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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 line . on a brittle material such
as a glass substrate to be used for a 10 flat pane

di splay (hereinafter, rred tqQq as FPD) or a
sem conduct or wafer, a§§ﬁ§%§§9WQ¥N%S to an aut onat ed

breaking |ine using the device and the nethod.
Background Art 15 An FPD forned of a pair of glass
substrates bonded to one another r oduced

SCRAAINE Py VBGRIAHG. RGO GET PRA 5t HBTERgPhs SEPSTRATE, AND
then breaking the glasses into a predeterm ned size.
AUT@W@EEPthﬁéﬁ%§§ fotler gl asses are broken, in a scribe
step having a scribing device, scribe lines are
previously 20 formed with a cutter on the respective
not her gl asses, and the nother glasses with the
Techeoriicbé [Fiigeésl forned thereon are conveyed to a break
step where vertical cracks imrediately under the
scrithe biresnar énpenetibat edliaheeken) ai Bcaibinegkaessice and a
direction of the mother glasses. Mre specifically,
scribengt eptAbdolvhbepakireg udcidipen FURelihat & issribe line on a

constituted of the scribe 1 step and the break step
bripeoyi dedeafiber shbe s6r ab@18:@P 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 previoﬁsly
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 gl ass substrate by the use of a | aser beam as
shown in Fig. 1, a glass substrate 111 is irradiated

tvvithd?_ Iasg; beam froma |l.aser oscillation device

Step ZRorfdY fr& b hfPe TR GrhttSe Hhgs SCT0LRS 19%R on
device 112 forns an elliptical |aser spot LS on the
gl add FECEMsYFAEE 171 ™EItoRG £1 s %o Apd 2@ hegn Tee
gl ass substrate 111 and the |aser beamemtted from

forfipd IoRs & Gs Siqnike drneddisc €ore? larte malasttiivally use in the
shifted along a longitudinal direction of the |aser

SCrgfst stpredvedisglossld Ag wedianmses felieas dool i3g7768. In
water, is 15 sprayed froma cooling nozzle 113 in the

a mgtdiogi thprofforméng asecridemliineadinatd gl asegisasiirasce by the
surface of the glass substrate 111, so as to forma

usesexfi e laisee. b@ant, he sswhcace ief Filghe 1gl asglsuhstaaisd rate 111
111 irradiated with the | aser beam conpression

is dtrresid agedewdtds adlaskes heaim FEday & he deasersdigaama®n
and, thereafter, tensile stress generates due to the

deviprayilng ghet haseeobiengh MRditddd Hemehtore ) sidiceddi@1ation
tensile stress generates in the region in the

devdicel Niby refrmsh@nr @iaRtWhene 1.6 1% 3 833 RASss
generated, a stress gradient occurs between the two
LegiL,0Rns c RO St G :t.he respectl tre S,

subk@@:@as 186c@ndhRg 5t 9 jhRe iy %@ %Efﬂ%%%.cﬁzgkﬁggéﬁﬂ} bstrate

for generating a blind crack (vertic
11185080 ¢ h2 laser beam emitted from the laser oscillation
device 112 are relatively shifted along a longitudinal
direction of the laser spot.

Moreover, a cocling 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 ill, a blind crack
(vertical crack) 1is formed 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

endj 9fcihredlashl srlsératk BEl, ARt A indechRickd (Fegékcal crack)
(vertical crack) BC as the scribe line is fornmed on

is themghaszonubstparetlitrigheryl adongubser dttee 10 belscribed
is conveyed to the subsequent break step, where a

on tbecglassappbsédatrt d1fthe gl ass substrate such that a
bendi ng nonent acts in a wdth direction of the blind
cracknB€, the akkowcthecrweikti cakmeriack thepenetrmateoifnthe
the thickness direction of the glass substrate, and

glakBesgbassasubstinabe th: uset ber eby beekenbeld ahO®@e manner
the blind crack BC as the scribe line. There are sone

as 6asesinbaranavhl i Ad ghackeBenis thok nBemERLkY iheimdle to
with the above-descri bed scri bi ng devi ce when

thecsaa%al ane, Ak BeNRL2BRPHAPELANBLY oS8 4 nkhe raendisd ons
including heating by irradiation energy per unit area

of §f£é§eERQeﬁﬂhnaoc988k'Q9e9¥1€ goalLng, ”%@'ggltﬁ%ds%rlbe

relative shifting spee the aser beam an

llng|§§sfggggé %&Sﬁh%fﬁﬁgggg%ﬁgﬁtrg% Fﬁﬁﬁtetgg @Hﬁ%@ sﬁ%strate

crac een nornma
11sZYEPR0 LRt e SUBSROUEIL ek, Sep, i G388 o rorce 5o
app$@8ﬁ agﬁégggeiﬁ gﬁéosg g% %t%fshgg %L%%Sas%%%%a%bemoment
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 giass substrate 111 is thereby broken
along the blind crack BC as the scribe line.

There are some cases where a blind crack BC is hot
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 |loss 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

bregr S&RPRIy ther #é@ Sén SURE LFP&Ss C3UBSIr Be USe fe a component
scrlblng devi ce. However, since the blind crack BCto

of ga FPErmEESHATERE dnadeossubdt espacig criln@fdiciency as well
normal Iy cannot be 10 visually inspected nor directly

as gesemiedaneth paodtbtdamecd fickiency, othdbhe FERD.bedmwrgher,
problemin that normal formation of a blind crack

the( vientigealb fctaek y1BEsc anbet: rb¢ er gadihity calveek ednagie tolfe a
scribing device. Further, since there is a possibility

devtibat farl azenkiegma 35 aem tubdthhom dtsader. may aff ect
the eye, it is problematic in ternms of the safety to
visual by eheekrbhe Hesimbtboe eb theckblthad ehacklumderrack
irradiation of the |aser beam during scribing. The

BC BE@SBBEkn Bverkiian ysebrasd be abeve rmnt ismad preblientne
20 and ains to provide a device and a nethod for

scr&%&h@'Bgv%cebr'hbb%v@%te%hﬁbes%ﬁ%t%QH%d\Mﬁa%ﬁ:%kﬁto be
capabl e of certainly checking a formation state of a

forﬁbhn@nc%ﬂ%k Hgsgeshgrgﬁgt%nlg i%&%@ﬁe;&g ﬁ%ﬂﬂéﬂﬂ& &annot be

mat eri al substrate suc ass substrate t

v1sﬁ§ﬁ&§'gh¥pgc%%ﬁ e %rkg%kﬁy”%g r%%m?%ﬂﬁyr%t%dﬂqcamera

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
PropisR anselteringd boeakion tHashMstifde thgt gleivdice and the

substrate and, also, 10 continuously cools a region in

methipel.vicinity of the heated region, thereby formng a

blind 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
DisgAdsufreomft Havieedgiiom of the blind crack formation in

“the vicinity 15 of the cooled region on the surface of

t heThei breeecmat ehivaht isubprbati elesa al isghti ihe) eetviiee for a

unit which emts light through the light guide; a
brikicglt mheeentalorubiitt-atei, Chhieee oS i nuidisQudhdaht® a region

light guide, the light emtted fromthe |ight

aloPgohegtiinen tnivke thraual the ol iahtrad de and 1efilegted
by the 20 blind crack; and a determ nation unit which

mat@kﬁ%ﬁn%ﬂb%ﬁ%%t% aE'%hEeh%%%b%b&% heNglr Q%%%!%@%dﬁkéﬁY%g

I'i ght reception unit. The present invention al so

p01BEO$Ed%ﬁ a%rﬁ%&ﬁ%aﬁﬁgeg %ﬁk%%%st&5g% %Qf QEfttle

terial substrate, characteri ze fprisid at
conk%%%ou%ﬁ% %%%Hsaad%%b%%ﬁfg% %%@ @fginléyw&élfie 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 wvicinity
of the cooled region on the surface of the brittle material

substrate; a light projection unit which emits light through

~the 1light guide; a light reception unit which receives,

through the light guide, the light emitted from the light
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 aliso 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
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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

S r than .a _softenin point of the brittle materi al
brigfie e

FRETARd, SHPSEXa Eont i nuously cool's a region in
the vicinity of the heated_ region, thereby formng a.
bl i ABSCPEER Rt oRg VEREIPINELES BEOVdEESShed SCEReing device for
scri bi ng device characterized by conprising: 10 first
a bapgtdecBRderiight syisdes tehi vhishe cantingessdy asate a
respectively propagate light to and fromthe regi on of
regiRe agiongd aclask fter et isemibrdt be v ciwifeygeofoft die brittle
cool ed region on the surface of the brittle nmateri al
mategbeilr sudstaaltieght aprempetracmreniliowshi chaenat sdfitginting
through the first light 15 guide; a light reception
poiopfni piwlthehbréceilee satelmialgluble rasec and, | iaghto,gui de,
the light emtted fromthe light projection unit
conthnoogklyheobilsst Ireghbngunde handriliansri tifed het Micau@
the blind crack; and a determ nation unit which
regtbsl i nEeirehes rarhight ar ecend Realc@vell ekt ahred iky the be
light 20 reception unit. The present invention al so
scrlbevi, descarcaybongt edvbreakhngachine kel ¥ Roktrli®ing:
mat eri al substrate, characterized by conprising: at

firk@aghdoBecoheh 13 gfeVHEe akar wBthPiRe a Wt s0 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 obtainéd_by the light

. reception unit.

The present invention alsc 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 nmethod 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
bri Theepmatentalinsehstpat elandpralvsdesaar egrabing mehéod for
vicinity of the heated region is continuously cool ed,
a bsadtttlkamagehlinndscobatkaics,f dhmetliahonag relye ohi BA chg ke line
scribed, the scribing nethod characterized by
to enpkirsbed: ocamat buR@akieghtt af Brow@h canhit@ht aguistd®strate is
toward the region of the blind crack 10 formation in
contRBUWLGIR hEa@bdt Be 600kadcrager aBwkhe tsuhf aceoPkning
the brittle material substrate; receiving reflected

poihitdBt, thebhalpedf ramLihe 10,Rd +tThaeK anilr QUER the region in
i ght guide; and performng scribing while checking a

theC9E@EBE%§ gl the Bkindy %%%Q%an%n%Bh%Hn%%%%g Rodled, so
light rece 1 h

_ i ving !eve e present inventi n_also
thall V%)‘igfﬁdact%%rclkb'igg FIRERAA h ALy @pRrGLLe (IBLer Al i1y, the
substrate, in which aregion along aline to0 be
.1 _bed f f. brittl t eri al t.rate.
sex3Bihgo e Aol S - Reteld -2e kY seferare’) st tondh Tdont
f [ int of the brittl teri bstr at
ens3RghoR 39onBblurdn tohos0 the veBRAT § tof TEnD aa Saack
ion i;s continuously caooled, so. that a blind crack

re _
forW§%FBPné8 sPEngithBitynett e COCLPRededting Cdctins pyirface

met hod characterized by conprising: emtting |ight _
of the brittle material substrate; receiving reflected light,

obtained from the blind crack, through the light guide; and
perfbrming 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 subsirate 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 scribéd, the
scribing method characterized by comprising: emitting light
th:ough 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 formation based on a |ight receiving
trahemétted5tBroefthDeber bptindncobcky, anhmgsgki g. sécposdalight
di agrammati c view which explains a nethod for formng
guidegcahbepkirfiermihlh sheibsegofvhalkaskecheam aFicgndatisn of
a schematic constitutional view of a scribing device
thef Bliadberktkerophatiah BHBsHr aheaaceghdi Rgckovangllevel.
enbodi nent of the present invention. Fig. 3 is a
perspective view which diagrammatically shows a
| aser-beamirradi ati on position on a glass substrate

Brlggrb@gcrggggghlg@ ggaglggglbe line with the use of the
scri bing device according to the enbodi nent of the

pregegt hnygn% Qﬂa %agﬁgglc vhéw Rk an ¥k§?’%ﬁ%cg method for

dlagrannatlca yS|ca state ange on

forhgﬁg?F rﬁﬂgsﬁﬂﬁéew%Eh hgthée o%'g &$F%W'W%bﬁh shows

projec roma

flb opti ¢ sensoy %o the % sub trate a%cord|ngb.
o The- efbdii frent ERaERe 5?8% RN GHRL SAeR28 TR SR 1Ping
, h of wh h t
dGV&HSMEPSL?pFE&Egisd%at€ﬁ5% sﬁ@gW%F%tgﬂggﬁégdgggﬁQSna%he

| ass substrate obt ai ned by a detection unit of the
gﬂmspﬁg 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 tc 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



10

15

20

25

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
forivgtaoscpewaeiss-vi ew of a scribing device according to
a third enbodi rent of the present invention. Fig. 10
i s &igi.e® whi ehsshewstdcconst wwhtichn shbwanat kettecting state
exanpl e of a detection unit of a scribing device
of acdetrtéicndohoundft efbadiscenbioly ke ipkesericondiventticonr. second
10 Fig. 11 is a schematic view of an automated
embbrigakinig olfi Ree bIesangl asyesuhsirate, show ng one
exanple of a line for breaking a glass substrate
whekega sChisbhngcHewhee caRdew S¥bseqUentlivg ackieakiaR@ording
device are incorporated. 15 Best Mdde for 8érry!ng Qut
to BNenkR¥eRlhoR i kankhe £ @hloWrRGerdeUinges o scribing a
brittle material substrate according to enbodi ments
of %Eﬁ.pﬁgsﬁgta'QXQchﬂ CHMshbwgead%%ggkq%%t %%?%fognother
drawi ngs. The scribing device is "used in oné 0O
Li_be .ste for .breaki.ng I . tr 0 .20 .
oL Ber RO P8 Chidmsie s ro ittt Bdarating to
an c%gstLt%%Eonzltﬁiem&yhicg shows _an_enbodi nent of the
D _Sgﬁp En7&ntF6n PERRISS Us VBTG Fevi ce conpri ses a
Sll%ig{agaeiézé schematic view of an automated breaking line
for a glass substrate, showing cone example of & line for
breaking a glass substrate where a scribing device and,

subsequently, a breaking device are incorpocrated.

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 otf
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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
horizontal state along each of the guide rails 14 and
15. A ball screw 13 is provided in the nmddle of the

guig dailsi 4 $8%ndd 19hdEhagre0 argraged o5 Rgardilied] along an

with each of the guide rails 14 and 15 by neans of a
uprrRet 6HTEAGE SHowhe. bHise Ball i5creWword Zontadt sttaflee along each
forward and rearward by means of the notor (not
of thewgyidandadllisalld pod 16. | & defldckedewo I3hd sbairovided in
screw 13 in the state of being meshed wth together
thet hédeviet bf The balidenutils ild amiledBalsloy ak0 tat tradhed in
to the slide table 12 in a non-rotating state, and
parsllildés wiinhbetlrhdiofethieogsidkong ilke 1dalands asewylddayis of a
the forward and rearward rotations of the ball screw
motd3. (hber ebypwn)t.heTslel ge1takleeed2 13t @ sMticth thitg PadHdrward and
nut 16 is integrally attached, slides al ong each of

reath@ raubgemeailss o¥4 takd b oirN (nb% th@wh)di Leet i2:0ma1A nut 16
pedestal 19 is arranged in a horlzontal state on the

is §lt‘tQ%hE@b|t% %%e Fag 1pedestah 3194 g hel idally o%umq bG%eshed

by a palr of guide rails 21 arranged in parall

Wlthh%o g%rtﬁﬁb§ewé%h.53%ﬂe %gﬁﬁe gyl dg 1 r@'f%ﬁ%?ﬂ?ily

arra In an X direction or th ogona
[ tian I Lrection of the S|Id t.ab
sccRERELRTSHe T AR T egton. o e Mo ke S

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 12 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, FEach 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
ball screw 22 in a state 10 of being neshed with
together therewith. The ball nut 24 is integrally
attached to the pedestal 19 in a non-rotating state,

of apdnpoweshen kath dogectheenshelremdthhe Makl bedlewu2224 is
by the forward and rearward rotations of the bal

intsgiawiz?2 atthehelby tb dHe peatlestal 19 shi desoal-epgaeaah state,

of the guide rails 21 in the X direction. A rotation
and"RekaBi sm 35ths dpfevidedsonlbhg pedeshal E3rewald &y the
rotation table 26 is provided in a horizontal state on
forl/Aedr ahat kFed rfeeharbeak28nsAct 2% BUbSt Katew592as afereby,
obj ect 10 of scribing is nounted on the rotation table

the?Bedlle af04al k0N 4ABCARRLSWL2R b FRkalRd o M4Nd @21 in the

central axis along the vertical direction of the
% dgggg%&gg table 26, so that the rotation table 26 can
e rofated at an arbitrary rotation angle with

respe .a_ref n pgsi tion.. Th | ass

subb: Faraladn BeFhgREBuNTs frebralafied Bhashe pecstal 1o
for xampl e sugti on chuck. supporting table 31

and; ' 7pBAT R 56598 Che SPobAPISA=t: 36l & B8 aroghaL state on
appropri ate spacin erebet ween. The suppaorting _

theg BB aP500 Beghahurted oin & HoAcsoftir teries 0y ap 26 object
| oner end of an optical holder 33 arranged in a ,

of $eFiPdRM dFafgunted 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 heorizontal 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
éurface 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
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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
osctidBkeéo2634.is irradiated with the | aser beam wth
whi ch the inside of the optical holder 33 has been
i rr @8deatddssf sabsthatko™r, endnbetiaca ahet hetaptiopaltable 26,
hol der 33. At this time, the glass substrate 50 is
is iikradiated with the lLaser beam,awiah welilkhpthealinlsaser of
spot | ong extended along a predeterm ned direction by

thet bpraphicab1syst 8m RelsdieBnt he raptizealy, hehdar 33 1Dwer end

cutter wheel tip 35 for fornmng a cut out (trigger) on

fackOolrthensubhages9f nbheed! ass substhatke +3qQel, S thkoyiged
under the "supporting table 31. This cutteér wheél tip

sub%%ra%eug%d1E°Err593gkﬁ E%IQ%E @% .998LL1AS 58 5

trigger for formng a crack Vertlca crac
1235088, 15 L groL b ﬂ?k@'&%&é@%ﬁsﬁbs b 50
L by FiBe CB SRy NeLd by A Ly T8l 8 i5aL fRdder 33
PR B L et oo e
arran enent p03|t|on of the cooling nozzle 37 is
thecﬁ3ﬁ§%§5|8 he 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 heolder 33 such that an
arrangement position of the cocling nozzle 37 is changeable.
From this cooling nozzle 37, a cocling medium, such as cooling
water, He gas, N, gas or CO; gas, is sprayed onto the glass
substrate 50. The cooling medium i1s 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 nmedium 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 conmprises a pair off CCD
CCD cameras 38 and 39 for picking up alignment marks

. camptagi ddskyd pat rfernedcaintghepgbassnsehst matr&sS@reandusly

nonitors 28 and 29 are provided on the nount 32,

patbvhiréBdr egpesti yehy sdsspkayabel Bagesnpi alsed rupsbyst hed 29
CCD caneras 38 and 39. The supporting table 31 is

arePpR¥idgdaWohhtcdRbaeki 8, URht chd@elsBepi@Xlit Wik 1bRe
cool i ng nozzle 37. The detection unit 40 detects

ima¥Bet BeEkadbLbNE Craek chpethinedh schackhshas been
normal ly formed or not in aregion in proximty to the

C°°‘rh89s&gpg‘fgEHQ‘UEBE%eglf F__Q”b‘i:l’:‘;%i&lge' iwgghngz He@edfion unit

onto the ass Strate. or exanpl e,

40 gg?bgﬁg%&‘cg £3oRRa! gi}c?%lli%%d 3% Z41€ 37det %gﬁ]tei %%t%e@rttl o[ unit

con rnclPudirng an optic

Li t ' ti ivi t 42 d
10 Bep e rndbRsReinre I3 na PR e g eator LA Ag Reen
I bstrate 50 wi.th the . ,of h i bi .
norfigli e IOFTFE: Ot RETgRESE SGILPalE BEORBLSY Brokdy cooling
iinto a predeterm ned size _ is nounted _on the rotation

mediyp| PPaYEf fREMsEFRLIFRG 1deGi 88ZZdRd herta ko Jlass

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
camerés 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 proceésed 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
alignment 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,
50 tikeppetiaticordt altl e R6edetrtrimigetheoghiasensuhishr aeepetd to
50 is positioned at a predeterm ned position with
ther espectrttiag thelsupper tindg thabke a3k, sabatirheeglsdsds then
substrate 50 is then scribed with the use of a |aser
scrhdam wilianthbeugkass subsikeat 8ea0.i swhen bhed, glass
| ongi tudinal direction of an 5 elliptical |aser spot,
subWitt-Btwhisoh ikhecsubkace a0fi ohbe takass 1 subsidtabe 9F s
irradiated, fromthe optical holder 33 is an X

ell@F%@%&homaQEQnQp%tSC%&Qﬁ LihAent @nke formRd oF the glass
glass substrate 50. The rotation table 26 is

subgl‘el:?h'tieoggdigyitr@%alisaltie@e %&ohh%heegg%&@all%o%e&h%3 is an X

e table 12 and the 10 rotation of the rotation

dir%é@&gnzglgx thSEQH%E!Qﬁng?%@aﬁgs¥b%%ﬁd @ngth% baa%s
[ p h~shows a

agrammati erspéective view whi C
I -b [ di_ati t at h I bstrat 0
subpBR8E="807 LT, s Brritoll ThPag abyico PORIG R BY e
. pl [ whi.ch [ i call. h hysi cal
s118e 508 bRY RBHES o e OTh Lot FadHCof Are diasad The
substrate 50. Upon positioning of the rotation table
rotagipht RIr é@ﬁeﬁ"ttadtlct%et%]p?po% ing thB| €c5eLipRemechanism 25.

rotation_table 26 is slid along , _ _
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. Simultaneously with this, a

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

cooSiimg haredes3y wiollkthkirs wiah?zorpaldsegdmadirum such as
cooling water, is sprayed fromthe 14 cooling nozzle
37 tragetheerwWokhmCorpresseddaifiroml kel asgkerbeaillator 34
oscillated fromthe | aser oscillator 34 forns an

forflsl bRt egali prasen spekrleper the csurhrcewitade o a%% glass
substrate 50. The | aser spot LS has an elliptical

subSR2Re eWislhh 5T®e'9%%e@'%@%%eiél@ O B3@1Q ippiand &hape with
short dianeter "a" of 1. mm and Is irradi ated such

a 1%?1@} dli B eh-eRg “ﬁ ' %ft @%r %O%ma%r gie% MR e %Ct“' ONof 1.0

the scri be ne to be In this case,

t er.at t| b e.las
mm, %ﬁ% b L e r&%fe%ﬁ‘e agrees
. d hat ower__t.han sof tenin 0i n
Wit th%lgéggéﬁbgprate eTﬁFrlgnablgf t e@%u%.aced%f gﬁ this
ass, substrate 50, di at the | as

casle 3 SR HRRNEREE Gt HEGE G BongTerle BEoiTre dar & flower
sprayed fromthe coolin nozzle 37 onto a coollng

th aﬁoian CEPEIFICR AS HRiChe Hhtn@lfe Shebatineés af s mglted,
spaC|n% of 2.5 mm for exanple, in the |ongitudina

thaygj deet loWest thRe @a@@ﬁt§BéPgLSOFP6nFﬁhéhﬁe@iéﬁS substrate.
irradiated with

‘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
15, 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 |l 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 laser spot LS, while tensile stress generates on
spotth@&Scaakl nyeptentsiCR samke swWietlk rehtedcoal ithg wadrirwapoint

sprayed. Wth the 25 conpression stress generated in
CP theleegbentheatedibyigt hatkasektompTrespabnl Stakd st having

tensile stress generated on the cooling point CP
geneeaked Byr thaea@obifguwaber regalRl Eds et wekheshehasRd spot

generated in a heat diffusion region HD between the

LS bﬁ&e%h%p@bolkﬁgapglhﬂeC@OQ%b@% RQl RenERak8ads o0 a 1arge
generati on of arge 5 tensile stress at the cooling

teleU@ts@?e%%m@Edtﬂer%%bQQn p%&%t @@DQ%M%QdS'd%ebq %h%n the

| aser spot LS. Through use of this tensil

oppggﬁ%ﬁsslhgetgokﬁg'ggﬁgﬁblgo%Glbs S&%qu@ht %e.yﬁe of this

I'rection along the bé scribe
cenf 1805 eRea’, Bect %%%??alu?a (i gge?' ongaredion e,
ai=ff 188 “HRetPRRa LRk ol B 2%%9‘:.”“3%%9'81161% .
o14RinCoReY: ube SEFErs %i%ﬁ%'@%{‘&%g? %R bepthridrbfion a

the blind crack BC depends upon a size of 15 the

cutpyberd tEpeoers, TR §P£@eslf ath&hge &0 IO ddicod Lesd G rate

50 3i%h the cutter wheel tip 35. The blind crack can be
visually inspecied immediately after the generation thereof,
but becomes non-observable several seconds later.

A depth (&) 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 = kea(b + L)/8& .. (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 |laser 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
cooRBngepoirabe@Prbovk! bBs aneoekbimpilent wdepeadishgréndaameter
heat physicality of a material as an object of
“a”solfi bhrglégkassposubst nat ). 0 heat and obhganiiemeadiratibdn of the
density, and the like. 25 V = ka(b + L)/S ... (1) 16
lasAs descrilBedsaBove, mas anéecexahplealwhenaasehdile line in
diameter "a" of the laser spot LSis 1.0 mm a |ong
thedhaget @i fTasieh regiohas®r 1$pot slim,s a3@nd fMngd speed of
length L along a scribe line in the heat diffusion

thel 60098 ERbksrdce B ig Sbiof khgesheadqot %oh@% dashe laser
substrate 50 is 300 nmi sec, and a power of the |aser

peaf€dW by {0 W 42 Qﬁpb% %Eetﬁﬁlﬁb'% aChiAgl %@ h%ol%%.”‘These

hese nuferic ues are selected so as

num%EEb”@Ehﬁe%oHQb”%@&e@%%%”@'” OEOV%r'% %l%%ﬁqu %gilned

processi ng, then Use r scribin

dep§H8 ga?erbggeéustggﬁﬁgg oﬂ% %%lnbfgges%&ng en used

e lraser spot |ca
for r%ck occurs i medi ately behlnd the cooling p0|nt CP,
a8 aéE%Plbed above. Slnce thls vertical crack soon
becgnes the blind cr t.ed _from

ck | [ [ ojec
t he®Fi GRPYPr b ebtPng reEBFvFﬁ@ %ng pOlgt £8°489160Tea

immediately behind the laser spot LS, and a vertical crack
occurs immediately behind the cocling 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
scrithe diifbbudbllyndr efrbedt 84 Niiget iis detaicoted by tthe
light projecting/receiving unit 42 of the
dispiratmgekédoni ofséheoampAighietodigde lofusting predetermined
determination unit in the photoelectric sensor
threshwérks aFulitgkt,asodnighitevyelidef isheskef Ifect eddjieghting
into an electric 25 signal and then anplifies the
lighitgfizbm The cogditt ben jekttifg /rkées&tinke unife 4obldMmehe
crack BCline) is detected by the discrimnation of

photbelaepliti ednsognabyusiungnRr edekeriToned o il @300lgs for
Further, a light guide is used for projecting Ilght

recE&QﬁhtheEQ%Q%eBrQh%%%'@Q&%%%%Hﬁggge%ﬁbbt%% Qfy 1the $iind

phot oél ectric sensor toward the tection point DP,

Cra@ﬂd fﬁh 8&%9%‘Ee%%F%§fl%Cgﬁdobkﬁﬁgldh ﬁ&gi%%fllm is used

refl ecte ind crack t ca r or an
d
oo SA EILEIRURR S e LLE o

.0 cal ber e exanpl.e of the 10 ._li
invffiEER, EhETopkarUic aBGrann Scon enolle ERAMR ! the
13 ﬁgn %I) of feedback |light to the sensor obtalned

9Pk PHEYSpFti cal fiber 41 with respect to a position P

on the scribe line 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 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 substfate, a sensor light amount I3 between
I1 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
i ncreases as shown with Il 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
calpetwean P26 celdiagd cracks CRlppsndc etsnaihiswisirelsecisgk srack
that the scribe line has been normally formed.
CRIFgcrhes, as lsigbvwin ameulitgle¥d) 14 whHerthehersicde iedye refck
the gl ass substrate is heated rapidly by the end of
portthenl aserespets,L8salstognt he [Fige ttdle stioreederanas shown
uncontrol | able crack may be forned in front of the
in Fager 69pot, 2hehSaoRctrhieegldse Fuhdts atce beSHelimarl, reflected
uncontrol |l able crack is 18 called an precedi ng crack
1ig6R1 i sandtWaeHh atihies! , Paeee BiengeC hagk ghGRErREe Sev@l detected
[ight anount | evel 14 of the preceding crack portion

by iREr 82%e%r 3% $ROWN | Ack@difi)y, NBr aQVelnssA%18NeW detect
in Fig. 6(c), when a scribe liné fails to be forned,

a deetlected s kioltr 5Nl 0Bt 2ied, f@f%e@?%%Et%éi@ygés
anmount | evel detected by the sensor is zero.
subA¢eakdingly, it is possible to detect a defective

state of the blind crack forned on the gl ass

substratey FULLOEG,a3 Shoun il .1 20k Al SO Brack

rack g aTine'to be ™~
s S50 ERRATLIE 319%GR0HR B I ALASS AU LAl g or
theogl%ggpg%%g%gagg q%a%hggvg%i%g%; %%e%h%P%%rE%ing ending
point indicative of completion of heating by the laser spot 1S
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. Such a crack CR2 is also uncontrollable, and a reflected

light level becomes higher alsc with the occurrence of this

crack CRZ2. 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 otﬁer than the end of the glass substrate
50 or the reflected light level is not more than the threshold
VrefZ, 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 nmay 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 higher also with the occurrence of this crack
outpRetedhdirefiotbe pgesdenénatacd thidsHal ¢fl éhel hyiterilectric
20 and Vref2 are set above and bel ow t he nor mal
sensefr] est edel rghtipleevé] th¥hertele ioef vedted 40i ghn lopegation
exceeds the threshold Vrefl in |ocations other than
fort flerandgot sheipkadinsulibiiate cra@koBCt Aéneef bacttée glass
light level is not nore than the threshold Vref2, the
subdetrera Bat iencohitt ndduef vt be rifivaineel. eciaki oppersar t25this,
deternmines the state as defective. Wien an K sigha
whehSanlfcoukt puktied sf bafpliie edetrem Rakl gl teRntingdd ioh ket 43
phot oel ectric sensor as one exanple of the detection
of YRkl 8et@ctaBnopenat bon thar cher@ngna r26f ienlinke a scribe
(blind crack BCline) on the glass substrate 50 is
1in€ONLhANAUShY REBEORARA) A% QRROFAD 50 Shltlstra® SMIRN a1
signal 1s outputted fromthe determ nation unit 43
: ; t ect i.on . yni at.i f f.qr,m :
B
a [ i scont.i n [ tane Y. W th
vo THEBHCRR Phekiret SRR neors s T atdt e
. _occurrence of defect, urging 10.discontinuation .of
a1sGGELIHUBE LPRe g1 A0S YbeR TS S0°FG THO® HaLe sepo the

te

post-step.

As thus described, if the blind crack BC is not faveorably
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 fornmed on the gl ass substrate 50 under
scri bing. Hence, the operator renoves the gl ass
theg Jigihtafi@yshe Promeced Seam she é&@tzéla@td tfe the blind
scribing device as a defectlvefproduct Wth this
cracénmiah thigepge 9fhdhe sptdfcado fedpsy ilnginchd ight

subsequent break step with a defective gl ass

prog@iestingt/eese ign nghipelr tt,henisl ifipdre mégkehBdives tiein Bden 1ight

normally formed. It is to be noted that, although the

is ppbijealted ben $: a@edecthe ldeglindimg ect iang/imecdiovibrg formed
unit 42 are provided fromthe 25 | eft hand of the

withl iantldmalclkcrBEkf.or Fidre hdet, eathicon iightFinghy Bire2d iyheenter the
light may be projected fromthe right hand of the

poshltiideh weedek thet B1tikel Wse oK Hafke peRin crnfdderi bkt of
light projecting/receiving part, and from which

all@wieet neghtthe o ightre fledHRl @6 ethLa e FIRCtEd the glass
depending on a line to be formed 5 wth a blind crack.

subEY¥Rer 5ot I%%,ce' ghly P didreedtd %h%'“b%ﬁci“%ra‘?;qé' tion
where the blind crack has been forned, 1 nstead of

al | %’%;‘Egs' LT gt ohe BGHD fl'm%%tte%fo'%htﬁhﬁsﬂe%‘%%rt %%%actflo& will

t he substrate 50 once and t enter t

be %re%%l&.bN%Xt ﬁﬁt%%% escg)tgecgat %lt ! he reise %I Cacir light

Iravention "wi oug one op

projec%ion%r%%e% %%ﬁf%% tﬁgﬂflrst 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 & schematic constitution of a
transmissive type detection unit. An optical fiber 71 is a
first optical fiber for light projectidn. 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
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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
destsihedf abstepptiitcabk Pbbeibfer tbi dhteptdyedeitent Theamount
optical fiber 71 is located in the sanme position as
of Lhehoptwhabthf hberbééni nrahsgitbedandraubhght position where
projection unit 72 is provided on the 20 distal end of
thet beingt teakkf hher védn Fukhbar, oatl bghther peepkicarduntight,
73 for receiving light transmtted through the

so BEstbi gBrektt fRebhibpdtpEaphinandrackeagrdpephi edkmally
fiber 74 for |ight reception are provided. O her

forﬁ@ﬁsgktHBtonSIﬁr%h&@eca%@”eaa§rhhgﬁ§tg§§%%'Q%@uh@ thelarge
foregoi ng enbodi nent. Wth the 25 l'ight prOJectlon

whe ”the?EQaBEecEégﬂthégcﬁBE'B@eﬁ”k&rﬁgh'taﬁa t

escri bove, it Is possi ble to |rectly etect an

traggﬂygkangg Ehgﬂht 8@'%Ea53§ Qgeg go%gﬁght%%% %hE%%g%lﬁnd
posi

on where the crack s been orned
ted Ligh t t th
craff; haS PaEh RaERsten HorrireE s Fornan uathey s ?% in
case, a transm tfance anoun en.t he bl
rorfalhmnat’ S02ChebA faPeat hhe eng ot ﬂﬁgmgtl@gﬁcéubsdﬂrate
anount decreases in _a portion where the blind crack

50 H4e bReACFYFHERCCMBLedyEBF SCRALAENBPRACIERCGC Of $hien 11ke as

formation of _a scribe line at _the end of the %lass_
shoyppépr figs. 7(a) and 7(b), a light diffuse reilection level

is high in the location where an uncontrclliable 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. BAs 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 highin the |location
where an uncontrol |l able crack has occurred, and a
l'ight receiving | evel obtained as transmtted |[|ight

is significantly | owered. Therefore, setting of 15
~threshol ds above and bel ow the normal transmtted
embbdghenitefelom éhablkesnisidieviodusher gdegsi tsubstolatae 50 enables
normal state where a blind crack (vertical crack) has
detkeenchonredcantcthe rabhbee bientl eredk &ontrwmabeshatecurately
Next, a third enbodi nent of the present invention wll
forbed Z@odestkl BetnsAsiesb@wihien gftia@s SublsheasepEor.t i Marther,
table 31 provided with the detection unit may be
as ahbanged wndekelbhed kabbaiteaet, h@hevvut ghtth§>ﬂo§%%ftlon unit
oscillator and the cooling nozzle, a blind crack
and”%%ebﬁlﬁﬁ%”%@c%b@&b%n@%&%e%&hth%V%%téd%ﬂdN ArGaSGayt B
detection unit is small enough to be readily 25
Spl?%rgggﬁd on %ggtg%@n3|de and i npl enentation of the

enbo iment fromthe downside of the glass

S“bﬁ%%t © Egggﬁﬁ%ﬁéreng%t ¢ Lan a%t'é?:t%%t t&f{ it Q% will be

bl i nd cfac accuratel fmed
desfiotfiy diecsn&'?le et i Fﬂ.%ﬁde'%“e@ il on%ﬁﬂnﬁwﬂw be
. / t t of the d ct .
2 0%3% iﬂa- P rres Snaeei O Bt heEcE Aians. g;{als used.

t he detectlon uni.t 40 will be described. As shown
R PRIGrized PREMUSPEAETER (i 946 THARISE o 3 1ight brojection

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 poclarized 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 réception 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
photheibdset715 sl aghfl ids eidt wilshi mnt heppdlfaeirzé@ dior det igdrven to
selected by the polarized filter 63, to allow
a deetledhianoaf uhie [(@gg) lkioght The deterwdmnticdain unit 69 is
direction to the selected laser light. The foregoing
con@ptiit@gkd biernéludsngr avivdedoan dot@alraghtr , paejceet igevd or
end of the polarized beamsplitter 64. Further, since

badtﬂét%Qmﬂ%EEQ%heqS|mgﬂb obt ai Reedira®nt e Qﬂ%l%ahﬁh Retack
41 is polarized in randomdirections, part of the

forhﬁ%ﬁ%%t%gsbﬁggh M%et%@&'%ﬂ@‘&&ﬂﬂ%%ﬂ@a %ﬁ'%%q heamn the
- splitter 64. It is constituted that the l'ight split

lev%i B%%wggha%hEGQhQ%%ﬂbﬁﬁl'W&%%16 n@p%%%%Z %hﬂ%%t%@émg%t in

reception el enent t roug a mrror

.the6\§11?ﬁg %@%rg@or':urh %rd Wht%hqré%ler l&# %e%l' ntth%e lQe?hs 62,

s a ie er 68 t
iven_to ern1 at| n.unit
thedpbddrided? 5&% ogoorg B pel ﬁ&&dﬁﬁaﬁﬂcﬁﬁ&ﬂwr 64
tor, and . a good bad det er t on
cong O g L b el iy e o R etk the
hased gn mhether t he anpllfled signal is on the |Ievel
optpgededALeRe TOkr £8R05E8 S0Fef WhddE QM%Qﬂ?%ﬂw?gﬁﬁ

in the w ndow conparator. Here, the |aser diode 6
splik&ereRd 62he mirror 65, the lens 66 and the photodlode 67

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

~Fig. 11 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 cassetie 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 positicning the mounted glass substrate
50; a scribing device 103 of the present invention for

scribing the glass substrate 50; a conveyor 104 for mounting

24



10

15

20

25

the polarized filter 63 and the pol arized beam

splitter 64 <constitute a |ight projection unit for

maki ng |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
andatéehepatiitidhdgraimet gt agisewubstantautOmahedhith ki meribe

100 for breaking a single panel glass substrate, which
linehbws bBenexampke;oh dRcaltommiiedikkneobowhiceakisng

the glass substrate 50 having a breaking device
conkheenperabedat hapekendivigkldownrg hhaeveer bbidngndeviied. at

The aut omated gl ass substrate breaking [ine 100 20

leaG@MBhESES: t8cCassetibe kaader 1Q1 equicpped sWitthed downwardly
cassette housing the glass substrate 50; a conveyor

to %Q%deBeWBQQ%bngub%@%aﬁ =239 %Bb%%r%beb§gaﬁa%h%9gQ%%%
pul ' ed out of the cassette |oader 101 and t

subBO%h Eboﬂb”g&%gg ?g%n%?Q1%|aﬁﬁn%ubﬁkﬁa%edlégha? e gonveyor

scribing d € preseént invention

1068%%Emdm% %%%g%%%ﬁtl§uq§fé %Ioag%sg %8B¥?¥8£e196 f%erelnafter,

nmount | en posi ass substrate

a_scrib S been for reaki n
eaCEe#c&W% S laRreRupetsabho Brbiteg ek Rtradafaes "
nto halves and in mhlch at | east e of th vi de
Sub?&EPE§S|%Sr6F it ﬁPfFédadé%ﬁﬁérél S§r@5eb§ﬁ% )t € The
gl.ass substrate 50 so as to break the Iass substrate
Outsed§| 8hgthRe28EPTBECH A 258N UR ST SERaP yome 100.

Further, in various locations of the automated glass substrate
breaking line 100, a material supply robot Rl and conveyor
robots R2 to R5 are respectively provided for supplying the
glass substrates under respective states.

Subsequently, 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 102Z.
Thereafter, the glass substrate 50 is held with the conveyor
robot R2 to be conveyed into the scribing device 103.

The conveyed glass 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 |ine 100, a material supply robot Rl and
blieoneeyak Brohet soR2 fhooRabdye foespec bnvehy puofiaged of the

for supplying the glass substrates under respective
glaskakebstiatSubsedquentky scri®iogedatiior Aft3dt,hen NG signal is

automat ed gl ass substrate breaking line 100 will be
out@aseedbedomnl Rec0liassctsvbsnate 490 Rouwsed thn tdis NG signal,

cassette of the cassette |oader 101 is taken out wth
thet BeefBiebhab rsUpRl ¥ draRath gRievaRd the tiaken scomit 19hReS while

substrate 50 is p05|t|onegron t he conveyor 102. 20
an &N8FRALLER s sLBE $l3S nFURSH LY ©calirrenke) davaihdhRiity.

conveyor robot R2 to be conveyed into the scribing

devige 3 ey I as S I

on 30t KBReC AT, Ry PRy e T3 AL Cdesor i LY

\Y li rack -BC, al a [ I [ d

forﬁ?%e%PS%Pe SNG F& 2 %f %he gﬁ%%s s%%%%r%%%%%ﬂfﬁ§%%£%

ormed on the glas substra

scrdBUER BEYPEendD ¥ aVbPaliy For it (64 ‘Ene s dd i e Che

| ass substrate 50 in the scribing device 1 an NG
CONJFEYRA| rPg"to pEREe OPNGRC K8 FbEe SOPYIF YT g%zﬁo, and
with this NG si the operation of the scribin .
3@@ is

nal ,
devirB& ﬂéésﬁsSB%§66ﬁF?n§QdeHPF§d5O§ntQ@aHﬁWW?ﬂ°§S

for infornin% occurrence of abnormality.
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 crack BC on the glass
substrate 50 1s positioned in the middle between the divided
tables. In 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 no 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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On the ot her hand, when a blind crack BC is favorably
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

autghasedsupstraaten5@oisgtiblehe breaki ng devi ce 105 such
that the blind crack BC on the glass substrate 50 is
posirti eaedidnbkhacikddiBabet weeRollgd dhei dedckIptions were
tabl es. In the breaking device 105, the gl ass

giveHbskhiabe th@ gNaswhisabsthathl brd tekagk ikag beer frakmed
is broken along the ©blind crack. A plurality of glass

sub8kPatEatigs +pABabLAIRed Ry theedkiing1Qf rhe 9lasSubstrate
substrate 50 in the breaking device 105 are nounted

- e di a C e 6., 0 I 0
1nc@ﬂdEE,R%$%%? 98 n %E& EQEgéQ ﬁgk%ﬁagﬂ%s% %ﬁ%ﬁ%xaé%, a

r obot is to be not t anot her 1li ne

serg SR e b 020 2P AREUE BORRLLL s & (CRB B e a5
bl i rack BC i,s autonatical

. _pr.ed _ned d '

i C Ra7 et 1t PARCEnE ] Ao SO0 e I (RATS gndinpbrittle
jerates f t t ect,| it 40.  Thi Kk

natfETar | § Coos SANPoR G e G eP AL pas SPETEE I gl 51

noted that, although_the descriptions were iven
pangli AgbEREAGFass SHBSLAINBALES, RO Faldil AlPlasna

~ Substrate in the enbodinents, the brittle materi al
DisplByt Pghel), 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), LOOS, and a projector substrate, and
Withhehepeesebtingnventcenahs appl seabbengomkh@opr apedsesl to an

of those wvarious brittle material substrates.

autbwetber prabkhagghithBe ideser bpkisaRI eWebe conver YbsilRJ a
the optical fiber as the light guide, this is not

brlktﬁbtﬁhk@@aa@nguﬁthQEbCabn“@%@%%‘@ebﬁhh@ 15.2md (tRetical
e can be used as the light guide. Industria

cra Egﬁ@'lsb¥;b€ Fﬁﬁgwrﬁ%%ngeeﬁvﬁ% h%ﬂiysﬁ%%%e@ blin@he
Crac

opti cal etected, the size of
0 2Q dto readlly deternlne
subd é?%éF ?ﬁggklﬁ %Bcgggk g%ﬁgg normal Iy fornmed 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
glass 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 materia
substrate 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 foroiapMa blind crack al ong
said line to be scribed, said device characterized by
conpri sangcriBiagl dght ceotibeea Brpokaei akngrb@amsubstrate,
splitter which splits light fromthe |[Iight source

wh 1P eRaicAguelsa yPakatisz at e ishakeongn a0ptineal d iHeerscribed
which is arranged such that light in a specific

on ROIsRrirzdll OF ¢hkeolliQn 1RAWRG kANt ed tehizgugh 15
said polarizing beamsplitter enters the region of the

tem?%&%@u%%aQ%weQr%ﬁ%hog i, AR WL Off the Q&@ﬂ%ie

egion on the surtace of said™brittle nmateri al

mat%l]l:q%tlr %‘i}%sg@gltteh% ' g tlsor eféo%ctt %%o%l %ol%ll'sn% ge?i n in

i'S returne to ‘sai po ari'zing ean1s |tter
li i e nt, whi ch re it
oy S0 SERE, By SRR YR PRI OO 2 e

om .sai bl i.nd crack a det%{n1nat| |

f ,
crawﬁ?@h ro&@&gsl&nﬁ ﬁ&b&?c&ﬁﬁa$§idrsald evice cC ara terized

by comprising:

a light source;

a polarizing beam splitter which splits light from the
light source depending on a polarization state;

an optical fiber which is arranged such that light in a
specific polarization direction having transmitted through
said polarizing beam splitter enters the region of the blind
crack formation in the vicinity of the cooled region on the
surface of said brittle material substrate and the light
reflected by the blind crack is returned to said pelarizing
beam splitter;

a light reception element which receives the light split
by said polarizing beam splitter from the reflected light from
said blind crack; and

a determination unit which provides a window comparator

" so as to distinguish whether a level of light receiving signal

obtained from said light reception element is between
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so as to distinguish whether a |level of |ight
receiving signal 25 obtained fromsaid |ight
reception elenment is between 29 predeterm ned
threshol ds or not, wherein a shape state of the blind
crack is checked based on an output from said
determ nation part. 5 2. A scribing method for a
brittle material substrate, in which a region along a
prefienerrdnpd sbrebbeles ar sgihawdestia brittle materi al
substrate is continuously heated at a tenperature
| ower shhra atsoft edi bhepbilandofrehé bei cheskedabesed on an
substrate and, also, a region in the vicinity of the

- outpOthéabmdsredi detiesmdoationopsky .cool ed, so that a

blind crack is formed along said line to be scribed,
said nethod characterized by: splitting light froma
light source with the use a polarizing beamsplitter
depending on saAdialg ZRdHHeH Hort & bris tald evdtrgilaight
in a specific polarization direction, having

Sub%&%ﬁ%@‘tEﬁdwhﬁEQUQhr%%h@npghéhgzbngl@%a$k5®é‘§d¥&béd30n a
enter, through an optical fiber, the region of the

surhi-ad %rQCErlﬁgﬂ@ath%rh%lt@%b%%%b%btﬁsokoh@%ﬂaaﬂ§%§ heated
region on the surface of said brittle materi al

at ﬁuQﬁgb@Egtugg ﬁ%%%gn%ﬂgparesbfgghlﬁ f %QE&chytkﬁgbﬁ%ttle

crack to sai i zing bea plitter throug

b h lLigh ‘
mat%?ﬁglo%hb%ﬁgaﬁl %%d Pﬁ%%k;'g%gﬁ@o 1%igﬁ%bkgg§%ﬁ@y(§% the

hea%gllEg%Eogrgg]Eg% fl%%ﬁ%dcooled so that a blind crack is

formed alcong said line to be scribed, said method
characterized by:

splitting light from a light socurce with the use a
polarizing beam splitter depending on a polarization state;

allowing light in a specific peolarization direction,
having transmitted through said polarizing beam splitter, to
enter, through an optical fiber, the region of the blind crack
formation in the vicinity of the cooled region on the surface
of said brittle material substrate;

returning the light reflected by the blind crack to said
polarizing beam splitter through said optical fiber:;

receiving, with a light reception element, the light
split by said polarizing beam splitter from the reflected
i1ight from the blind crack; and

distinguishing whether a level of light receiving signal
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l'ight fromthe blind crack; and 25 distinguishing
whet her a level of light receiving signal 30 obtained
fromsaid |ight reception elenment is between
predeterm ned thresholds or not, thereby perform ng
scribing while checking a condition of the blind
crack formation. 5 3. An automated breaking line for a
brittle material substrate, characterized by

obteanpdi Sirpg: satidl daghtomecsptiibnng letewitce sf betaeen
brittle material substrate according to claiml1; and

predbteeasheonehderhod dsobrbneaki nyetree yopetrtfloemimie sicalibing
substrate. 10 4. An automated breaking line for a

whibei theexiageai abndsubshr attethehanaeteciraett Bprmation.
conprising: at |least one scribing device for a
brittle material substrate according to claimb5; and
at | east one device for breaking the brittle nmateri al

15 substrapg a3komated 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.

4. 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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