention also provides a scribing device for

a brittle material substrate, which continuously heats

a region along a line to be scribed on a surface of

the brittle 5 material substrate at a tenperature

| oner than a softening point of the brittle materi al

S trate apd, also continuously cools a region in
br%ﬁgf%i%?F??&a%fs?h%tﬂ%B?ed region, thereby formng a

blind crack along the Iine to be scribed, the . )

scri PR Re ThERREIRR i 3ktP BrCHARS @ mpripigg rdgvice for

and second |ight guides which are arranged so as to
a beihele i Het§rbrbpiges tratehtwhichmentiomeusly dypatks ol

the blind crack formation in the vicinity of the
regbol callorgi anlbme thebesusdrnthedion e surfadce ofitthe ddrittle

substrate; a light projection unit which emts |ight
matérbabhsthetfatstati ghtedpexaiuee Iowéxghtharecepdaobiening

unit which receives, through the second |Iight guide,
poife of gtite etviitele frmatetiel | s\ Whdtritd] £ed | am s t

through the first light guide and transmtted through

cothEnbi Sy CEG6ks @nfedi slet Bk MWty inity Wi ehe heated
di stinguishes a |ight receiving | evel obtained by the

redidil! tREréBEeRSIRInG N tb1il® SFESEU1dAY ertd 0D S be

provi des an automated breaking line for a brittle

scfBEL) oS e Ioley GUNAE GULAEE DY o FOINE | abihs fhns,
first and second light guides which are arranged so as to
respectively propagate light to and from the region of the
blind crack formation in the vicinity of the cooled region on
the surface of the brittle material substrate; a light
projection unit which emits light through the first light
guide; a light reception unit which receives, through the
second light guide, the light emitted from the light
projection unit through the first light guide and transmitted
through the blind crack; and a determination unit which
distinguishes a light receiving level obtained by the light
reception unit.

The present invention also provides an automated breaking
line for a brittle material substrate, characterized by
comprising: at least one such a device for scribing a brittle
material substrate; and at least one device for breaking the

brittle material substrate.
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material substrate; and at |east one device for
breaking the 25 brittle material substrate. 6 The
present invention also provides a scribing method for
a brittle material substrate, in which a region al ong
aline to be scribed on a surface of a brittle
materi al substrate is continuously heated at a
tenperature | ower than a softening 5 point of the
brittle material, substrate and, also, a region in the
vi ci“?ﬁ"’r‘ WOTSthe HEGRRW PR AP i%r%‘b‘rﬂer%?ogcfv%tﬂ digthod for
so, that a blind crack is fornmed along the line to be
a REFTBEY, M beriat FRPRETAER noth dfite 1@ rFosiPyalong a line
conprising: emtting light through a |ight guide
totReferiped reyi dnserface of i adoekticle MAterkal | vibskrate is
the vicinity of the cooled region on the surface of
copbibnppysly cheatediat aubemperatureckiwengthard |@ciefitening
light, obtained fromthe blind crack, through the
poinghef gtihelehribtile peatervahgswositaieg awd) eadecka egion in
condition of the blind crack formation based on a
the i gitintrtei of nghé cdvedted Srddiomr s afdnt Ivesis DR @dSDed, so
provides a scribing nethod for a brittle nmateri al

th&tbstBBiRd ¢Hadhi £ EoFREd CALGMPNEha 1id® 6 B scribed, the
scribed on a surface of a brittle naterial substrate

sctBbik§ thé ANOESENaFEat &6 Ada absf Zémng‘;%ﬁé&x?g | MRi {8 Pight

softening point of the britt erial substrate

thAOEgh 3h SPi gt ' §9 &8 {5Wg¥htfﬁbVfé@fgﬁyofft%fgb qgﬁack
0 t In Crac

region is continuously cooled, s at a

robt ST AR O Sl {50 d e eI ko iy SFT LR Murcace
of the brittle material substrate; receiving reflected light,
obtained from the blind crack, through the light guide; and
performing scribing while checking a condition of the blind
crack formation based on a light receiving level.

The present invention also provides a scribing method for
a brittle material substrate, in which a region along a line
to be scribed on a surface of a brittle material substrate is
continuously heated at a temperature lower than a softening
point of the brittle material substrate and, also, a region in
the vicinity of the heated region is continuously cooled, so
that a blind crack is formed along the line to be scribed, the
scribing method characterized by comprising: emitting light
through a first light guide toward the region of the blind

crack formation in the vicinity of the cooled region on the

surface of the brittle material substrate; receiving light,
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through a first light guide toward the region of the
blind crack formation in the vicinity of the cool ed
region on the 25 surface of the brittle nmateri al
substrate; receiving light, 7 transmtted through the
blind crack, through a second |light guide; and
perform ng scribing while checking a condition of the
blind crack formati on based on a Iight receiving

| evel i ef cripijon of a Fig
tr%n%fa%mét FhE Gl Tt RLLAD) S %%hf%rsem% g
a, ScCri line with the use of a Iaser beam Fig
QUhd%ch {PRTEOHERY (FFHHRING i 1R chedking @y c%%%on of
for a brittle material substrate according to an 10
thepbifrdertack feenptierpased on idnlighy receiving level.
perspective view which diagrammatically shows a
| aser-beamirradi ati on position on a glass substrate
during formation of a scribe line with the use of the
Brief i Désgriplier oficRoawimgsto the enbodi nent of the
present invention. 15 Fig. 4 is a plan view which
di agfbgnal | L2l 4 yd shgweannea t b ysieal wist el eexpfl airainge metthod for
the glass substrate. Fig. 5 is a side view which shows

formimed | @cétnibst Bime ofithithé wio®] €Et@ N 4$OM Heam.
fiber-optic sensor onto the glass substrate according

to tieg enbok rend cémd e ESSE tu 181 Ofiew b i 4. s&iblng
shows graphs each of which shows change in amount of

de¥{Ce | £8Pt 2 rEELEVEL b EdriLep p&%sffhwea@@&éw@ éx*ﬂe
gl ass substrate, obtained by a detection unit
emB&A{RENE of the present invention.

Fig. 3 is a perspective view which diagrammatically shows
a laser-beam irradiation position on a glass substrate during
formation of a scribe line with the use of the scribing device
according to the embodiment of the present invention.

Fig. 4 is a plan view which diagrammatically shows a
physical state of change on the glass substrate.

Fig. 5 is a side view which shows a reflecting state of
light projected from a fiber-optic sensor onto the glass
substrate according to the embodiment of the present invention.

Fig. 6 shows graphs each of which shows change in amount
of the light received with respect to the position on the
glass substrate, obtained by a detection unit of the scribing
device according to the embodiment of the present invention.

Fig. 7 shows views each of which shows an example of an

uncontrollable crack which generates during the scribe line
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devi ce according to the enbodi nent of the present
invention. Fig. 7 shows views each of which shows an
exanpl e of an 25 uncontroll able crack which generates
during the scribe line 8 formation process. Fig. 8 is
a schematic view which shows a detecting state of a
detection unit of a scribing device according to a
second enbodi nent of the present invention. 5 Fig. 9
schematic view of a scribing device according to

iS_A.
tormahiPy BrBSEPFent of the present invention. Fig. 10
[ ew whi ch shows a constitution of another

i's Vi i .
exaﬁ%+%'o§ 1S Rt TREBRL LR YigW which i $7oWS fevdekecting state
according to an enbodi nent of the present invention.

°f 13 @?5@0€1°Psu%l§c%%n%t$%rw3ew olewtca reperding to a second
breaking line for a glass substrate, show ng one

eme@apeRt opf gthe naregent ek BteR- gl ass substrate
where a scribing device and, subsequently, a breaking
deviBegar® iscorpchenatic I6idesf MydecriGardevice Gutcording
the Invention In the follow ng, devices for scribing a

tobai thied natiecdbhentsukft tind cppesentli tgvdot Eoodi nent s
of the present invention wll be described based on

dr awrhgs. 10 hes s&rvbewgwittbolh Cshdws alse@shdti@ei®d of another
scri be steps for breaking a glass substrate to 20 be

exafigle fOf and&biution exofnbe. a REriPing @evLbEBEéSrding to
constitutional view which shows an enbodi nent of the

an PERBSAime h AVERT R pHdiSnSC{ARANGi eV ce conprises a
slide table 12,
Fig. 11 is a schematic view of an automated breaking line
for a glass substrate, showing one example of a line for

breaking a glass substrate where a scribing device and,

subsequently, a breaking device are incorporated.

Best Mode for Carrying Out the Invention

In the following, devices for scribing a brittle material
substrate according to embodiments of the present invention
will be described based on drawings. The scribing device is
used in one of scribe steps for breaking a glass substrate to
be used for an FPD, for example. Fig. 2 is a schematic
constitutional view which shows an embodiment of the present
invention. This scribing device comprises a slide table 12,
which reciprocates along a predetermined horizontal direction
(Y direction), on a horizontal base 11.

The slide table 12 is slidably supported by a pair of
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whi ch reci procates along a predeterm ned hori zont al
direction (Y direction), on a horizontal base 11. 25
The slide table 12 is slidably supported by a pair of
9 guide rails 14 and 15, which are arranged in
parall el along an wupper surface of the base 11, in a
hori zontal state along each of the guide rails 14 and
15. A ball screw 13 is provided in the nmiddle of the

ide rails, 14 and 15 sp as to rotate n 5 paralle

ouflls b fh' £t "End foi deifal et Alinded 0 BarALLSL satong an
nmotor (not shown). The ball screw 13 is rotatable

UPRSF vBrBE AR OFf cBheaPE Byl heald dfhenkzoptat Ftrte along each
shown), and a ball nut 16 is attached to the bal

of sthevgydde nrahbs st4tandflhei ny Pebhetcrew t b3 t byappeyided in
therewith. The ball nut 16 is integrally 10 attached

the onigdle| ¢fethabyeide raibs nbh-amd al? ngp samteo notate in
slides in both directions along the ball screw 13 by

parakblel owinbn deachl ofathwerguide atabdhs D4 dbd bRl by sceaws of a
13. Thereby, the slide table 12, to which the bal

moteoit (Botsshowepr al The bBalhcdherew sll dbs Bdbagaehe NfE@fward and
the guide rails 14 and 15 in 15 the Y direction. A

refefiesd aby lfledss abf age oo (W6t ZObwh) Stal@ &MADE nut 16
slide table 12. The pedestal 19 is slidably supported

is byt BacRedrtOf el B11 abdSed 1 8 {RNERY 4 PRI G| 54108 meshed
the slide table 12. Each of the guide rails 21 is

_ . : - | 5 & o
wﬁargag@énw ailerew! £2CT I Bl 205 Of tli0GONG! 1 4 Olsxﬁﬁéd%ﬁ?%ye

direction as the sliding direction of the

atldch&d {8Cfne | §1Pad CSEEL T P POt YELSh 8RS0 PInd NState, ana

slides in both directions along the ball screw 13 by the
forward and rearward rotations of the ball screw 13. Thereby,
the slide table 12, to which the ball nut 16 is integrally
attached, slides along each of the guide rails 14 and 15 in
the Y direction.

A pedestal 19 is arranged in a horizontal state on the
slide table 12. The pedestal 19 is slidably supported by a
pair of guide rails 21 arranged in parallel on the slide table
12. Each of the guide rails 21 is arranged in an X direction
orthogonal to the Y direction as the sliding direction of the
slide table 12. Further, in a midsection between each of the
guide rails 21, a ball screw 22 is arranged in parallel with
each of the guide rails 21, and the ball screw 22 rotates
forward and rearward by means of a motor 23.

A ball nut 24 is attached to the ball screw 22 in a state

10
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guide rails 21, a ball screw 22 is arranged in

parallel with each of the guide rails 21, and the

ball screw 22 rotates forward and rearward by neans

of a motor 23. 25 A ball nut 24 is attached to the

bal| screw 22 in a state 10 of being nmeshed with

together therewith. The ball nut 24 is integrally

attached to the pedestal 19 in a non-rotating state,

nd, noves jin_both djrections along the ball screw 22 ,

of et m?%‘?“%\%r‘ﬂl‘g‘hdt?%%'ﬂ\%? dEReReH Ghs ofbe RALLIIE 24 is
__screw 22. Thereby, 5 the pedestal 19 slides al ong each
ineorRbiy HEAPRPYsto1 thR PRESSKad Adcifom HORHSAGHMY state,

mechani sm 25 is provided on the pedestal 19, and a
and grey¢®niR dpPER 254%%*@% deleng theydralkbrierewta? dprthe

the rotation nmechanism25. A glass substrate 50 as an
forppedtand oéaxwardi rotatiomumediion hakl retmew o2 t allkereby,

26. The rotation nechanism 225 is rotated around a
theepedastaki 39 ashivdes helowveréacial ofli tlestgwihdefrdies 21 in the

rotation table 26, so that the rotation table 26 can
X dbrecthdéed at an arbitrary rotation angle with

respect to a reference position. The glass 15

subsA rad€atlbn Snddbxadi fntDs tHe gdwtdad st 3eaddtnl 19,
for exanple, a suction chuck. A supporting table 31

and Sa 8F & €AEESh 2boYEe 136 191BEdPIded 2 € HoPizdital state on
appropriate spaci ng therebetween. The supporting

tnf Sbeaioh SURRLIACH ", RIS MBS BY 50 2 obsect
ofvﬁﬁfiﬁfﬁgsiéuﬁbunted on the rotation table 26. The rotation
mechanism 25 is rotated around a central axis along the
vertical direction of the rotation table 26, so that the
rotation table 26 can be rotated at an arbitrary rotation

angle with respect to a reference position. The glass
substrate 50 is fixed onto the rotation table 26 with, for
example, a suction chuck.

A supporting table 31 is arranged above the rotation
table 26 at an appropriate spacing therebetween. The
supporting table 31 is supported in a horizontal state by a
lower end of an optical holder 33 arranged in a vertical state.
An upper end of the optical holder 33 is attached to a lower
surface of a mount 32 provided on the base 11. A laser
oscillator 34 for oscillating a laser beam is provided on the

mount 32, and an optical system, held in the optical holder

33a, is irradiated with a laser beam oscillated from the laser

11
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An upper end of the optical holder 33 is attached to a

| ower surface of a nount 32 provided on the base 11.

A laser oscillator 34 for oscillating a | aser beamis

provided on the nount 32, and an optical system held

in the optical holder 25 33a, is irradiated with a

| aser beamoscillated fromthe |aser 11 oscillator

34. The gl ass substrate 50, nmounted on the rotation

table 26, _ is irradiated wth the | aser beam wth
OSGht tRtPhe3fnsi de of the optical hol der 33 has been

irradiated, fromthe |ower end 5 face of the optica

hol dEire 33lage sehstr¥atee 5Q hduginked aubthe aetdoion table 26,

irradiated with the | aser beamas an elliptical |aser
isspbradbatedxvibiethel bagen peametwith nduichli teet innidy of

the optical systemheld in the optical holder 33. A
theuepticahekdldep 3% has Peemi hgradtatedt firomgges)lower end

10 the surface of the glass substrate 50 is provided
facedef the ostppal thobdénmbl®. 31At Tthbs ctime) teehlisd

35 is used for formng a cutout (trigger) as a

substoges $0rifoffagi@tddiwtth CEREKILAYEF thEah £ agkK)
along the longitudinal direction of the |aser beam

elWMpHioki chasbe £p6t Ofohdeett asSedWRILAISE PledStdtnined
irradi ated, and the cutter wheel tip 35 is

diASELIGRbhY/ fes copEaRlY Hedeenen NP Hipd gc‘[?ﬁStf’@al L' lder 33.

supporting table 31 is provided wth a co ng nozz

o7, 8 O ted Ll SPUSH Rl SHEE (Bl on
th&hg&gﬁggéeof the glass substrate 50 is provided under the
supporting table 31. This cutter wheel tip 35 is used for
forming a cutout (trigger) as a trigger for forming a blind
crack (vertical crack) along the longitudinal direction of the
laser beam with which the end of the glass substrate 50 is
irradiated, and the cutter wheel tip 35 is
ascendably/descendably held by a chip holder 36.

The supporting table 31 is provided with a cooling nozzle
37 in proximity to the optical holder 33 such that an
arrangement position of the cooling nozzle 37 is changeable.
From this cooling nozzle 37, a cooling medium, such as cooling
water, He gas, N; gas or CO; gas, is sprayed onto the glass
substrate 50. The cooling medium is sprayed from the cooling
nozzle 37 onto a position in proximity to the end of the

longitudinal direction of the laser spot from the optical

holder 33, with which the glass substrate 50 is irradiated.
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20 Fromthis cooling nozzle 37, a cooling nedium such
as cooling water, He gas, N2 gas or CO2 gas, is
sprayed onto the glass substrate 50. The cooling
mediumis sprayed fromthe cooling nozzle 37 onto a
position in proximty to the end of the |[|ongitudina
direction of the |laser spot fromthe optical 25 hol der
33, with which the glass substrate 50 is irradiated
12 Further the scribing device conprises a pair
ccD Futihfts e FRF RIS A8 138 R Ja‘-f%Sgrﬂmnﬁlw%sCCD
previously _patterned on the glass substrate 50, and
CamrRs of 8 Il aPY Hor E&%ﬁkﬁ%VQEkﬁﬂ%ﬁﬂm¢R¢rﬁﬁ#ﬁs3@reVlOUS1Y
whi ch respectively display 5 i nages picked up by the
PatEreede?Rstieg ahaisSosuliperatppol ¢ i and tednt@ds (28 and 29
provided with a detection unit 40 in proximty to the
are optovngdedzonh etl3d . mdimet d22 ecthorh uredpedifi deleodssplay
whet her a blind crack (vertical crack) has been
imagesapigkédrupdoprtmotCCh canepoLBs mrpd oxdmty to the
cooling 10 nedium sprayed fromthe cooling nozzle 37

ont oridesghpest iy bsibhd 31 Y ExAmd«al Wwith a detection unit
phot oel ectric sensor is used as the detection unit

4040 PRERLRDEY | £/t Bl Yo b NEA I h e BE PP | Oﬂm débettdn unit

a light prOJectrng/recervrng part 42 and

40 d&éeww%@@hw 4 ¥Pind Sctdoit Nev&hstef é&ra@r Ngad NSeen

gl ass substrate 50 wth the use of such a scribing

nof’rﬁ%{i  £OEhSE  of NGB! £5Sa SHOS1 SR £ g;glr J?F]P@y ; Ot?k?ﬁ% cooling

Into pre etermned SIZGIS mount e

me&fﬁm sﬁ¥5§%dtf§bﬁcfﬂg 5@5f§%@‘§%z£i§i§;“%h{$xﬁge glass

substrate. For example, a photoelectric sensor is used as the
detection unit 40, and constituted by including an optical
fiber 41, a light projecting/receiving part 42 and a
determination unit 43.

In the case of scribing the glass substrate 50 with the
use of such a scribing device, first, the glass substrate 50
to be broken into a predetermined size is mounted on the
rotation table 26 of the scribing device, and then fixed
thereto by suction means. Subsequently, alignment marks
provided on the glass substrate 50 are picked up by the CCD
cameras 38 and 39. The picked up alignment marks are
displayed on the monitors 28 and 29, and the positional
information on the alignment marks are processed in an image
processing device (not shown) for positioning a table.

Thereafter, the rotation table 26 mounting the glass substrate
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thereto by suction neans. Subsequently, alignnent
mar ks 20 provided on the glass substrate 50 are picked
up by the CCD caneras 38 and 39. The picked up
al i gnnment marks are displayed on the nonitors 28 and
29, and the positional information on the alignnent
mar ks are processed in an i nage processing device
(not shown) for positioning a table. 25 Thereafter,
the rotation table 26 unting the glass substrate 13
>0 5%3%8%5@%??% et ot %r‘-gg%a%? W%elag%?r% ofil Wi tRespect to
respect to the supporting table 31, and the glass
the [BUPPAFELEG TabISOAL - saRd HERR vF1H54 HEARETBHE 50 aberthen
beam Wen the gl ass substrate 50 is scribed, a
scripef t U Ralheli weet pbHna olager sheami ptWken thecglapot,
Wi th which the surface of the glass substrate 50 is
substoatat 2@, isropribedopai bakghbhdibnaB3disecrioh of an
direction along a scribe line to be forned on the
elbipbicalubasent epdd, wWheh rnabath ovhé adhef@6e ief the glass
positioned by the slide of the pedestal 19 on the
susstoeté abb eid 2i pnadideed) fodmttion Oftidel riodBiéON33 is an X
table 26 by the rotation mechanism?25. Fig. 3is a
ditk el aMEl bky PLr SEELhé VEL Ve eXb W CFoSi@dSo@ the glass
| aser-beamirradi ating state on the gl ass substrate 50

subStPLte SS6 | DOthOYré PR 564 | PAWDe ILY | £&8 pbé Dridndd By the
pl an view which diagramatically shows a physica

t t f f S
s1E40102 G IRIRGEED 19,92 S161 S8R0 0, 9150 e

of the rotation
roro¥%%%2%f?g ?gEBEQF%BEFFggg gggi%%‘%%@‘%é%%tfggamechanism 25,

Fig. 3 is a diagrammatic perspective view which shows a
laser-beam irradiating state on the glass substrate 50 to be
scribed by the scribing device. Fig. 4 is a plan view which
diagrammatically shows a physical state of change on the
surface of the glass substrate 50.

Upon positioning of the rotation table 26 with respect to
the supporting table 31, the rotation table 26 is slid along
an X-axis direction, so that the end of the glass substrate 50
is opposed to the cutter wheel tip 35. The cutter wheel tip
35 then descends to form a cutout (trigger) TR at the end of
the glass substrate 50.

Thereafter, while the rotation table 26 is slid in the X
direction along a line to be scribed, a laser beam is applied

from the laser oscillator 34. Simultanecusly with this, a

cooling medium, such as cooling water, is sprayed from the

14



10

15

20

25

an X-axis direction, so that the end of the gl ass
substrate 50 is opposed to the cutter wheel tip 35.
The cutter wheel tip 20 35 then descends to forma
cutout (trigger) TR at the end of the glass substrate
50. Thereafter, while the rotation table 26 is slid in
the X direction along a line to be scribed, a | aser
beamis applied fromthe |aser oscillator 34.
i ul t aneousl ith this, a 25 cooling gedium such as
co%iﬁ??nﬁoﬁéﬁﬁr¥7¥t°§%£%?5dw¥F%n??TﬁFeﬁ edd3tFng nozzl e
37 together with conpressed air. The | aser beam
osciT&%t%@S?¥69??%e°$%%%¥a?%@if?%ﬂcﬁh%4la$%ﬁrﬁﬁ%&ﬂlﬂtor 34
elliptical laser spot LS on the surface of the glass
foxmpsep Ll bptiqat laser spot LS emsthe surfpeecef the glass
shape with 5 a long dianeter "b" of 30.0 nmand a
subksbrate 2%et eFhe ataggr 1spot Ma$ sl an ¢llipitbcall shape with
that the long axis thereof agrees wth the direction
a bénghdismeter Pheof o3hel fromnanid & nshdwrs dtamseten "a” of 1.0
tenperature of heating by the |aser spot LS is | ower
mm} hamd ais eipradl ated afueihi that hehgl besg sabbs r tih€rdOF | &grees
nelted, 10 that is, |ower than a softening point of

withetigé agsretbssn ab . thd Nésrevabl Bse t 6 BerfeeRe@f the this
gl ass substrate 50, irradiated wth the | aser spot

casd, 40tOfp&eatese Wbof NPeht IBY thPOtnd NEasOP! PG VBS el s Power

sprayed fromthe cooling nozzl'e 37 onto a cooling

th&R &t t &ipe i che | 8t OPnidbe £ﬁ€egi§b§ei§§%fpggea§0 %% flelted,
5 e e

spacing of 2.5 mm for exanple, I1nt ongi t udl na

thQ{rfgfiP@wa.%ﬁgnl§S§3f§éﬁiné£§${ﬁ{n$Petﬁ§g§f§ss substrate.

Irradi ated w
This enables the surface of the glass substrate 50, irradiated

with the laser spot LS, to be heated without melting.

The cooling water is sprayed from the cooling nozzle 37
onto a cooling point CP, which is on the line to be scribed at
a spacing of 2.5 mm, for example, in the longitudinal
direction of the laser spot LS from the region irradiated with
the laser spot LS. This cools the cooling point CP on the
surface of the glass substrate 50. Consequently, a
temperature gradient occurs in a region between the laser spot
LS and the cooling point CP.

Compression stress generates in the region on the surface
of the glass substrate 50 which was heated by the laser spot
LS, while tensile stress generates on the cooling point CP
onto which the cooling water was sprayed. With the

compression stress generated in the region heated by the laser
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the | aser spot LS. This cools the cooling point CP on
the surface of the glass substrate 50. Consequently,
a tenperature gradient occurs in a region between the
| aser spot 20 LS and the cooling point CP.
Conpression stress generates in the region on the
surface of the glass substrate 50 which was heated by
the | aser spot LS, mhile tensil e stress generates on
oolin 0j nt ¢ onto which the cooling water was
SP%% 1§ RpathE tostle et HopPiated o cite desl 198 point
he region heated by the |aser 15 spot LS and the
CPt%RB}? RY rele %Rﬁ%&%ﬂr%P?ﬁFtrﬁPQREﬁ#?&PQKﬁFﬁeS%}haV1n9
cool ed by the cooling water, conpression stress having
geperied ot | & Redbaditiysien olﬁegiecgi diP He égeR cthe hkaser spot
| aser spot LS and the cooling point CP |eads to
LS gam@r tire orooling | po et 5CR eheade o resmermatidre eboh i harge
point CP toward a region on the opposite side to the
tehsbbe soést St Ttheugbolheg useimt CHiisowdrdsa |¥egion on the
stress, the rotation table 26 is slid in the X
opplbs s | ohdal oogthdelddsde spobescritiethugndiivé tdsdé hdS this
slide, a blind crack BCis fornmed along the line to

teheiBersbedsd | orh@ AdtLtionttdbré gperls TR {@rimdeed % he
end of the glass substrate 50 with the cutter whee

ditédrSon dI6nd! tid LIREk S Necr bsdal dya IWBRECLRLs slide, a
i medi ately after the generation thereof, but becones

b1 04" %&&Evﬁ’@lf SEYEhS4 éf&?%dtshé af Hle 'Iﬁ:d@@t%bfﬁae@ffrom a
t he nd crac BC depends Upon a size of

cu%ﬁg’?r(f‘f’fégétg) Fr St & Fm@d 406U I USIOGT M bR rate

50 with the cutter wheel tip 35. The blind crack can be

visually inspected immediately after the generation thereof,

but becomes non-observable several seconds later.

A depth (8) of the blind crack BC depends upon a size of
the laser spot LS, a size of the heat diffusion region HD and
a shifting speed V of the laser spot LS, the cooling point CP
and the glass substrate 50, and this can be expressed by the
following formula (1). It is noted that “a” is the short
diameter of the laser spot LS, "b" is the long diameter of the
laser spot LS, L is a length along the scribe line in the heat
diffusion region HD (spacing between the laser spot LS and the
cooling point CP), "k" is a coefficient depending on a heat
physicality of a material as an object of scribing (glass

substrate), heating beam irradiation density, and the like.

V = k*a(b + L)/0 .. (1)
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a shifting speed V of the |laser spot LS, the cooling
point CP and the glass substrate 50, and this can be
expressed by the following formula (1). It is noted
that "a" is the short dianeter of the |aser spot LS,
"b" is the long dianmeter of the 20 | aser spot LS, L is
a length along the scribe line in the heat diffusion
region HD (spaci ng between the | aser spot LS and the
cool j hg, poi nt ) ... K" is a coefficient depending on a
heathd PRELR T ARG Ve, (/i S SHATBIF oU R Brotort dianeter
w _Scribjn | ass substrate), heating beamirradiatjon
ade‘ﬁﬁi {ﬂ?/jg é%ﬂelf hePPT KeS 3% I Q mm( A 119ng diameyqy ‘" of the
As described above, as one exanple, when a short _ _
1agennePRF LS ais 030 { g asr lap@kh (5 a1ong (B nggTibe ohpe in
di aneter "b" of the laser spot LSis 30.0 nm a
the ek diffenion segioe HP nks k. 3 Henheatskifting ospeed of
region HDis 2.5 mm a shifting speed of 5 the gl ass
thgupbasat subotTat 0D ¢ s3¢¢ mmisec poawed afpdwer |@fethe laser
beamis 80 W a depth of the blind crack BCis 120 m

bediese 80WIET 4 Cdapthlest atite el Bied esr&dk aSC t0s DE20 pm. These
optimal Iy conbi ned depending on various conditions

nufieri@reabsss ngre agell ébedd Usedas fos 1Serdpi tBa11P ASmbined
shown in Fig. 3, the cooling point CPis |ocated

depem@ih @t &h yvaehb s Ebeal eseis shsk caddli By Vedid Cthen used

crack occurs imediately behind the cooling point CP,
foRSs@eskinded above. Since this vertical crack soon
becones the blind crack BC, light is projected from

the Ad adflow i iH9/ 5 eclld I ddbiing point CP is located
immediately behind the laser spot LS, and a vertical crack
occurs immediately behind the cooling point CP, as described
above. Since this vertical crack soon becomes the blind crack
BC, light is projected from the light projecting/receiving
unit 42 of the photoelectric sensor toward the detection point
DP immediately behind the detectable cooling point CP. As
shown in Figs. 3 and 5, the projected light is once reflected
on the lower face of the glass substrate 50, the blind crack
is irradiated with the reflected light, the light is reflected
diffusely by the blind crack, and part of the diffusely
reflected light is obtained in the light projecting/receiving
unit 42 of the photoelectric sensor. A photodiode of the
determination unit in the photoelectric sensor converts a
light amount level of the reflected light into an electric

signal and then amplifies the signal. The condition of the
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15 unit 42 of the photoelectric sensor toward the
detection point DP imedi ately behind the detectable
cooling point CP. As shown in Figs. 3 and 5, the
projected light is once reflected on the |ower face
of the glass substrate 50, the blind crack is
irradiated with the reflected Iight, the light is
reflected 20 diffusely by the blind crack, and part of
the djffus ._refl ect ljght. is obtained in the
sor{c Lng; Eetindiveiek i o i) o odefecten By e
. phot oel ectric sensor. A photodi ode of the .
Aiger PP AEi PR ofint e | AR Lt 1 HhInRl rysing Rpdetermined
converts a _light amount |evel of the reflected |ight
thresholgs el BEFiReDs & hhght Flaidecks dpged ffes prejecting
signal. The condition of the 17 scribe line (blind
lighfckrat theelight dereiecting/ t¢eeiving riminat2 ont ofhe
the anplified signal using predeterm ned thresholds.
phéteehectric| sghsogutaeard tisedidecipian gqueimy DPj gdmid for
fromthe |light projecting/receiving unit 42 of the 5
re@hiying ece f 1ected shigh bwal £ i ded Thet wef i oot iy DR blind
and for receiving reflected light diffusedly

craek| ecArdopyic¢de PibéE ofraskopNcHPIY LA gRider£0Imas used
optical waveguide filmis used as the light guide,

as afife | i e §&H4E | PAA@NPfthdCads 8SHM 1 ok YENERO r h&@nt

optical fiber is used as one exanple of the 10 |1 ght

inSehEESn, e S§@icaP £196API VIESH SH0Y5e G 4ot the
anount (lI) of ~feedback Iight to the sensor obtail ned
1idie theigptical fiber 41 with respect to a position P

on the scribe Iine along the X
Fig. 6(a) is a graph which shows change in amount (I) of

feedback light to the sensor obtained in the optical fiber 41
with respect to a position P on the scribe line along the X
direction of the glass substrate 50. When a normal scribe
line is formed, while a sensor light amount increases as shown
with Il and I2 in Fig. 6 in the vicinity of a scribe starting
point Pl at which scribing of the glass substrate 50 is
started and in the vicinity of a scribe ending point P2 at the
end of the glass substrate, a sensor light amount I3 between
Il and I2 is almost constant, which checks that the scribe
line has been normally formed. Further, as shown in Fig. 7(a),
when the side edge of the glass substrate is heated rapidly by
the end of the laser spot LS along the line to be scribed, an
uncontrollable crack may be formed in front of the laser spot

LS on the glass substrate. Such an uncontrollable crack is
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direction of the glass substrate 50. When a nor nal
scribe 15 Iine is fornmed, while a sensor |ight anount
increases as shown with I1l and 12 in Fig. 6 in the
vicinity of a scribe starting point P1 at which
scribing of the glass substrate 50 is started and in
the vicinity of a scribe ending point P2 at the end
of the glass substrate, a sensor |ight anount 13
tween 20 11_and 12 i | rost constant, . whi ch checks
caf FEH°ER PLePPRERT et Ok borand PR y LY ecSabng orack
further, as shown in Fiﬁ' 7(ai, when the side_edge of
CR{n@CGrESs Qubighbt ampunhelevet r hpiof ytig Pregedind ofrack
the |aser spot LS along the Iine to be scribed, an
POGRtoRt 1RFFadPesS cr a8 kShewyn ben f Bidredt (B) f r HeresveRe as shown
| aser spot 25 LS on the glass substrate. Such an
inyhednt ¢ of) abveerrackeribe 1Bine| fatlanteriee ctivrmedr ackflected
CR1, and when this preceding crack CRl occurs, a
lightghtis anotinebteieedlland hémcerackighy amaukt bevel ofetected
i ncreases, as shown in Fig. 6(b). Mreover, as shown
byi thé&i gen$ér) iswhenoa sEechedingeyf ait sis opbesivieeto detect
reflected 5 Iight is not obtained, and hence a I|ight
a aspeativevetatetect tide BYiddecHLHIEOfotfed €6®- the glass
Accordingly, it is possible to detect a defective
subsetrer®f the blind crack forned on the glass
substrate. Further, as shown in Fig. 7(b), also when a

bl i ey 61k, 49 Hows i&fﬂ‘ﬁg‘?. a{ﬁgp %1488 H&h 28 b1ind crack

scri bed and the side edge gl ass substrate I n

Bcg{,@c%& 'é‘&_téflé’xfx?t%eﬁ&éi@%”ﬂ?eé‘ '{‘tgedpé‘wtt%déf&‘éié’&ge of
npletion o eat1 ng by the Taser spot

the glass substrate in the wvicinity of the scribing ending
point indicative of completion of heating by the laser spot LS
is rapidly heated by the end of the laser spot LS, an
uncontrollable crack CR2 may be formed on the glass substrate
50 in the opposite direction to the direction in which the
laser spot LS shifts from the side edge of the glass substrate
50. BSuch a crack CR2 is also uncontrollable, and a reflected
light level becomes higher also with the occurrence of this
crack CR2. Therefore, predetermined threshold levels Vrefl
and Vref2 are set above and below the normal reflected light
level. When the reflected light level exceeds the threshold
Vrefl in locations other than the end of the glass substrate
50 or the reflected light level is not more than the threshold

Vref2, the determination unit 43 of the photoelectric sensor

determines the state as defective. When an OK signal is
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is rapidly heated by the end of the laser spot LS, an
uncontrol |l able crack CR2 nay be fornmed on the gl ass
substrate 15 50 in the opposite direction to the
direction in which the |laser spot LS shifts fromthe
side edge of the glass substrate 50. Such a crack CR2
is also uncontrollable, and a reflected 1ight |evel
beconmes hi gher also with the occurrence of this crack
CR2, . Theref or edeterm ned threshold |evels Vrefl ]
oulptradviErs Bhe AEFELBTA o SEuEs ot niRseptotosectric
reflected light level. Wen the reflected |ight level
SCRSPECHS PRe eRrERhe| of Vrerdetectibrmiwwhks ot herar eperation
the end of the glass substrate 50 or the reflected
for fprmieger $STHee hbne (hhindherak &holine et 2the hglass
determ nation unit 43 of the photoelectric sensor 25
subgteahe nz® inecenrbiruewstefperfommedhemannmposednad this,
is 19 outputted fromthe determ nation unit 43 of the
whemodnel@csignal semsontpst bed Exemptlee odetdEmiicdeidén oumit 43
units 40, an operation for formng a scribe line
of (theée ndeteatkoBGihi ted 0 pntlidecopd PEBion Ubst reéembllgi & scribe
conti nuously perfornmed. As opposed to this, 5 when an

1ifNG chUDed cHacktputlege f rom the SEASS ndSs Lt eNss A9
of the detection unit 40, the operation for formng a

dis€shPenuéd NCafd! DR LEACKRE Y I 0EIn OFhide & aSBarm is issued

substrate 50 is discontinued, and sinultaneously wth

to l{hPormNas! %}?@%5@0}: SSHEGochLré AL OT 48 Al POEE AL Y g Pl g

occurrence defect, urging 10 discontinuation®o

A1 SEOREYn @it 108 O aSSpSHYSIE Alike S0 L8 sPO5E6 SE6Pro the

post-step.

As thus described, if the blind crack BC is not favorably
formed on the glass substrate 50 during the scribing process,
an alarm is issued while the scribing process is discontinued.
The operator can thereby recognize that the blind crack BC has
not been normally formed on the glass substrate 50 under
scribing. Hence, the operator removes the glass substrate 50
from the rotation table 26 of the scribing device as a
defective product. With this removal, there is no risk of
supplying the subsequent break step with a defective glass
substrate 50 on which the blind crack BC has not been normally
formed.

It is to be noted that, although the optical fiber 41 and
the light projecting/receiving unit 42 are provided from the

left hand of the blind crack BC for the detection in Fig. 5,
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As thus described, if the blind crack BC is not

favorably fornmed on the glass substrate 50 during the

scribing process, an alarmis issued while the

scri bing process is discontinued. 15 The operator can

t hereby recogni ze that the blind crack BC has not

been normally formed on the gl ass substrate 50 under

scribing. Hence, the operator renoves the gl ass

substrate 500 fromthe rotation table 26 of_the .

tng Pienf VPR PERI eetef riten VEPQroHERE hajd % pflke blind
removal , there is no risk of 20 supplying the

CraghsehtRnthe ek of cbhev Bt icbibtheN et yiard light
substrate 50 on which the blind crack BC has not been

Prodedairg/ reeeheing | RaYE, tand LR athivlatdizgehiehtheelight
optical fiber 41 and the light projecting/receiving

is preleoted ecpr dve deelléced t dep@siing tomamdlde the be formed
blind crack BC for the detection in Fig. 5 20 the

with ghtbhiyd berpeloj echedtiieom the Iigit rmepndiiofe¢tEy enter the
blind crack with the use of the optical fiber 41 and

posightn wyitefectheddlbodiotagk dedd  beerd foxamedahi Dhstead of
direction the light 1is projected can be sel ected

alllepbngli NOglvh o | beeré PLoetdDromRdeie Widwer b Be&. glass
Further, the light may directly enter the position

subberetd o bbhdd gh@ckndRSebesr {18 Boind NStE&ad, of

allowing light to be reflected on the |ower face of

the gl:8ss a sssdd@tén 2 rgﬁ(}%?cneaar? s ﬁ]ﬂgé{t e i fsh wity

crack. Next, a secon 0] e present

be %‘?%%‘?Eﬁ&?g Lé%%éwl ?rg%fcgf)pfgal Affaualy one ot cal, light
projection/reception in the first embodiment, an optical fiber
for light projection and an optical fiber for light reception
may be split from one another, and a light projection unit and
a light reception unit may be split from one another. Fig. 8
is a view which shows a schematic constitution of a
transmissive type detection unit. An optical fiber 71 is a
first optical fiber for light projection. The optical fiber
71 is located in the same position as the optical fiber 41 in
Fig. 5, and a light projection unit 72 is provided on the
distal end of the optical fiber 71. Further, a light
reception unit 73 for receiving light transmitted through the
position of the blind crack, and a second optical fiber 74 for
light reception are provided. Other constitutions are the

same as those described in the foregoing embodiment. With the

light projection unit and the light reception unit split as

21



10

15

20

25

projection/reception in the first enbodi nent, an
optical fiber for |light projection and an optica
fiber for light reception may be split from one
anot her, and a light projection unit and a |ight
reception unit may be split fromone another. Fig. 8
15 is a view which shows a schematic constitution of a
transm ssive type detection unit. An optical fiber 71
i S first optical fiber for |light projection. The
de%ﬁf‘&*‘a@ aheee. ¥4 18 P%%%%%heiFPtW‘g% pRte¢H Ry amount
the optical fiber 41 in Fig. 5 and a |ight o
of plbglakt i Valehi kayobean pkran ekt e t Herouwoki & tpes Ehionfwhere
the optical fiber 71. Further, a light reception unit
the3blbndreteskihgs | bepn formedi tovl ofhridwhprdiected light,
position of the blind crack, and a second optica
sofapeto 7detert whehbber ethpthbindrerprioviialedreddt heormally
constitutions are the sane as those described in the
forme@gor ngoenbolin neimts dilsd, taet2dndmphtanpee®| @méuwn is large
unit and the light reception unit split as 21

whelestlié bielli addoyeack thas HEEShdde formbd eCiny #©tgd ect an
amount of |ight, which has been transmtted through a

tr0shi t Pandbeafouh Peadtdds &€ atk HasoPeesh FpudEd, t198!tb1ind
of the projected light, so as to detect whether the

cr&bk NEa § 1 5&&n NESrREEN NBEFBSYYL D iPréﬁﬁbfmaiE%¥léébﬁﬁgsin

case, a transmttance anount is |large when the blind

FofhACXoNaSE NPt s EEBTe T PLABat 2Rk LhiBa 51?1215%{": gﬁ]i Csubstrate

anount decreases In a porti on where t crac

50 85 S o SR A oo FHOPAEARR L 4E ShD ik o
shg#gsiﬁ fbs. 7(a) and 7(b), a light diffuse reflection level
is high in the location where an uncontrollable crack has
occurred, and a light receiving level obtained as transmitted
light is significantly lowered. Therefore, setting of
thresholds above and below the normal transmitted light level
enables individual recognition of a normal state where a blind
crack (vertical crack) has been formed and the above-mentioned
abnormal state.

Next, a third embodiment of the present invention will be
described. As shown in Fig. 9, the supporting table 31
provided with the detection unit may be arranged under the
table together with the laser oscillator and the cooling
nozzle, and a blind crack may be formed from underneath. Even

in this case, the detection unit is small enough to be readily

arranged on the downside, and implementation of the first
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10 50 due to occurrence of a precedi ng phenonenon or
the like as shown in Figs. 7(a) and 7(b), a |ight

di ffuse reflection level is high in the |location
where an uncontrol |l abl e crack has occurred, and a
l'ight receiving | evel obtained as transmtted |[|ight

is significantly | owered. Therefore, setting of 15
t hreshol ds above and bel ow the normal transnmitted
light level e ablgs i ndj vi dual. recognitiaon of a
embdient Srom Fie ormiaR Ofrthi SYATT | LIS TratR)Shaanables
been fornmed and the above-nentioned abnormal state.
defggtion 2§ te Erdbetetite pLind gradeRC ikaeheem ageyrately
be 20 described. As shown in Fig. 9, the supporting
foxmed efpam Phredemrisive of hdhelcdlass skgiratmybbe Further,
arranged under the table together with the |aser
as osleowh atwr thedsedend czmbhodimentzz | Bhe ahitght hrogectaok unit
may be formed from underneath. Even in this case, the
andletketl bghtnréecest boml tnEnoefhthe detecabn yu2bt may be
arranged on the downside, and inplenentation of the
split sfrom2omerbadotiest. f rom t he downsi de of the gl ass
substrate 50 enables detection as to whether the

bl i nek£t Ackn PR SeRap acstiraie! detd 1830 M 4d8yill be

downsi de of the glass substrate 50. Further, as shown

deddrited SecoNseePot el q . 11, | {htadF &b ad A9 40 Snay be

and the light reception unit of the detection unit may
= B Rhulal SR AROED (Mot IR S 4 s wsea
A Eéﬂarfgedt@gaﬂeéﬁﬂ.{@@r u@i tis4oaf@(¥n§)éed on a light projection
axis of the detection unit 40 through a lens 62 and a
polarized filter 63. The polarized filter 63 selects only
light in a predetermined polarized direction as irradiated
light, and the polarized beam splitter 64 transmits the laser
light as it is in the polarized direction selected by the
polarized filter 63, to allow reflection of the laser light in
the vertical direction to the selected laser light. The
foregoing optical fiber 41 is provided on the light projection
end of the polarized beam splitter 64. Further, since the
reflected light obtained from the optical fiber 41 is
polarized in random directions, part of the reflected light is
split with the polarized beam splitter 64. It is constituted
that the light split by the polarized beam splitter 64 enters

a photodiode 67 as a light reception element through a mirror

65 and a lens 66. Further, a signal obtained in the
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a unit having a light source as which a | aser diode 61

is used. 10 A polarized beamsplitter 64 is arranged

on a light projection axis of the detection unit 40

through a lens 62 and a pol arized filter 63. The

pol arized filter 63 selects only light in a

predeterm ned pol arized direction as irradiated

light, and the polarized beamsplitter 64 transmts

the.l aser in the polarized direction
prgEFatdds’ o] %ﬁegr"w%r?ée‘alwl%r D15 5 Fo be given to

éeflectlon of the | aser n the vertical

[
PTetriRat %%“t%%lge(%%?bd ?aseﬁh?|§ﬁﬁerm?ﬁﬁt¥%ﬂe@%}ﬁgsg is
optical fiber 41 is provided on the |ight projection
GO%ElBIFt%ﬂebqéo}laﬂlz%rl%e%nwb@wtfé?mmramﬁt herd &jgeed or
the 20 reflected |ight obtained fromthe optical fiber
bad 1deterpbnatiordis madedeom @i cerdivhen ehrthefblied crack
reflected light is split with the polarized beam
forxpatiomrbgsged| onighetinat i the eamplhiied helidgnaghtispbn tthe
by the polarized beamsplitter 64 enters a photodi ode
le®dl asetwéémhthe etiepé slool @ evipat 1 tAMdUghe £2 NFHIEH aZd set in
65 and a lens 66. Further, a signal obtained in the 23

theheindbwdeofigarstanp! i féed, Wihd Phsarpdiddere 68 £19e bEens 62,
given to a determnation unit (DET) 69. The

thelepSTMNAEA OPLUPeE 69 4%d €ROSHoL1ALLLDYbdAlf! 45 PEt&r 64
mnndOMIconparator and a good or bad determ nation is

conBREr @fe 3 C ?fl% a?l%% dﬂg félacrkal?lﬁ fﬁ%ﬁf’nent?r the

based on whet |gna IS O

opPELYEeR o df&‘feﬁ'i‘é"géreé’&?” ROfe Wbl HYLELL 85 2t

t he w ndow conpar a
spif@té§n§4§2the mirror 65, the lens 66 and the photodiode 67

constitute a light reception unit for receiving reflected
light through the optical fiber.

Fig. 1l is a schematic diagrammatic view of an automated
line 100 for breaking a single panel glass substrate, which
shows one example of an automated line for breaking the glass
substrate 50 having a breaking device incorporated therein,
following the scribing device.

The automated glass substrate breaking line 100
comprises: a cassette loader 101 equipped with a cassette
housing the glass substrate 50; a conveyor 102 for mounting
the glass substrate 50 having been pulled out of the cassette
loader 101 and then positioning the mounted glass substrate
50; a scribing device 103 of the present invention for

scribing the glass substrate 50; a conveyor 104 for mounting
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the polarized filter 63 and the pol arized beam
splitter 64 constitute a |ight projection unit for
making |ight enter the 10 optical fiber for the
sensor, while the polarized beam splitter 64, the
mrror 65, the lens 66 and the photodi ode 67
constitute a |light reception unit for receiving
reflected I|ight through the optical fiber. Fig. 11 is
hematic, di agra tic,view aof an aut ted . 15 line .
anf B Bar EEkPRERG DR LAnRro B IR te (Tl art ayiShuf croribe
.shows one exanple_of an automated |ine for breaking
LigR o J88en cEBENFAL o2 SOraaking dethemld 0y WbhPR cls
incorporated therein, follow ng the scribing device.
conpbl byt edaPEda g akle sébsided clnte hahes | #rd 10 winich at
conprises. a cassette | oader 101 equi pped with a
leagtsere eof hblysi dvided gtables ubstretat bon - shibwedydewnwardly
102 for nmounting the glass substrate 50 havi ng been
topbe¢r@dtivet gbhss heuksbsate e50 | pades HOIlboeak ttlem glass
positioning the nounted gl ass substrate 50; a
substrbtegstexicreg 1t3e ofct hise pl Fsentandvendischdoge 2bonveyor
scribing the glass substrate 50; a conveyor 104 for

106086t AiscR4rgnedgt ke peskenoylegs MBSt s Wt (BéLeinafter,
50 on which a scribe |ine has been forned; a breaking

eadleVo£etddSg1his Nsubst6RPS thisited Ditd 4 aplerdi vigess
into halves and in which at |east one of the divided

sub@Pr&bed Sikob@tiPRaGNE bt 8 Soytwes dbyp SriLrdesdiz§ Neo the

gl ass substrate 50 so as to break the glass substrate

ouPi @ 098 the SCELRELLd N§iaddlsGodt ST PE SLINEYPine 100.

Further, in various locations of the automated glass substrate
breaking line 100, a material supply robot Rl and conveyor
robots R2Z to R5 are respectively provided for supplying the
glass substrates under respective states.

Subsegquently, the operation of the automated glass
substrate breaking line 100 will be described. The glass
substrate 50 housed in a cassette of the cassette loader 101
is taken out with the material supply robot R1l, and the taken
out glass substrate 50 is positioned on the conveyor 102.
Thereafter, the glass substrate 50 is held with the conveyor
robot R2 to be conveyed into the scribing device 103.

The conveyed dglass substrate 50 is mounted on a table in
the scribing device 103. As described above, a blind crack BC
along a previously designed line is formed on the glass

substrate 50 in the scribing device 103. When a predetermined
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106 for discharging the broken gl ass substrate 50
(hereinafter, each of the glass substrate broken into
a plurality of substrates is referred to as a gl ass
substrate 50B) to the 10 outside of the automated

gl ass substrate breaking |ine 100. Further, in
various | ocations of the automated gl ass substrate
breaking Iine 100, a material supply robot Rl and

b t R5 ectivel rovi ded
bLYRg %?) g’???fé" ST bE Tortad aniciHe %&%ﬁ%@f the

states. 15 Subsequently, the operation of the

9lags FHPSErYFasy0 thpkhe a’i‘ér%ﬁ%bg(ﬁ?&;‘”rcﬁelq?ao 3% NG ppignal is
descri bed. The glass substrate 50 housed in a

oukRatked efBeM t Hee cdabeetion gy 401 and whidertlvie NG tsignal,
the material supply robot R, and the taken out gl ass

the uererat 0B 00f sthw sl Priny olevire iy elrdifont2lnued while
Thereafter, the glass substrate 50 is held with the

an cabdayors iododd RRort allfooing yecburtenddieof cabirmality.
devi ce 103. The conveyed gl ass substrate 50 is nounted
on &rm athe dthert Nearsdy iwhary daviaal dihclABOlescridifskrably
above, a blind crack BC along a previously designed

forme® ¢ 196 NBErOdcd hef gtins sglds s uhsddet£t 050 Nist hene
scri bing device 103. Wien a predetermned 25 blind

scfiRkg Bled Scd0f 0 avei@bd Vad®' SRk Ofa tdes g Ui d m&fwim the
gl ass substrate 50 in the scribing device 103, an

coﬂr@f}@f h#ébo@“ﬁ?“&ﬂc?%éﬁrﬁf@& hén dﬁ{@%@%%} ty @, and

s NG si gna operation o scribing

devidfife Wihds Ansconliousd dlld Gl & Ao Uk 15

for I'n M ng occurrence o nor na
positioned on the front side of the conveyor 104, and the

conveyor robot R4 conveys the glass substrate 50 into the
breaking device 105 such that the blind c¢rack BC on the glass
substrate 50 is positioned in the middle between the divided
tables. 1In the breaking device 105, the glass substrate 50 on
which the blind crack has been formed is broken along the
blind crack. A plurality of glass substrates 50B obtained by
breaking of the glass substrate 50 in the breaking device 105
are mounted on the discharge conveyor 106 with the conveyor
robot R5,.

It is to be noted that, as another line constitution, an
apparatus constitution can be employed where the glass
substrate 50 having nc predetermined blind crack BC is
automatically discharged from the line 100 when an NG signal

generates from the detection unit 40. This makes a totally
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formed on the surface of the glass substrate 50 in the

scribing device 103, the glass substrate 50 is held

with the conveyor robot R3 and nounted on the

conveyor 104. 10 The gl ass substrate 50 nounted on the

conveyor 104 is positioned on the front side of the

conveyor 104, and the conveyor robot R4 conveys the

Ias§ ubstrate 50 int he breaki ng device 105 such

auﬁb@ﬁ ?§e°¥ﬁ¥% %?é%??%éb " the gl ass substrate 50 is
positioned jn the mddle between the divided 15
{abl 1. chenid P ket (b Henah b dRscriptions were

. Substrate 50 on which the blind crack has been forned
IIVRD piSkRs HrRrFlase ST HeREd 2%, the ki le ynakeriaks
substrates 50B obtai ned by breaking of the glass
subgpsa e 5the renbed hreniks ngthe bekt 105 materwlurswhstrate
on the discharge conveyor 106 with the conveyor 20
in¢bbdes R5other | tham Hee noirgle panehsgkamt hmibd trete, a
constitution, an apparatus constitution can be
seehpbnduectohevaf ¢he gl Fasinstbdtsutbetdcdao Ngee as a
predetermned blind crack BCis automatically

lighsd hargethl rpmaéheand ne déthmhens@s tNasd gnatherittle
generates fromthe detection unit 40. This nakes a

mat@t Bl YsuRt fait & Bl LthePes fd i e s Shdkfer | 1i G| drperal
noted that, although the descriptions were given

panSl NGub Her & 58s SHSt I b fndfed NEud¥tddiS, RIS Y p1asma
substrate in the enbodinents, the brittle materia

DiSHPS) 'Pdfel), LCOS, and a projector substrate, and the

present invention is applicable to the processes of those

various brittle material substrates. Further, although the

descriptions were given using the optical fiber as the light

guide, this is not limitation, and an optical waveguide film

and the like can be used as the light guide.

Industrial Applicability

In the present invention, since a blind crack is
optically detected, the size of the detection unit can be
reduced to readily determine whether the blind crack has been
normally formed or not. The scribing device and the scribing
method according to the present invention can be employed in
the case where a brittle material substrate such as a glass
substrate to be used for a flat panel display (hereinafter,

refereed to as FPD) or the semiconductor wafer is scribed.
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5 includes, other than the single panel glass
substrate, a sem conductor wafer, a | am nated
substrate to serve as a liquid crystal panel and a
ceram c substrate. The brittle material substrate
further includes a nother liquid crystal pane
substrate as the | am nated substrate, a PDP (Plasma 10
Di splay Panel), LCOS, and a projector substrate, and
.1he resent.invention is_applicable to the ocesses
wibd thE EE 010G G057 80 e O SR hatedd "S55 T to an
Furt her, although_the descriptions were given using
autgpated kapakiner liRe hbt | igreosgihte, te eenyey neply a
limtation, and an optical waveguide film 15 and the
britite capteeigtesubstraee | j ohtvigichiea blirdserack (vertical
Applicability In the present invention, since a blind
craglatklige Opecithe|yinel dsrsdieemencimally fémmed, to the
detection unit can be 20 reduced to readily determ ne
5 subseqhenrt tbeedki siteprfok boesakiepn. nornal ly forned or
not. The scribing device and the scribing nethod
according to the present invention can be enployed in
the case where a brittle material substrate such as a
gl ass substrate to be used for a flat panel display
(hereinafter, 25 refereed to as FPD) or the
sem conductor wafer is scribed. 27 Wth the scribing
devi ce and the scribing nethod applied to an
automated breaking line, it is possible to convey only
a brittle material substrate, on which a blind crack
(vertical «crack) line (scribe |ine) has been nornmally
forned, to the
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5 subsequent break step for breaking. 28 CLAIMS 1. A
scribing device for a brittle material substrate,
whi ch continuously heats a region along a line to be
scribed on a surface of the brittle materi al
Ssubstrate at a 5 tenperature |ower than a softening
point of the brittle mterial substrate and, also,
continuously cools a region in the vicinity of the
heat ed regi on, thereby for ggy% blind crack al ong
said line to be scribed, ri bing device
char cte i zed copprj sin 10 .a Jight guide which is
arra S 5%b¥ Yﬁﬁﬁué@Wliﬁﬁrlqéﬁ tehiRt bstrate,
gglon of t he bllnd crack formation in the vicinity
Whipehl | GRnEHREQES B GReAt DR t FRILOR fatenora shine pko the escrlbed
material substrate; a |light projection unit which
°ne%1$%rf¢§ﬁt°¥h¥%@ghr%%¢%ﬁ mEterimt gbslerate |[agha
reception unit which receives, through said |ight
tempexeturdeldoveht thami ta %bftem:i.lsgli poinghef prheg detibile
unit through said |light guide and reflected by the
matéridl csuloktrabel andetatsoe hatowninudislhiodols a region in
di stinguishes a light 20 receiving |evel obtained by
thesavicintty o£ceps i lovated tre@iod hetiseréety NEpevig ea f®Iind
a brittle material substrate according to claiml,
cradiar &Uded | €£0d | Diddato e dsdi Ohdd U] sSraLOPtdERice

fiber.
characterized by comprising:

a light guide which is arranged so as to propagate light
to and from the region of the blind crack formation in the
vicinity of the cooled region on the surface of said brittle
material substrate:

a light projection unit which emits light through said
light guide;

a light reception unit which receives, through said light
guide, the light emitted from said light projection unit
through said light guide and reflected by the blind crack; and

a determination unit which distinguishes a light

receiving level obtained by said light reception unit.
2. The scribing device for a brittle material substrate

according to claim 1, characterized in that said light guide

is an optical fiber.
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25 29 3. The scribing device for a brittle materi al
substrate according to claim1, characterized in that
said light guide of said light projection unit is
arranged such that the emtted light is reflected on
a lower face of said brittle 5 material substrate once
and, then, enters the blind crack. 4. The scribing
device for a brittle material substrate according to
claim 1, characterized ipn that said determ nation
ni ¢ sot TP AP EEHEHIE GBBLES aheF bRl O BF I Rer o bl substrate
r ef ecteﬁ 10_light anpunt |evel and determnes a. )
ACCBRAFRE 0RO oF1a1B|  ndCRAERR e FH7RRL BNt RAG et b Whghheguide
the reflected |ight amount deviates fromthe
of fpidnbighbr PRBESCELiON YRt bimgaEEInged fouch Bhattthe
material substrate, 15 which continuously heats a
emithednligbhgla refeecbedeoncai beder oface sof f saddoprihble
brittle material substrate at a tenperature | ower than
magesblenibgtpatatontet ardbrthene embers i the sbthind atrack.
and, also, continuously cools a region in the
vicinity of the heated region, thereby formng a blind
20 crack along said line to be scribed, said scribing

devite TharsetEsiagdidyicoOnpst Sa ek ifi1s tmasr S8L 0febstrate
I i ght guides which are arranged so as to respectively

acPboRagat eol tVAimt 0, adatsOfRENLed €0h OPNAE L4fa BbidEmination
crack formation in the vicinity of the cooled region

un£f 26t hensesheres Ohb&ve dahd i i1 6w "Rt SFd &by SNOS F&E Foctea

light amount level and determines a condition of a blind crack

formation based on whether the reflected light amount deviates

from the threshold or not.

5. A scribing device for a brittle material substrate,
which continuously heats a region along a line to be scribed
on a surface of the brittle material substrate at a
temperature lower than a softening point of the brittle
material substrate and, also, continuously cools a region in
the vicinity of the heated region, thereby forming a blind
crack along said line to be scribed, said scribing device
characterized by comprising:

first and second light guides which are arranged so as to
respectively propagate light to and from the region of the
blind crack formation in the vicinity of the coocled region on

the surface of said brittle material substrate:
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30 a light projection unit which emts |ight through
said first light guide; a light reception unit which
receives, through said second |ight guide, the Iight
emtted fromsaid light 5 projection unit through said
first light guide and transmtted through the blind
crack; and a determ nation unit which distinguishes a
light receiving | evel obtained by said |ight
receptjon unit..10 6. The, scr.i bi.ng devi ce, for .
br i (41 5 ST SRR (UL A S o fapough said
. char cteéized in that said Iight guide 1is an optical
£ixshetioBt G9%%ribing device for a brittle material
substrate 15 according to claimb5, characterized in
t hat? st9Pt i TRRCRA e Ut SdHirh ixpreles ecihraiighigaid
is arranged such that the emtted light is reflected
seepnd 1bglet 9aibde ofthe Hidght temict teditfrdml saibstighte
once and, then, enters the blind crack. 20 8. The
preiedchiony welt cehforgln $axid tfersmtkiglat guibdd rari® transmitted
according to claim5, characterized in that said
thomigh niatbhbind wwrdclsetand hr eshol ds above and bel ow a
prescribed reflected 1ight anmount |evel and
det ed ndetasenai otk i o fwhal di | diics eimaaki sHel matight
state based on whether the reflected |ight anount 25
re@IN B @S1EFOM dBEa it e WP $hd N¥ht et Fors Qi Lt NY

method for a brittle material substrate,
6. The scribing device for a brittle material substrate

according to claim 5, characterized in that said light guide

is an optical fiber.

7. The scribing device for a brittle material substrate
according to claim 5, characterized in that said light guide
of said 1light projection unit is arranged such that the
emitted light is reflected on a lower face of said brittle

material substrate once and, then, enters the blind crack.

8. The scribing device for a brittle material substrate
according to claim 5, characterized in that said determination
unit sets thresholds above and below a prescribed reflected
light amount level and determines a condition of a blind crack
formation state based on whether the reflected light amount

deviates from the threshold or not.
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in which a region along a line to be scribed on a
surface of a brittle material substrate is

conti nuously heated at a 5 tenperature |ower than a
softening point of the brittle mnaterial substrate
and, also, aregionin the vicinity of the heated
region is continuously cooled, so that a blind crack
is fornmed along said Iine to be scribed, said
scribing method characterized by: 10 emitting |ight
through a light guide toward the region of the blind
crack formation in the vicinity of the cool ed region

on the Sur§SEEPHII MR KA & RIS L mafastiah e‘J‘UbStrate.

receiving reflected light, obtained fromthe blind
in yhigh a(Fe@ieh akeRd |2 ghingkaide FRFuEGQY ot sHgEace of a
scri bing while checking a condition of the blind
briihbk naiepiabrewestrrion ks |¢ohtineess ly mpded|at 10.
The scribing nethod for a brittle material substrate
tempevating loverl atlna®, a cheaf bexiing Zeolinn dfhatherbopt € el
fiber 20 is used for said |light guide. 11. The
materidl nguvetiwte fatd 2 dXsé | |£ redon ain sthstyibéEnity of the
according to claim9, characterized in that upon

he®téd trégion | PHtcodit Dumgbud e do@hdd JuislerHomed b Bad crack is
blind crack 25 formation region, the emtted light is

forfdéd e£1 @y Osa2d | WS t32hd as@r Medaighid | ééffogﬁqﬁé@kod

substrate once and, then, enters the blind cr
chdr&&FéP1 23 Ny hod for a brittle material substrat e,

emitting light through a light guide toward the region of
the blind crack formation in the vicinity of the cooled region
on the surface of said brittle material substrate;

receiving reflected light, obtained from the blind crack,
through said light guide; and

performing scribing while checking a condition of the

blind crack formation based on a light receiving level.

10. The scribing method for a brittle material substrate
according to claim 9, characterized in that an optical fiber

is used for said light guide.

11. The scribing method for a brittle material substrate
according to claim 9, characterized in that upon emitting
light through the light guide toward said blind crack

formation region, the emitted light is reflected on a lower
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5in which a region along a line to be scribed on a
surface of a brittle material substrate is

conti nuously heated at a tenperature |ower than a
softening point of the brittle mnaterial substrate
and, also, aregionin the vicinity of the heated
region is continuously cooled, so that a blind crack
is 10 forned along said Iine to be scribed, said

scribing, met hod . characterjzed by: emtting |I]ght
£adh Sh AT PFEE E1F G CGh b TREL AP the G s fhehe enters
blind crack formation in the vicinity of the cooled
the 1A o7T2%k: surface of said brittle material 15
substrate; receiving light, transmtted through the
blind crack, through a second |ight guide; and
perform ng scribing while checking a condition of the

bl i nk2 cr & ks¢oing ove b Eon a Biifitle aeatienirl substrate,
| evel. 20 13. The scribing nethod for a brittle

in el ech o sedpion atbongcz ol hegte el s¢mideé] on a surface of a
characterized in that an optical fiber is used for

briétle Inghérial deub2brdde ddecactibingshethedtddrat a
brittle material substrate 33 according to claim12,

tefiper&LLLS | Z&fet Nthaata UpSt&iidd i p@lint | ghttidrecgbc1de

l'i ght guide toward said blind crack formation region,
matdei £ sheghtaedtans, £I4SCt LA &l | DYBFhe fRC@IOIty of the

said brittle material substrate once and, then, enters

heated region is continuously cooled, sc¢ that a blind crack is
formed along said line to be scribed, said scribing method
characterized by:

emitting light through a first light guide toward the
region of the blind crack formation in the vicinity of the
cooled region on the surface of said brittle material
substrate;

receiving light, transmitted through the blind crack,
through a second iight guide; and

performing scribing while checking a condition of the

blind crack formation based on a light receiving level.

13. The scribing method for a brittle material substrate
according to claim 12, characterized in that an optical fiber

is used for said light guide.

14, The scribing method for a brittle material substrate
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5 the blind crack. 15. An automated breaking line for
a brittle material substrate, characterized by
conprising: at |least one scribing device for a
brittle material substrate according to claim1; 10
and at | east one device for breaking the brittle
material substrate. 16. An automated breaking line
for a brittle material substrate, characterized by

conpri si : at.least ane scribjn 15 device for a. . ..
acfPFRiHg' i eftun “Toh araStettidh 47 1 ot erdifiring
' [ brittl teri al
11@1}55;%‘%%%&? ggﬁlg Vi £&nt ChuPiS A ng 4 e LI LTI gy et e @
formation region, the emitted light is reflected on a lower

face of said brittle material substrate once and, then, enters

the blind crack.

15. An automated breaking line for a brittle material
substrate, characterized by comprising: at least one scribing
device for a brittle material substrate according to claim 1;
and at least one device for breaking the brittle material

substrate.

l6. An automated breaking line for a brittle material
substrate, characterized by comprising: at least one scribing
device for a brittle material substrate according to claim 5;
and at least one device for breaking the brittle material

substrate.
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