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MD026 1 DESCRIPTION SUBSTRATE CUTTI NG APPARATUS AND
SUBSTRATE CUTTI NG METHOD 5 TECHNI CAL FI ELD The present
invention relates to a substrate cutting apparatus
and substrate cutting nmethod for cutting a substrate
10 by formng a scribe line on_a substrate and
breaki ng the substrate al ong tthe scribe line
BACKGROUND ART 15 A liquid crystal display device

i ncludes a display panel d crystal inserted
between a pair of gl ass gg%EFFEFgghbonded to each
other. A glass substrate included in such a display

panel is manufaghiad by Ghiiig ApER kRehs dgxgﬁss

substrate into glass substrates mnt a predeterm ned
20 size, and then bYFRETRATHCYIBNG MHIEIO0at es. Such a
di spl ay panel is also manufactured by bondi ng

| ar ge- scal e not her gl ass substrates to each other so
as to .forma bonded nofBEFANGCALsFIEBRBtrate, and then

MDO26

cutting each 25 not her gl ass substrate of the bonded

not her gl ass substrate |nto sub%trate

pr edet er mi nEP BFZESRE iR YR Pt aPPe r%PeCUttlng
Llnappaﬁabesaﬁﬂmh&@tra&emmminﬂgmethnﬁ&mﬁbmmaingammmmtrate

al ubstrate use a 30 scrl te not

glgég sUbeth At e °Had %%ﬁn%mgular S a%é %REA eéﬂing the
exaspbeirabe aateng btm@ s;ctleqd?e stinde |ines are forned

MDO26 2 in a specific order along lines L1-L4 to be

scribed along a vertical direction (i.e., a direction
along a shorter side), BACKGROUND ART

A liquid crystal display device includes a display
panel with liquid crystal inserted between a pair of glass
substrates bonded to each other. A glass substrate included
in such a display panel is manufactured by cutting a mother
glass substrate into glass substrates with a predetermined

size, and then bonding the glass substrates.

Such a display panel is e.xlsol manufactured by bonding
lé.rge—scale mother glass substrates to each other so as to
form a bonded mother glass substrate, and then cutting each
mother glass substrate of the bonded mother glass substrate

into glass_-substrate.s_ with a predetermined size.

Figure 20 shows a plurality of lines to be scribed,
formed on a conventional mother glass substrate used in a

scribing step.

A mother glass substrate 1 has a rectangular shape.

For example, in a scribing step, scribe lines are formed
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and then, scribe lines are forned in a specific order

along lines L5-L8 to be scribed along a horizontal
(lateral) 5 direction (i.e., a direction along a
| onger side). Then, in a breaking step, the nother

gl ass substrate is broken by applying a bending MD026

stress to the nother gl ass stubdtrate 1 al ong the
scri be I|nes 10 By forntng t he breaklng step after

per{ ste glass
subsr?r at é)%léuir}gccﬁ g nt o Ri“ 2%{'0‘% e L ibed along
Scraﬁﬁnglgﬁé@ﬂhmcﬁﬂma&mn&mwaghasstsqbaﬂmmmashonﬁers;de)

foral@&%n ! sérﬁbgmﬂ{%é%yebgglgrgéaﬁnmﬁt%? c:géfé%rder along

substrate a scribing d ng a rotat
t ablEn&hi BA- I-§ teotbgt ety ¥Ped dtordne ahogirertadn (\Jaattﬁral)

thegipibeiod @sse. Sléb%tl&@c%ﬂmn”ﬁh!%&daai%@e:?%dé&)ng Then,
means whi ch noves reC|procaIIy al ohg predet er m ned

hor 12 ghtbAe I e 36 e T‘I’?&th@rreﬂ%aﬁ@ §t1€5tF8Fet ke broken

rmttlsgera;gﬂqss@ dbBéhai g ls tiSsPais @hgﬁﬁbmeﬁg)‘la)é'SnGuBstrate
nt alo the scribe line forned on the

m)t e%]f%rr%;%%%%q:r NeS5 The details of the

scri bi ng step and the breaking step mnll be descri bed

bel ow. The * e%&%.%l a%ﬁesggé {(%%ge e a t)éq:d an gming the

rotating h 'S 1o ori on?a

di r%@tibﬁmg ESep . Sthenarpes, gbagsitsubds twhdel 1 tispchibrimgo four
fowypeiidged ifges in a specific order along lines

L1-L4 to be scribed in a vertical direction.

Thereafter, the rotating table on which the nother

gl ass substpt §ci¢ib§n§0 ?Cfd:r.s th@tlﬂtt:r@lqei? ¥hss substrate 1
horizontal NMD026 3 rection with an angle of 90

deghee§OT FFAMPLEri DB PP REsSCRIRITDFHRFAHEE SIRRT FRBstrate
or derbyakosgribirg dévide timdlRidEtiy Beebtd fiy [flledwhich is
di r:I:eoc'tt I’h AI ter ngzt:Jl_ggrlltYaitdlregtfglll bt!u?tﬁ h‘?he mocther glass

substrate 1 mounted and a scribing means which moves

reciprocally along a predetermined horizontal direction.

The breaking step for the mother glass substrate 1
is performed by applying a bending moment along the scribe

line formed on the mother glass substrate 1.

The details of the scribing'step and the breaking
step will be described below.

_ The mother glass substrate 1 is fixed on a rotating
table which is rot:atable in a horizontal direction. For
example, a cutter wheel tip forms four scribe lines in a
specific order along lines L1-L4 to be scribed in a vertical
direction. Thereafter, the rotating table on which the

mother glass substrate 1 ismounted is rotatedin a horizontal
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the scribe lines are forned respectively along the
lines 5 L5-L8 to be scribed in a lateral direction,
and then the rotating table on which the nother glass
substrate is nmounted 1 is rotated with an angle of 90
degrees, and then scribe Ilnes are forned
respectively along |ines L1- C43t5 be scribed in a
vertical direction. In this way, the scrlblng step i's

10 ner r.i ne i .

ot O ég{{@g‘ WJf{h Rl quet ) tﬁe?ﬁ%e%m IR g %tyu gines
pr e@-‘S@GO@‘n@d n aﬁndcadialcobr&enntlbag Jg:h&&sLs eb8thoalbe stribed
A vert I C nds, o r| I

Cheth i AReeTaiChi 18PN AT e T 10G M that
1. e efciHee stine® arqcomrad fraames tdivetlye adomnigethe lines

gl ass- L@ub@tw@tfczllbé&elm el ! AS 1 iSeRsliAL ealad' $hen the
bent to deform 20 the nother glass substrate 1 t

MDO26

“appFytatbehdpRdeIhEREcRIsme e s gL phe %qhﬁsé:rfa&rer%msﬁnted

t hel ning |’jﬂftagiea$$u§:llb$1hr ahgld. ofhep d'@jfb%s Q'a&ﬁﬁ then scribe

subftrat r Hgs br ken aIE g%ihe scri_be g
extendt hg THEVE F%ﬁ?e‘é ) ¥F&ﬁf’9ﬂé‘”&eﬁ+ eLf |tr?eb‘|°’ feribed
theln @cvebtmgaitmemdmat Ihhehiendycakther ackit fog haep is

§%$%§] 25 of a side opposite to the side on
' e sc?ibe line of the nother glass substrate 1

is formed. In this way, the breaking step is

preformed. By Jpebanm QgsEpngrfﬂ]fé rﬁ.gs %ﬁneﬁ tb?rr rotat:l.ng a

performing thé 30 scribing step he
sulfstttae wheed &dp with tbercu‘étm%twfmeels tig PI@E@FP@SQHtO a

Pataitrdden & 8 WS KHat sogiBEta+l) 1Nm336veﬂ'tlcal crack
dlsclos%é;that as a nethod of retrievin ass

sulfStheRtE §hemy asﬁé’d'"e‘bt?f l&n@i Adra gt GPEa%H&S%EFFE giggotion
ancartapmdder dlssoWuftateg ass plate, the gl ass
plate is heated (breaking step) after a cut line
(scribe line) angled with respect '
After the scribe lines are formed on the mother glass

substrate 1, the mother glass substrate 1 is bent to deform
the mofher glass subsjl:ra.te 1 to apply a bending moment along
the scribe line formed on the mother glass substrate 1. The
mother glass substrate 1 is broken along the scribe line
by extending the vertical crack from the scribe line in the
- scribing step, so that the vertical crack reaches to a surface
of a _éide opposite to the side on which the scribe line of
".'the mother glass substrate 1 is formed. 1In this way, the

breaking step is preformed.
By performing the breaking step aftexr performing the
-scribing step, the mother glass substrate 1 is cut into four

substrates 1la.

Japanese Patent No. 2785906 (patent document 1)
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5 to the thickness of the glass plate is fornmed to be

a closed curved line (scribe step). In a scribing

nmet hod where scribe lines which cross each other are
formed on a nother glass substrate 10 (cross-scribing

met hod) as shown in Figure 20, usually the nother MDO26
gl ass substrate 1 is fixed on 4 predeternined table.

A scribe line form ng neans such as a scribing cutter

is  J rly with respe to the, nother, gl ass
suntiTefSseq Ry Secorms P oh retraBrang matlaty pupstrate
scribet |shame afe al&itolredonl @angadhet merdiisealand an optical
dir i di_ir.ectd on f,.the not he .

gl no0 e a A Ffte CLh8THIAL pEAEH IS HTRERE (breaking
gl aseRLRTteE @ i eriduimeed Soxitet dtied )wienglad sngherebpect

90 tdlegkeenicih ' ] a§ef
direction _ort hgggﬁg lt?g r‘!{jﬁée@%ip?'gctei ggr:}@l%ﬂm\%rﬁ)g% 1??1ea closed
scribevad nkkrar Scoipgrddiusl y formed. The appl i cant

devel oped a cutter wheel tip with a high capability

of form ng vertical crack along the thickness

direction ot 2Bt EmgLhed wheks ssrikeel sueh Wig chiseross

t heeandt hertiglmsareubsbente dbsclOseabther) agARGSe substrate
when .t cross-scribin

Pat . .3Q74143, , he.
o (asdop il meHRAT 30 St 41 G008 FAf o oeged Ty the

podwitidy gyaskatulasthiepi hg Mimedonw patede teragsicdgtable .

PoiNty dy i bstrate 1 which is forped .
by séiibf%ggfﬁgiqﬁﬁ?gkgﬁﬁfé§#i§%°ﬁs SafdSEFPHPAgC UEer is
sedBVe M ideardy. wAtheFespedt ckadihe soghegadiaber sebstrate

WhilC i hR@aL8 &SI xel $BPERe AUYRXT MRHLELY Q’%cﬁ:ritb 19508 are
thickness of the MD026. 5 plate in the nother glass
subtsdertonpdhev et itrhgirect perigr Fod liatesd direction

di reecthemotheusglaheBubberstéier tnbeab1etdPwh 86 M8% mother
near, the scribe line in the fijrst direction while the

sc b5 SPESFERES: MBI TFE L csH@ @ ¥dfhoan gRgle of 90

notde@rees. Then scribe lines are formed along a direction
orthogonal to the direction in which the scribe lines are

previousily formed.

The applicant developed a cutter wheel tip with a
high capability of forrhing a vertical crack along the
thickness direction for a brittle material substrate such
as the mother glass substrate disclosed in Japanese Patent
No. 3074143. However, when the cross-scribing is performed

-by_such a cutter wheel tip, there is a possibility that a
chipping may occur at a crossing point in the mother glass
substrate 1 which is formed by scribing in a first direction

and scribing a second direction.

A vertical crack is already formed, which reaches

- a depth approximately equivalent to the thickness of the
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5 glass substrate 1 sinks. Therefore, such a chipping
occurs when cutter wheel tip noves onto the gl ass
substrate along the scribe line in the first

direction at the crossing point of the scribe |ines
inthe first direction and the second direction. 10 MD026
In a nmethod for cutting the mothher gl ass substrate 1
placing it on a table of a breaking apparatus for

perfqrnin e breaking step while the front and back .
sur plats dp %E‘S RREPRES YRS SSRASTHER e PR F Sridddg 1is
by @etrdondmed ia ttex ficat dibectack. byrapp| whagt e berdieRgrhee 1
no i b i,ne. .forme chi ppi ngs_can .
casiip efited HEag TR EeE B 3 thB e gl L A2eC8on wni e
sub§hﬁﬁQ§ibingiheﬁﬂﬁpgmeaﬁnﬂbekmaamddﬁ;émixmnephemother
docyiBRl dubsefhid 18 dod T%%rg%o%ec ULy dik %e?]l(d?éé%g% poccurs

liné) angled in the thickness direction w't
to ¥N§RaSuththregsl tdpnpaves anta hde ghasglswhstrate along

Subghead @riw 18Geaif theU BFs SRRt S on' £ HheVeFL £ LY point
line formng neans

t he %Iaﬁs | ate, a special _scribe Iir I

sucRTatPg Spethalliftas gindheufiest| diregtiorand the second

25 aiestthone (scribe Iine) angled with respect to the

thi ckness direction of the glass substrate. Since the

cutting face of the glass plate having a circul ar

shape as a pm cdumetthodt fof raamnttiher ghassophét eylsss substrate

ang , i pdi [ equired _so that the .
h%af%g?@iﬁ%h@tﬁ%fg ofsa Brga 118 a\Pé)ratl:laEc s %%r pgrﬁﬂgmlng

cutting econes an ‘end surra

sur thexpfaking gltepswhiibsttha ddvati ngdaback califaces of the

SN2RGthe 4 ARSI £ I IWEH LA d S KL LL LMWy 4 B rtacan
probl ens “nmentioned above. The S%Jectl e of the
pr eSEAEK | B FRPUALLS aieiing mogegiopleada thebscribe line

cut fbRge@PRAHFpih ANdan SaADSTY FRuCHbE 7Y dHR9 ng motion

capapl g of easjly breaking a substrate along "a scribe

li n® th?hiﬁb%FY [THys do not occur in the substrate

Furthermore, as disclosed in the patent document-1,
in a method where a cut line (scribe line) angled in the
thickness direction with respect to a glass plate is formed,
and then the glass substrate having a circular shape is
retrieved from the glass plate, a special scribe line forming

' means such as a spécial scribing cutter is required to form
a cut line (scribe line) angled with respect to the thickness
direction of the glass substrate. Since the cutting face .
‘of the glass plate having a circular shape as a product cut
from the glass plate is angled, a grinding step is required '
so that the cutting face becomes an end surface vertical

"to the surface of the glass substrate having a circular shape,

The present invention is made in view of the problems

mentioned above. The objective of the present invention is
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due to conpeting notion of the substrates, and cutting

the 5 substrate so that the end surface of the

substrate beconmes vertical to the surface of the
substrate. DI SCLOSURE OF THE | NVENTI ON 10 A substrate
cutting apparatus of the present invention includes 2P026
scribe line formng nmeans for fforming a scribe line

on a substrate, and a breaking neans for breaking the

substr ng th be I wherei n the breakin

rrea?lctg ?%%F’g g’sgrr%gng% es%?*é%‘?ﬁ% PR A § substrate
h ?v r:% tanyﬁnd:’em capabdesef eiasiiagt bt@a}t:ifsmgsa ﬁubaﬂsaw along
of the.subshe e fornme

substrate %% as t%qug %ﬁﬁ:'psﬁ{g end & ng fea™ gﬂ%cﬁ(&“r&te
ext 8HEi kg TRt getilba ¢f rthe pubshaatieisckardscutting the

di r eghkeraek §Bet}§é’\psth%aé§<|'1|5219:fq},ee % LRE édﬁﬁ@trate éaecomes

includes at least a first ne portion a seco
I|n8656FFPGnt°tﬁBefFFEfa¢¢n%fp%ﬂ¢|%ﬁb%ﬁﬁﬁﬁqua second
line portion cr033|ng each ot her and each being a
strai ght |ine, #rved i ne or a_conbination thereof,

and the scribe I écﬁ'gﬁﬁpﬁgoﬁegﬁg TOVENTIAN first

l'ine portion 25 and the second line portion while the
scribe line fourgsnc%atrreans ]ES spaced fromth

substrate. The ScriBed iRty udPaF st © ?l ng® present
porinvenbhdr Encleubrwal soeiparlinen forhdnli msind ifter forming

por & i@ i | i rL ehossing each . .
ot her ar:1L %gla%rﬂae e?%gﬁdstsﬂ%rqael éﬂfdg% ea‘ﬁ'}ln QIS8T TPhETsARIng
a cbh®iFiths bt erlen téﬁdSFhébschlb@ Wherreanfmmhm@reaklng

Meaisah O Icldded idesind ae Qﬁf:&#@ﬂg@%éi\?&cﬁ%ﬁ% having a

line portion without the scribe line formng
bei hYREH2EUry SUifdcdendnhy 3wt eReasgRoDr af dherubstrate

ScCromeo ihees EHibHahneNEd HERS od e Ya8shkrAee R hEO, further

sSnoot connect.ed to _an_end of _the first line porti.on
and™™ ge%lf?ﬁ nd thl Prle CEEEENTFFPREIBS T YR L b ﬁé’réﬁ"& dfine in

t hete rsiiickness direction of the substrate.

The scribe line includes at least a first line portion
and a second line portion, the first line portion and the
second line portion crossing each other and each being a
straight line, a curved line or a combination thereof, and
the scribe line férming means forms the £first line portion
and the second line portion while the scribe line forming

- means is spaced from the substrate.

The scribe line includes a first line portion and
a second line portion, the first line portion and the second
line portion crossing each other and each being a straight
line, a curved line or a combination thereof, and the scribe
line forming means forms the first line portion and the second

line poxrtion without the scribe line forming means being
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line portion is connected to the end of the second

line portion, the curved line portion is forned al ong

a boundary line defining a predeterm ned region on

the substrate, at least a portion of the boundary

line is a curved line and the at 10 least a portion ofD026
the boundary line is snoothly dornnected to another
portion of the boundary line, and the scribe line

forgbggegegngfggnﬁhEHe Su£§%¥?%ne portion, the curved

i ne” portion®an € Second & portion. 15 The
scribe line further includes a third line portion, a

first cur VeﬂhE?EEJ_BQ EL'I‘L%%‘C&Q‘#]E% i %%h%sCéJEMSQ?b hife portion

pOftIOﬂ I rst |ne pOf
porﬁmeﬁtaﬁa EpRne¢ied tg ﬁﬁee@@)rctﬁ drheclfegsltnglm@ortlon and

anothekndapd €REhsH&HNE Bisd rﬁBMoné | N8e &Y \EGQhe first

line or a caonbination thereof, the first line 2

por LB PO CBEC RPN 1 b EPBRTGRS Hhesenpralinpgortion,

porthancuﬁieﬁﬁnalﬁb beastion ROrEbeheafl adohli &dbbﬁﬁhﬁﬂ line

h sha e _on the substrate an end
hepPiBRE 4 F2s e s i iRE e Tasion il the. SHPERRAER - e Least

secanpioi:ti)@nmﬁttlhenboandhhgrllmd.safa bbevsacmnﬁilalaxmé the at
por 9. an of .25 the thir

por%%%gt %IPe i r%t Sgu{rve} ST o P SNt T ST Yvé‘ﬁmnect‘:"d
| i neopoyatismr mrthOhSsthb@tﬂdwldamnémned drel the s@nibe line

Of EBEmEh?%&eAr{Q%oE@EtEMf?&gtt @2» Ehetﬁgcc?ﬂ%ed line

l'ine i on Irst_curved Tin ort dnT's med
al oRgT ionj pag Ekﬁnﬁﬁﬂ%ﬂ¢i#ﬂ?ﬂhﬁqqﬁﬂﬂy -a first region
on the substrate, 30 at least a portion of the first
boundary line is.a curved |ine and the at |east

portion of THeSFFIRe lhBaAuatherinsludessntpisd Jine portion,
C ona edtred: &@r\@éﬁéﬂ_lﬂﬁé ]_:Higﬂflldiﬂal@(fl at Q@cé:hdi %hr%'dﬂﬂ%{él/portlon
lin on curved line ort is a curved _line
porﬁhofqﬁd% ﬁ%%eﬂlﬁ?e ?ﬁ% lﬁﬁﬁﬁiﬁ%ﬂlﬁWﬁﬁﬂ?thlrd
othblnem@nﬂidmmmsaznnﬂonmanhunﬂﬁ|aﬂdaﬂﬂﬂibelﬂgdletralght
the :Hi]ér% ?P@e&gfﬁ,] o@r tggmﬁfg%ﬁ'goun rvedf: ngﬁe first line

portlon I S orne a secon
portion, the second l:t.ne portion and the third line portion

define at least a portion of a third region having a polygonal
shape on the substrate, an end of the first line portion
is connected to an end of the second line portion, another
end of the second line portion is connected to an end of
‘the third line portion, the first curved line portion is
a curved line portion .which is smoothly connected to the
énd of the first line portion and the end of the second line
. portion, the first curved line portion is formed along a
first boundary line defininga first region on the substrate,
at least a portion of the first boundary line is a curved
.line and the at least portion .of the first boundary line
~is smoothlyconnected to another portion of the first boundary

- line, the second curved line portion is a curved line portion
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defining a second region on the substrate, at |east

portion 5 of the second boundary line is a curved line

and the at least a portion of the second boundary

line is snoothly connected to another portion of the
second boundary line, the first region, the second MP026
region and the third region aré different regions

whi ch do not overlap one anot her, and the scribe 10

[ine fo orns the rst portlon the

(1 r opioh Dy BpiRak e anko Stna iR ghors (UiF secona
t heldeequart igur aed thermndof tihentlaidd theetguirididn ,nthe second

PO Eh20eaTPend Ydltdr 38 FHERLSTaddiY U0Eo0nA WdhddilF 11me

pOI‘tIOﬂ Ine portion cu ve
| i néefdningra sgcoadorrbieuonetheisubgioraticonadnteast portion

thi pd G %%@oh&%tﬁﬂf&fyoﬂlnémeshaféﬁﬁecf YEME B l'l:hgnat least

the second |ine portion, portion and
t heAfRRFEFPT Pieth® econdcPouBiAEY o A6t Hegotinhy coagpcted

bei g ansthét Ghdriidie ofd tedl ¥8dohiNCo@kd@rE A NAHHN First
20 thereof, the first |line portion, the second Ilne

por Ff*‘gﬁon't’ﬂb‘" BAFPEY Mo99E-9Ro7 ¢ SheHalrdaepdgriare figferent
por teghodef whechadd iddth owegtlip e nthcat hedGt angulthle scribe
sha ey t he, substrat e first

por 1187 TS W YHh&eeEs ?83:13 %%%df&frﬁt ﬁ%nge%%]ﬁﬁl?’?h fhe first
por cupnedahbhéepoetitbrof ithee ssewortl linee poorttioon 25ei second

CO”E&?\TrtSﬁeitQ%é”%Sf&&{ A il Mich 4.l e RQ! o‘?:”c’lo%”"t her

end ne portion is connecte
of the fourth Iine portion, another end of the fourth

l'ine portiofe éérf@é‘ﬂ]fﬁé %ﬁr&ﬁe@&%@lﬂde@@tﬁr& benlibbsteion,
l'ine portion, the first curved Iine_portionis a

curd qq%lbafém%?m ch HFstscyrpetniipcBRAEEPRd & §econd

t hecendeaf 11he ﬁdnfﬁiorl laﬁﬁi ROriHiGH ceeldnaigedpelttib@, the
sec ndstc ortion g i rst &urved line po tl#ﬂiigline
For hbte Bty et FLin ndbrciasend Habaaram fi | She iy
regp@ntbnntmmdsubstmﬁﬁﬁjlaaneq&hﬂaanb&bealﬁb the another
21/{_}) eas?:cfhl't;éslr%?g%l%q:aa&)é 1ne|: Saacucruvre\ﬁeglrlula I?)?: aaggm 1nat10n
thereof, the first line portlon, the second line portion,
the third line portion and the fourth line portion define
a f£ifth region having a rectangular shape on the substrate,
an end of the first line portion is connected to an end of
the second line portion , another end of the second line port ion
is connected to an end of the third line portion, another
énd of the third line portion is connected to an end of the
- fourth line portion, another end of the fourth line portiocn
is connected to another end of the first line porticn, the
- first curved line portion is a curved line portion which
is smoothly connected to ‘Ehe end of the first line portion
and the end of the second line portion, the first curved.
line portion is formed along a first boundary line definin‘g

a first region on the substrate, at least a portion of the
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of the first boundary line is snmoothly connected to
another portion of the first boundary line, the

second curved line portion is a curved line portion

which is snmoothly connected 5 to the other end of the
second line portion and the end of the third Iine MDO26
portion, the second curved |irn@ portion is forned

al ong a second boundary line defining a second region

on the substrate at | east portion of the second

boufid&Sy PAUAGETYsl ine 4F AT Y9k LARE andethe ak deststaa portion

por biforh®ff itdae B&Elﬂi’@rﬁ-@:&@uﬂgaﬂﬂbdﬂlﬂ% E8nfBBOLA! Yo another
connected to qut ITLTV_ggoruo t he second boundar

| i nBCTERRRL BF e Wﬁl&%'. $heaSeepRd FYGVRA 1ine
por pbmmlmhu:cﬂqaucmmmamhhg poanieat witi ¢ :Ltsh@no@ﬂhw cohttected
of e | I tion and t end of . the fo

| | ntégpglﬁ%]lgotgle If { B R ﬁL epBPFti'iﬂnl%n#o%cfnd of
al ohel1bhird hlJrrda k@@mtd@my ithaeselecbmﬂumg:\a&chlmdwr @girdrion is

on !isBEméHhﬁtJn%F £ secdhd ﬁ@éﬁ?&r?gg.ﬁ S‘:P?iﬁl r[ber':leas%[o%d region

boundary line’is a curved
por PRoER®fsSUbfE Rafie, daﬁoéﬁéai’:yp@rhbonifsf disotsigiopnd boundary

connegbat b xuEaRRENeindankl Ok af 1dest Q'ﬁ&rwgﬂ?r%e second
line, the first region, the second region, the third

regPBHn%r?érﬁd’-%éSf SPPRth&Y] ﬂma@fét%ﬁlf%raémtheé‘gm@ﬁ@wn of

on the sathsid a;band%’yChlﬂ@ NHe ¢haSA @uﬂéamw port:l.on is
anot her scribe l.ine fqrnle% @neans forns t
r

fi r%tc‘]er]Eég P FOT R MGh BROtPAE CBBPFPBﬁd to the
t heotleenrmhdl oHdheotliiod 1ihlecpsetbmt atdr vied elndn@f the fourth

por , hi [, the_ third curved i
por 11 Poadiy File R AR 15 pbR e enct L e Sa0mg
| i ne@thardbegndeand ine defigrinmpa a;tuu:é reghawiangtlse shhperate,

of At diSLat 8,5{1 oxthbadssefge. {;ﬁlﬂff&] ﬁcg,{ %qlncéoﬁga%t Burved

a surface of the substrate i or ne extern
30 tireudrer Ehe ek dergtea gfontHions ofi bhﬁgﬂwtd doundary line

Apl U ainbb¥Riy REAhEHEEQARS é’i‘l&ﬂheﬁ: ﬁ%ﬁb@t@l@dﬂ‘mféﬁoundary
S {orne% on_t he bl ade edgg -
ine, the first region e second reg:l.on the third region
and the fifth region are different regions on the substrate
whichdonot cross overlapone another, the scribe line forming
‘means forms the first line portion, the first curved line
portiocn, the second line portion, the second curved line
portion, the third line portion, the thirdcurved line portion

and the fourth line portion.

The scribe line forming means is a scribe cutter
having a shape of a disc, and a blade edge which rolls and
contacts a surface of the substrate is formed on an external

circumference surface of the scribing cutter.

Apluralityof protrusionswithapredeterminedpitch

is 'f_orme_.d on the blade edge.
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The substrate cutting apparatus further includes a

heating nmeans for heating the scribe line. 5 A

pressure applied to the substrate by the scribe |ine
form ng neans when form ng the curved portion is | ower
than a pressure applied to the substrate by the scri b¥D026
line fornming nmeans when form¥y at | east one of the

first line portion and the second |line portion. 10

The substrate cutting apparatus further includes a
rotating driving nmeans for rotating the scribe line

form ng nEEns sabatndta uettingla@dmtu%fﬂrﬁmﬁt:rraﬂmdes a

CUtHLOG: A Aot el des Ay RETDE LIS, KA NG Step of

formng a” scri Ihe on asu d™%4 breaki ng
step of breaking the substrate al ong the scribe line,

wherein they tﬂ’%d}% %Jp%rileﬁdtud?ﬁe asﬁ‘%ftq:aq.fe W %¥1| N9cribe

a heated flui'd having a"tenperature s I cl ent
caustned Ak eAns fWhete fogpdngathee @rmtrweﬂhnos’ewms lower

| i neh&Rrdpee 9BurbgpSURS] frat @héosﬁfsttlchtféjf)f(hﬁﬁe @AM 1ine

a vertical crack extending fromthe scribée line in
et MRS RATH MR SRTTORTL AR bedSt rate Ofaghphgirst line

scrpdretiomeand ctilesedind edisie ddritisn .l i ne portion

and a second line portion, the first line portion and

the second |line portion crossing each other and each
being a st ghbskirate auttinpdpparatas Pkt daidlades a

t hef@@étlt%%?r}g.%&“ brhé%bé ff%% I‘g{ %hepséxs er fl%remformlng

by nmeans € scr |ne on

subBeadnma earai t&]éf@ﬂ?ﬂ{d@é- laixtie form ng step i ncI udes

the steps of: forming the first Iine portion, and

form ng the second line portion while the nmeans being
spaced froh ENESSTBSEr aREtirg dretrpd finadudeisne peribenline

i s MAhg stkbh offOFBBMing a. scribe line on a substrate, and
a2 breaking step of breaking the substrate along the scribe
line, wherein the'breaking step includes a step of spraying
a heated fluid having a temperature sufficient to cause
expansion of the substrate onto the scribe line formed on
the substrate so as to further extend a vertical crack
extending from the scribe line in the thickness direction

of the substrate.

The scribe line includes at leastafirst line portion
and a second line portion, the flrst line portion and the
second line portlon crogsing each other and each being a

straight line, a curved line or a combination thereof, the
scribing line forming step is performed by means for forming
the scribe line on the substrate, and .the scribe line forming
step-includes the steps of: forming the first line portion,
and forming the second line portion while the means being .

spaced from the substrate after the first line portion is
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The scribe line includes a first line portion and a

second line portion, the first [ine portion and the

second 5 line portion crossing each other and each

being a straight line, a curved line or a conbination

thereof, the scribing line formng step is perfornmedMb026

by means for forming the scribkl tine on the

substrate, the scribe line form ng step includes the

ste s of. formng the first line portion, and form ng
RE™E8cond Iine portion without the means being

spaced from the substrate after the first |ine

portion is The scrib ne_further. jncludes

curved | i ne'hg%ﬁl oeresEg‘L&ehll gb‘ﬁﬁgc?e T ahd e RPX Aon and

t heafdgand Lhpe gorttiiom .ahbe fli-‘s:ssmlénd mirisieoonadd ilne second

porgigQg, péf‘ﬁ.c?ﬂ%x%fsgﬁgg gh&ﬁtoéﬂ&.ﬁ n%oégbﬁn?éfng a straight

connected to e en e second I ne portion
cur Y&@e} imEeuFded dAnesoF or medbinaidgon boemelaf y ﬂhenécrlblng

def Lpha @o%mﬁ.hgds&teﬁfﬂ& E%Q‘f&%ﬁb@%}%eélb@ f%kl%fnﬁtr?g tﬁé scribe

| east portion boundar line is a curved |lIne

andf’r’ﬁ% oy “2% %ﬂé’éwa&%oﬁw srréPethenedoraary $ieRr ingludes
snoohdl sfté;m’ll’dﬂQt Qérmhﬁgaﬁﬁéhﬁir§ﬂdlﬂfe tﬂ?ﬁ:‘tﬁ.@iﬁd%ﬁﬁd forming
Ilngh t he s%## [in forn1ng %tﬁg?lncludes ste of ;

f or M AG T8 % 178¢ 35 PoFLtoRY meRg st heiRar ed from
| i nEh@osthoirare £fran nthe Helrsac dridie ippatipar tisoFordzd.
The scribe line further includes a third |ine portion,

a first curved line portion and a second curved line
portion, tHed¢rihe limefpothevipcihdeseconivéd hine portion

por &hos: BNRH c'bh%ehrﬁ'e(idto | d2e < BQr &%%ec ?:Q.‘gltnﬂlrpg S:)ortai.on and

anot her, and each being a strai i ne
i P nd Hormsiaead dﬁ%@tﬁééfm“trhéhﬁl esd piEnghe first line

porgéBfion he S6608Gtéd ® RAEI LM ANEhENeddWd A il Bortion,
portlon defjne at least a portion of a third region

haviity Gp6td gbtie PYREIRP ohs t Ferieh st o e, 2 aRoBR@asY line
t heddfimsing anprodeteéoni M gionldn the substrate, at least

a portion of the boundary line is a curved line and the at
least a portion of the boundary line is smoothly connected
to another end of the boundary line, the scribe line forming
step includes steps of: forming the first line portion,
forming the curved line portion and forming the second line

portion.

The scribe line furthér includesathirdline p;:)rtion ,
a first curved line portion and a second curved line portion,
the first line portion, the second line portion and the third
line portion crossing one another, and each being a straight
line, a curved line or a combination thereof, the first line
portion, the second line portion and the third line poftion
define at least a portion of a third region having a polygonal

‘shape on the substrate, an end of the first 1ine portion
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I's connected to an end of the second |ine portion,

another end of the second line portion is connected

to an end of the third line portion, the first curved
line portionis a curved line portion which is

snoot hly connected to the 5 end of the first |ine MDO26
portion and the end of the secbhd-line portion, the

first curved line portion is fornmed along a first

boundary |ine ef|n|ng a first region on the

subgfrg %“ECE\? b8t §n8o?t idie §eCORE Lipstpamiinrinr pnother
| ihnendSOﬂ Clﬂévgélcolhclﬂ nm@@gbéﬁ@l&{ if}l&ﬁinrﬂadﬁbfd |t‘dbn a®f end of
the fir ary i is s t connected to . ]
anor %éﬁd 0 l?%ep?¥€§?nbdﬂﬁﬁég%" Vet idgcdpgFtion is
curaeduhmé bon¢ i portisem whiratedd |911&>qam311,+ @onnsdteld S the
Sm)QflE'er ‘Eg@nfff§{j jI.t ﬁ8£F endd %Eeé%l??s%ﬁgﬁ?%ecl:ond line

portion and an end 0 I ne
sechadtienr vilke | fweS"pmquW:rd |JSereorpte¢:a:Imr1@ ogeedndlong a

boupgdasy ﬂo‘uﬂ%e&% oefd ﬁb@@ni‘nﬁ%‘@{@s%@ggggn Eoun bstrate

substrate, at |&ast a portio econ
/i nati Loast fr s b ondhensLaet | besadany poine drs of curved

t helsg€ Giith RoNERr Yehs D6 ipH et BEYtﬁé’%@%olﬁmﬁary line
another(fortlon of the second boundary l|ine, the St

r egh D"t HE Fe EGRTCFEGRobe AP Ther endr o e é%rérteboundary
di ffementh2Gdrgidoarwbddimopsot iy akl @I@u@ﬂ@d&ﬂgﬁélﬁbrtlon

th be I|ne form ng step i.ncl ud

fo?%?%%#t*? Eh%grﬁgﬁi 4§nt° F&Pﬁiﬁ ﬁg pEr the second
cur ke lplor!rélpordnd)nn drot mfngm Iublsacbmla pblrlﬁeoﬁorﬂl'ie!)ﬁecond
for o Ag 4 rl%n%eﬁggglgﬂrnygg%cl & B95 51' ol sac-péjo :&%ry line

the third 1 ne porti e scrige” 1§ et urt
i ncdgfgesing erfeapnd negpon pnothe sybstuate |latndepettd portion

a fof $heCsdvsith lbbﬁ%dﬁ?’ﬁrtiﬂ{b id S8adg fﬂ%%gldf Hﬂg at least

portion and a third curved I'ine portion,
| i rfePREEEPEPT thhe seeBRd howisiador dism, 1% W@Otomhrld’ mmeected

30 ﬂlordndiihe&nﬂoﬁ:h&oﬁoaftfhélé&cﬁﬁ RS 35E , 08fe first

" anat her ﬂﬂ each bhei n .a stralg line, a curved | i ne
£ ¢

or TESH

.Sc?r?m’t%? 1en angletire tyind Fegieh @rendifferent

secomyidrsn@hgeoht donnot overlap one another, the scribe line
'forming step includes steps of: forming the first line portion,
forming the first curved line portion, forming the second
line portion, forming the 'second curved line portion and

forming the third line portion.

The scribe line furtherincludesathirdline portion,

.a fourth line portion, a first curved line portion, a second
curved line portion and a third curved line portion, the
first line portion, the second line portion, the third line

. portion and the fourth line portion crossing one another
and each being a straight line, a curved line or a combination
thereof, the first line portion, the second line portion,

the third line portion and the fourth line portion define
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the third |ine portion and the fourth |ine portion

define MD026 - 13 a fifth region having a

rectangul ar shape on the substrate, an end of the

first line portion is connected to an end of the

second line portion, another end of the second |ine MDO026
portion is connected to an entP of the third |ine

portion, another 5 end of the third line portionis

conpect to an nd of ourt e ort|
ot rartih 6SgR Sy et ahphler shediob b arbg trate
to ano%!marofertdheoﬂ?ltrhe iimetpdzrtrmxpdrst connethed torat end of

Cur{’ﬁ%ﬁy kB R | 4 c%rﬁegr%“l\.éﬁg]f— bﬁ%fpt rs% or\M]h.lne piortlon

snmoot connect ¢
por 1§ gpPrimeeirH tire aangndf ofhths etiohd | 1ire mmrhm,. ehether

f ! réﬁd%’f \(:?1@ thhﬂﬁ Pord 'p%'?:t':l.%nf 48 %r?é@f@i %of LhSdna of the

bound ar%/]é i ne defini ng first regi on on

subSevatR 1ife persicn. rﬁﬂqfﬂtﬁi-” &ndt pie thig ﬁgurbbumm portion
li nesicormhd&dtaedd bigtRad 4@ At theagtrat pﬁﬂé %rtcifon the

t he flrst boun ? line is snmoothly connected
anot HeF T 189567 i#%fp‘%rﬁfel% At aocsifm&ﬁy %am?eporﬁéon which
s echs dneuriteld; lcom@ecpedt tonthés end YEVEHe | f:n.astpqrmeOporuon

whi ch. t t,0 oth d
Sectrl TEERA GG drheoPorird orenthg Fig® curved

poriimn pqrrte.osen;erﬁbmﬁd/edlohgrm fomstti boundafprinete defining
al O Gk 5 olﬁoHHd'?ﬁé( %d P ' ma@glgaéfce?%%lrt%%no&f the

on 20t esu strate, ap'ort on o e seco
bou%%‘ﬁ/bounﬁérvsllaiq:m dethiiviatel spel andethit at dgesteaa portion

pord# @meOf s+ 88 Gy POHRORL %ﬂoo%ﬂl&scéﬁ@é’é@éd to another
connected to anot her gortl on of the Second boundary

i TR of £hechivet haelagor diss - she Feiavburvisd line

porgdeiioiiehe ctirsealiley/ peernes it dri sndiih13pc8Aflected

of the ird I|n ortlon .an end. of the_faourth
i ne® &%ﬁr 5Re PRt TP vadtel PRELpBR 7 The £dded the

al origiLxad 1ﬁ.hermb1bmcrrd,at;aelsmrnﬂe&uﬂveg lanehpodtieniienformed
on EII(]: ilé%)%terc%tneﬂ bo%thda Sﬁa.%ort Ig%gn?_fﬁgt gstggga Jéegn.on on

ine I's a curved rine
porﬁhforﬁll‘h‘sﬁﬂ@é:et,hla‘td lsasrdar polritdeni f the second boundary

line is a curved line and the at least a portion of the second
boundary line is smoothly connected to another portion of
the second boundary line, the third curved line portion is
a curved line portion which is smdothly connected to another
end of the third line portion and an end of the fourth line
'portion, the third curved line portion is formed along a
‘third boundary line defining a third i:egion on fhe substrate,
at least portioh of the third boundary line is a curved line
and the at least a portion of the third boundary line is
smoothly connected to another portion of the third boundary
line, the first region, the second region, the third region
" and the f£ifth region are different regions on the substrate

- whichdonot overlap with one another, the scribe line forming
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~scribing head 20. 20 Figure

30 snoothly connected to another portion of the third

boundary 1line, the first region, the second region,

the third region and the fifth region are different

regi ons on the substrate which do not overlap with

one another, the scribe line form ng MD026 - 14 stepb026

i ncludes steps of: formng thel4irst |ine portion,

formng the first curved line portion, form ng the

second [.ine portion, formng the second curved |ine

por 18R, lP&FHFﬁﬁ SERESt RiEr d TOERE ngottieo F 1064 ARG PR&tion,

t hi Edratinyethé i ferordurerd Elaadpb_@tﬂbﬁg then {0y i second

Iinﬁ gortl Qn. The subst te cutting pd fur her

e iR8eos nme Fot Rt HG FeRhp oL i PRELAPhe Forming

10 BREIThiRDESCRI$POONiCR, EHEMEMWWhEﬁhEIme&ﬁbd$1neport10n

di a g s re. of a substrate cutting

appgéggﬁgpﬁﬁ%gagg%r |nglydﬁghe lﬁ;%Pnent of the

present ‘invention. 15 Figure 2A is a front view of a

scribing hepgls 20,p s H4 %@ﬁlr% P Pt RO n%l des a
is a cutaway view of a

cut PepthBgdetep 7ot FITI%?@EBBIP% semilfe Mingy of a cutter

hol der 27. Figure 4A is a front view of a scribing

cutter 21. 25 Fi e_4B | ide view of a scribing

cutter 21. Fi&§F3F4EE§§RERT§ﬂNa9§eHH5|Bﬂﬁ%?N%Spart

("A" part) of the scribing cutter 21 shomn in Figure

4B. 30 Figute 5A S|de vi.ew of a in ad 65

Fraure 5B0LLTETS bie A S g A e st iAot £ phg trate

MDO@éttingbapparatus 100 according to one embodiment of the

present invention.
Figure 2A is a front view of a scribing head 20.
Figure 2B is a bottom view of a scribing head 20.
Figure 3A is a cutaway view of a cutter holder 27.”
Figure 3B is a side view of a cutter holder é?.
Figure 4A is a front view of a scribing cutter 21.
‘Figure 43 is a side view of a scribing cutter 21.

Figure 4C is an enlarged view of a part {"A" part)

of the scribing'cutter 21 shown in Figure 4B.
Figure 5A is a side view of a scribing head 65.

Figu_re 5B is a front view of main parts of a scribing
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head 65. Figure 6 is a front view of a scribing head

66 of another exanple of a scribing head using a

servo notor. 5 Figure 7 is a diagram show ng a

vertical crack extending neans included in a scribing
head 20'. Figure 8 is a di agram show ng anot her MD026
exanpl e of the 10 vertical trigck extendi ng neans.

Figure 9 is a flowhart showi ng a procedure for

cutﬁégg the substrate according to one enbodi nent of

the “present invention. 15 Figure 10 is a diagram

showi ng an exanple of lines to be scribed set on a

not her gl asg; t e_u ' cribj .St e

accor di ng ?%“%%§§éﬂg%dﬁngﬁ n%?v%%@ %fé%é%%qgﬁﬁéeﬁ?ﬁgnés of
20 Iretirer 19vanple of &yresmidtiow Mpaal wevinigcal seruokmotor.
that occurs when a scribe line is forned by a

scribing cutter 21. 25 Figure 11B is a diagram

showi ng a Vet94%el 7 ciacR AAQITaTh ool a cYekkieaht crack
OCCabttaii@ing BedndeinddiRids if0dTRGritnd Behibbby.

cutter 51. Figure 12 is a diagram show ng anot her

exanple of 30 lines to be scribed set on a not her )
gl ass substiaherai8ed aididdransshoRing ssictheaceodtih g of the
to e di e Qf, t present invention. MD026 -

16 &eglﬁtgh?%l%’rafésﬁ aexoﬁeé%relé] éﬁ?g\f\l/isng yet anot her exanpl e

of lines to be scribed set on a nother glass substrate
used in t%gﬁ.&re‘ ky g Sat eﬁ.&?&?&[ﬂ nxgthVQirngea eﬁ@&c@écﬁ'&% for

of -the presen
cutting the substrate according to one embodiment of the

present invention.

Figure 10 is a diagram showing an example of lines
to be scribed set on a mother glass substrate used in the
scribing step according to one embodiment of the present

invention.

Figure 11Aisa diagram showing a vertical crack that
-occurs when a scribe line is formed by a scribing cutter
21, ‘

Figure 11B is a diagram showing a vertical crack and
a horizontal crack that occur when a scribe line is formed

'.by_a scribing cutter 51.

Figure 12 is a diagram showing another example of
lines to be scribed set on a mother glass substrate used
~inthe scribingstep according to one embodiment of the present

invention.
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invention. 5 Figure 14 is a di agram show ng yet

anot her exanple of lines to be scribed set on a

not her gl ass substrate used in the scribing step
according to one enbodi nent of the present invention.

10 Figure 15 is a diagram showi ng yet another exanpl eMD026
of lines to be scribed set on ¥ nother gl ass substrate
used in the scribing step according to one enbodi nment

of the pres nt invention,. 15 Figure 16 is di agr am

showi ng ni ne~4EBR thatds? | A FEeH 180 YRk AT example

gl as$ bidpsd rtat be Iscifiigid @et7ohsa mothagr gnms&aowtrtg::;eeﬁe used

anot 0 ne be scri d
B T N e TP B TR AL T T
accénengien- one enbodi ment of the present i nvention.
Figure 18 is a diagram show ng yet another exanple 25

of lines to be scribed formed on a nother gl ass

substrate Higyre dd ierz slmymanephavingdiel anytdise example

enbefdi M1 s @b Bg%cﬁ!t%%emet' N e RRerFh BME € hbhditSfre used
di agr am showi_n art of a substrate

O cuttin
appat &bEgs 9e'3 D 2RI M T e OB& s ddmsatrak ghe present
f oriedehyibondi ng two substrates. Figure 20 is a
di agram showing lines to be scribed MX026 - 17 set
on a conventional nother glass substrate used in the
scri bing stEpuREIF MOBE AR rGARBNONGL P e fTHhother example

I NVENTLGN s %6 be scribed set on a mother glass substrate used
inthe scribingstepaccording toone embodiment of the present

invention.

Figure 16 is a diagram showing nine substrates 1la

arranged on the mother glass substrate 1.

Figﬁre 17 is a diagram showing yet another example
of lines to be scribed formed on a mother glass substrate
1 in the scribing step according to one embodiment of the

present invention.

Figure 18 is a diagram éhowing vet another example
_ of lines to be scribed formed on a mother glass substrate
1 in the scribing step according to one embodiment of the

present invention.
Figure 19 is a diagram showing a part of a substrate
cutting apparatus capable of cutting the bonded substrate

formed by bonding two substrates.

Figure 20 is a diagram showing lines to be scribed
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Herei nafter, enbodi nents of the present invention
will be described in detail with reference to the
drawi ngs. 1. Substrate cutting apparatus 10 Figure 1
shows the structure of a substrate cutting apparatus
100 according to one enbodi nent of the present MDO026
i nvention. 15 The substrate Ttuttimg apparatus 100
includes a table 31, a guide rail 32, a guide rai
33, _a,slider 34 slider 5, a.qgui de bar 36 and .
BT MRt P g bas g Beed 1n the
substribengustemg apparatus 100 cuts a nother gl ass
substrate 1 in order to manufacture a gl ass substrate
for a liquid crystal display device. The nother gl ass
substrat e IBEST MGREFGh GARRYING @UT2FHEL INVEYTANde
rail 32 and the guide rail 33 are provided in
paral l el on both sides of the table 31. 30 The slider
34 is provilfERigritnr gembedinpptsofdhe paeserd invention
sliger: 3% besstidalld akendithergHederedk 82-thelfA®awings.
slider 35 is provided on the guide rail 33 so MD026 -
18 that the slider 35 is slidable along the guide
rail 33. The dubearat®iattIhg appudasug stator and a
nover. The stator is arranged al ong the guide rai
32. The nover 5 noves along the stator. The |inear
not or 37 slHidped heslsdwsléhe Strvmiuntedft® sube tmaster cutting
al o [ rldoradng 18 LLiRe 8 in d
a S%éﬁ%#gtﬁﬁjé?énﬁﬁﬂg qutgk%r%&Eggﬁgéﬁgeaka?%%gs§esent
t helRjig®™ielarai | 33. The nover 10 noves al ong the
stator. The linear notor 38 slides the slider 35
mounted to the nover alon% the guide rail 33.
The substrate cutting apparatus 100 includes a table
31, a guide rail 32, a guide rail 33, a slider 34, a slider
35, a guide bar 36 and a linear motor 37 and a linear motor

38.
The substrate cutting apparatus 100 cuts a mother
glass substrate 1 in order to manufacture a glass substrate

for a liquid crystal display device.

The mother glass substrate 1 is placed on the table
31.

The guide rail 32 and the guide rail 33 are provided
in parallel on both sides of the table 31. |

The slider 34 is provided on the guide rail 32 so.
- that the slider 34 is slidable along the guide rail 32.

The slider 35 is provided on the'guide rail 33 so
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The guide bar 36 is horizontally bridged between an

upper end portion of the slider 34 and an upper end
portion 15 of the slider 35. The scribing head 20 is
nounted to the guide bar 36 so that the scribing head

20 is slidable along the guide bar 36. The details oMD026
the structure of the scribing head 20 20 will be
described later. The substrate cutting apparatus 100

AL U R i 1

42, a slider sensor 43, controller 25 44, a scribing

head dri vi- r 45 and_a.third driver 47 The

control | er n'gllggfoln S99 BoLRE ??rlsl%g]d'}‘%/sera §tatppeand a mover.
secthd sitatver 4P agmdnged abhond the waidé7ralld Fhe flhrestnover
dri ¥6ve4h19huEeR L Pl nedh ' G -
with tﬁe contr o % %%e'co%ﬁgﬁééﬁgiﬁﬁgEﬁgs%%%%%%gﬁeSllder
dri 9érmayngedved e mevRaralandrtizg dulde gevidaride

with the control by the controller 44. NMDO26 - 19

The slider sensor 43 is provided in a neighborhood of

the guide rEt¢ 139eamBolprgR Wrdle s gketeranda mover.

ggs"glﬁé ngta)ffoaf hies &(hj:b:dﬁg_eagamgftkfé i%gﬁﬁgleoﬁaﬂlgiﬁ de Mm@l hover
an ut s data indicatjng the detected position,

Lo TRESS AR At Tha Pert PibAh hoEr™ 9 SRR ER G Lider
scri3bhimguiread o i thergnowmt arloty itheagadddanraa 1Wiash t he
control by the controller 10 44. The scribing head
driving notor 45 is provided on the slider 34. The

scri bi ng hédwe duildenkpmsitol s 4B migatted 1yabhafifed dredween an

46. ughler $4/d Bb29:BRAE IQTRY 85ek 0F4 BHACEL ! Ypdor ¥ Bortion
! PR et

the gui de bar 36 in accordance with the rot

t hePhathe seleienea3s.

, The scribing head 20 is mounted to the guide bar 36
so that the scribing head 20 is slidable along the guide
.bar 36. The details of the structure of the scribing head
20 will be described later.

The substrate cutting apparatus 100 further includes
a control section. The control section includes a first
driver 41, a second driver 42, a slider sensor 43, controller

44,_ a _scribing head driving motor 45 and a third driver 47.

The controller 44 controls the first driver 41, the

second driver 42 and the third driver 47.

The first driver 41 drives the linear motor 37 in
accordance with the control by the controller 44. The second
driver 42 drives the linear motor 38 in accordance with the

_' control by the controller 44.
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Fi gure 2A shows a front of the scribing head 20.

Fi gure 2B shows a bottom of the scribing head 20. 20

The scribing head 20 includes a head main body section

22, a bearing case 26, a blocking axis 25, a cutter

hol der 27, scribing cutter 21, a energizing neans 30MD026&
and a vertical crack extendi Ad§ nmeans. The details of

the vertical crack 25 extending neans will be

descri bed later. The head main body section 22

includes a spindle 23, which is horizontally inserted

t hr ough thE!I'Hm&d.i%irﬂsbﬂﬁlcyrfﬁf&%hpggﬁide@ﬁ?”x a heaghbB@rhood
24. ess.portio i s for in_ a |ower rt

of ?€é£ﬁea8uﬁ§?nrgégy330rt?%% v ?d?ﬁesﬁﬁﬁ?ang GEEECE% the
i s Recbmadatfedhen stiidere84sshpolt b9 . onllze ghlidekiradl 32
axi [ Vj Mmif.hjn .t he ad _mai n 26..: 20
odyr Syt Tabre e iat] et hde e BeRie B8 10R ko the
bea?PHgrehber 26t r ot at es around the axis of the

spindle 23 within the range which is bl ocked by the

bl ocking 5 axis 25. An end portion of the bearing _
case 26 is Bnhetrddriyert? dyigsctizs sgrdbing haatedriving
endngyst i4% i9f abberbeackngi i agte 28dtsdiNpgORhaCtoMtEb11er
t he glocking axis 25. The bearing case 26 holds the
cut®r hol der 27 so that the cutter holder 27 is
rotatable to the bearing case 26. 10 The cutter hol der

27 includ tter hold i n.bod i on 27a_and
2 rotary aite 595 Bind bR dPin ROt e 16 afRatica on

t hethseadidgrcade Zhevisgrithdngebead gl28ang mototraBsrotates
ar QuRgh1the halany  axs, 2f iBEE? 3%%E65°h§h9§% PB&ggéécally
grally w e rotary

body portion 27a is formed int
axidstongy thigagirafeaband s oy tisspada@naeo wilh shefmebatdion of

t hanyotaan sHrass gsgubstrate 1. The details of the
cutter holder 27 w |l

Figure 2A shows a front of the scribing head 20.

Figure 2B shows a bottom of the scribing head 20.

The scribinghead 20 includes a head main body section
22, a bearing case 26, a blocking axis 25, a cutter holder
27, scribing cutter 21, a energizing means 30 and a vertical
crack extending means. The details of the vertical crack

extending means will be described later.

. The head main body section 22 includes a spindle 23,
which is horizontally inserted through the head main body
section 22, and a bearing 24. A recess portion 29 is formed
in a lower part of the head main body portion 22.° The bearing

case 26 is accommodated in the recess portion 29.

‘The blocking axis 25 in provided within the head main
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be described later. 20 The energi zing nmeans 30 is

provi

ded in the above the rotary axis 27c. The

energi zing nmeans 30 is, for exanple, an air cylinder.
As the energizing nmeans 30 applies forces to the

bear i

ng case 26, a predetermined load is applied to MDO26

the scribing cutter 21 via thé&%otary axis 27c and the
cutter 25 holder 27. The scribing cutter 21 fornms

SCr

S BRRP BRI 1L PHOL D, T APRORG Adint

cutter or a cutter wheel tip. The scribing 30 cutter

21 is prowiﬁﬁdgte rg; %aﬂ q:o %gdﬁ%g‘?‘%&o

and i s

yaéﬁ.)g Bf the

e cuiter ure

a_ csnﬂawhl,e ?Bewbl_ﬁlla t@@t Jt@rrgerwlhdsh Rsrblrvm:g@ by the blocking
Fi qur & 38 1 SAﬁlCTﬁ'J&oni‘Eféﬁ\h Y& 2nEWd i JPLICE 26 id Bonnected
Figures 3A an

€ sane conponent’s as those In

Fi it dhe ApdRALeE3 aand ddvordfebyep A amiion effeitbgchearing

nunEy < 86 s Thecsiid® whehdfle BIobREAY GRS 225Ut ti9e bear:r.ng
hol der main _body portion_27a and_a rotary axis 27c.

gr SRR BOrebIe CHhteh Fogens ddviimdPati she GuteT hOlder
a |mers partatefbldao el deatdndecagai rebody portion

27a.

The rotary axis 27c which extends upward is

formed in an upper part of the cutter 10 hol der main

body

The
ti @A

porti @he2¢unttéhehallear R7ainslidesis dudlteer holder main

OURIEP R S A0 695520, Y1 22100 05 LIGAZE noraer

ng cutter a cuttier whe
Asamouhbpe of thedbsering Qﬂﬁmt%dvr-@tﬁteith%ﬁmﬁé and

t he-J1Qhlsy a@%hfa &k Wottghrﬁ 4PEs YROVeTR réd%@%%m&}emam

scribing cutter 21 15 is

eld so that the ridge of

bl e @gE TPt Rda sty ifpigd éat?graﬂm%l%rtth%aptﬁay axis
t hee 7 haeti ngl aﬁsaﬁ&mﬂtato@ohal Ebotth® AA-faced offf @Ak mother

VI?%

be

s LRESEELEEINS SHLIET 2L, BLAre BLS 28080 0y

described later.

The energizing means 30 is provided in the above the

rotary axis 27¢. The energizing means 30 is, for example,

an
to

air cylinder. As the energizing means 30 applies forces

the bearing case 26, a predetermined load is applied to

the scribing cutter 21 via the rotary axis 27c and the cutter
holder 27.

The scribing cutter 21 forms scribe lines on the

mother glass substratel. Thescribingcutteris, forexample,

a diamond point cutter or a cutter wheel tip. The scribing

cutter 21 is provided to be rotatable around the rotary axis

19,

and is held by the cutter holder 27.

- Figure 3A is a cutaway view of a cutter holder 27.



20 4Cis an enlarged view of a part ("A" part) of the
scribing cuter 21 shown in Figure 4B. The scribing

cutter 21 is, for exanple, a cutter wheel tip. The

scri bing head 21 shown in Figure 4A-4C is discl osed

25 in Japanese Patent No. 3074143 by the applicant. |MD026
an external circunference faceélof-the wheel (dianeter

_ f, thickness W in a shape of a disc of the scribi ng
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~formng a vertical crack on a britt

cutter 21, a blade edge 21b is provided_qon the rid

of ¥Heuse IR e e ff&wmﬁf@n cpb‘rt&enruBQ%dSEt %Ar d ﬁ“nFégureS
shape &id @H V'the Bamebbafipordfes 24d Hrassaniwhtitiges 24 and

angl e. Apluralijtyaf protrusions whi chpr ot r ydes
Ut A RrRted Sy IR (o) R e d R
formed on the bl ade edge 21b by form ng grooves on

the ridge pﬁ{t | %[&t%tr ﬁhfdg;rl: 1ncg.edesT$ectPtJéJE€:al otl¥it=_9cf main
0]

protrusions |- Ras a si'ze on the or m croneters
andb@@mrmr’tblevrr edegrinded wPthry mxhakdlc eyd greovgeportion

SCr b Neh £t to‘iJen?sl ARFRwArYCL ¥ Pbﬂﬁe?aﬁ?bé llc;%r ‘i)fart of the

e materi al
subStt e bldey maife begyhepriians2tabs i eobpry axgs 27¢

t hewﬂi:llhl@ E&Q%ﬁdsdﬁ vsa::_td 98 frid¥eiRrdr hppe Bl LF ak the cutter
10 a vertjcal crack wth

subst te. Acc i n a

radan 8 Yfg?%%ﬁon MiFeovEhe TPhavB RS el 167 held
cr aﬁdxﬁate[blﬂ‘le)jﬁﬂ;ﬂ'ﬂez tbataahng‘l £&SE1 DO wﬂ:i.a)nigie theniSing @82 The
of the. brlttl & 4 g substra g can % respra' n%d. .
05 Sreehld et J5otnaraRySr o RuttaberraRL €l in a
cutshame oapmdnaCUSlawumgdbE@tamm iabeding the rotary axis
ref £ GNGE, 40 t@egﬁE%%vezﬁbEg§on32A7bSB’T sci30d08 direger 21

The structure of “the sc head’ |nc
subst hetld gatthaly ‘fé@pandgasoflct@a blpge ¢cﬂmtcéi:| the shgibing

of cdtie 531 KNG d188taA0to the mother glass substrate 1.

Figure 4A is a front view of the scribing cutter 21.
Figure 4B is a side view of the scribing cutter 21. Figure
4C is an enlarged view of a part {("A" part) of the scribing

cuter 21 shown in Figure 4B.

The scribing cutter 21is, forexample, a cutter wheel
tip. The scribing head 21 shown in Figure 4A-4C is disclosed

~in Japanese Patent No. 3074143 by the applicant.

In an external circumference face of the wheel
(diémeter £, thickness W) in a shape of a disc of the scribing.

- cutter 21, a blade edge 21b is provided on the ridgé of the
blade edge 2l1la which protrudes outward in a shape of a "V".

The blade edge 21b has an obtuse angle.

: Apluralityof proi:rusions 3. whichprotrudes outward
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Hereafter, a structure of a scribing head 65 wll be
descri bed. The structure of the scribing head 65 is

25 different fromthat of the scribing head 20. Figure

5A is a side view of the scribing head 65. Figure 5B

is afront view of main parts of the scribing head MP026
65. 30 The scribing head 65 1 &} udes a pair of side

walls 65a, a servo notor 65b, a hol der hoIding

asse y 65cC, SRI d, .an_axi s_65e, bi n

ot Phph o preged el aiiguech 1308 inRact s Rinag Cbe 210
pai byofofthiig tm:\oeive@eanstlﬁéfrldaee peattiennpfothé€ldde edge.
hel te enS|on betme th

pai b BRELIYEY | 6F FtueTons SARARZL 20, 28 JF RS Brcer of
of ISJLGEOMBt¢SS6®a¢ ¢¢m1¢1blltﬁen:duﬂgilwdas'8!dﬂblt91665@,ked eye.
whi ch has a shape of L viewed froma side, is provided
rotatably around the spindle 65d. The cutter hol der

62b supportBhe Residding fgtéert é1 has sZeernthdidbloppablility

- ar oaﬁctdﬂmr@hsv@é@lcarmr%kt&n Aﬁ%@ghé&patéﬁ@m%%@mte

in front art é .,. the right-hand side in %gég

5B b ¥he lh%’roﬁlr?g‘ssc\s%’é’r?dﬁﬁ%& PO PG kness

65bd:aﬁl¢@gi<sn tc:Iethatlﬂfimd pageeial sdbstrerser wecwidanhgly,
i at.e SpQnNsi v a e.in

oo BB s LR AN K i aCp PR i b s tSa.  Moreover,

r estls¢ anmeirfeorare ofhatadke iscthbi hgrizdteal Glrection along

rec e t 5SS
scr é’ %u%%& hc?? mghe pbeﬁlrQJ 5 xﬁgpﬁ:_{%i Juqsstreaétres can be
65fr¢%tﬁﬂ1%@¢ed to the rotary axis of the servo notor

65b and the other of the pair of the flat bevel gears

65f is attached to the spindle 65d so that the pair

of the fl atle?er@w%%@?Oéﬁg&géeéaﬂéhth%ﬁﬁbﬁtrqhwuttlng

as dpEaSLrv 100 AhsM el e ddribRd H19¢h reference to Figures
'2A, 2B, 3A, 3B, 4A, 4B and 4C.

The structure of the scribing head included ih the
substrate cutting apparatus 100 is not limited to that of
the scribing head 20. |

Hereafter, a structure of a scribing head 65 will
be described. " The structure of the scxribing head 65 ig

different from that of the scribing head 20.

Figure 5A is a s:i.de view of the scribing head 65.
F:Lgure 5B is a front view of main parts of the scrlblng head
65.

The scribing head 65 includes a pair of side walls
65a, a servo motor 65b, a holder holding assembly 65c, a

- spindle 654, an axis 65e, a scribing cutter 62a, a cutter
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25 ward/reverse direction, the hol der hol ding assenbly

65¢c noves up and down with the spindle 65d as pivot.

As a result, the scribing cutter 62a noves up and

down with respect to the surface of the nother gl ass
substrate 1. 30 Figure 6 is a front view of a scribi ngib026
head 66 which is another exanpse-of a scribing head

using a servo notor. |In Figure 6, the same conponents

as those in Figures MD026 - 24 5A and 5B are denoted

by PRAdexné2Pepbfepckaklingf of 52t dpeivel heeales cd3Ht i on
thereof will be omtted. As shown in Figure 6, the

rotary axis_of the servo 5 notor 65b of the scribin

head 66 is GIPet®IXP BEHRECERR kHhetfelhAdrvREEaARLate of
assenbp¢neion hetwedi ahe pheroperadldoOnsam s 6l5a. In a lower

scribin ads_65 _and. 66 w Il be described.in._detai

o t ROFSa BRE Bart of fioee thp o5A” i BRi et nrlaffa desennly
scr bBbengwhiell haGb aasblapé off Lveithedserom ameide, LElpravided
a posktionkng 0 i bing cutter 62a

IS %ébéggg%gaﬁggg%amL%%Féﬁé?%ﬂ%eé%%éitioned

accordingly. 15 During a scribing step in which

scribing |iggs Afiterd RHIRL: Wbt N t8LbaSSribing cutt
substrate 1 by the scribi ng heads%d %6, Fiblng cutter

ser §82nbPbrtaBhy gurrimgd ddeq akdsabpen t Beguatisy drodgler 62b

to istuointbe S6ra birghicder G2 10 dHe IgHH-PRinld) s4@e in
set 905|t|on mhen?tn$ osi tion. of the scr!bln cutter
62a" tABTEs P HWAY Frometenh it Aesibh @3 servo

notor 65b_  The driving control section of the servo

not or 65b Qﬁqtrols the rotation taqrg so that the
rotation torqué < JosMREPT &3k 2 chsetég\?aFﬁéégﬁ‘ﬁ%qorque of
conthel $edve giaitdoSboiguedist2byt raspontied t® & khange in

cutipr S\M}%.%Iin @sss&esfialse_ﬂ% Pﬁgsfs.l#{cecuaftqrontgleresistance
not her gI ass strate 1. at 1's, the servo notor
force that the scribing cutter 62a receives when the mother

glass substrate 1 is scribed.

One of the pair of the flat bevel gears 65f is attached
to the rotary axis of the servo motor 65b and the other of
the pair of the flat bevel gears 65f is attached to the spindle
65d so that the pair of the flat bevel gears 65f engage each
other. Thus, as the servo motor rotates in the for-
w&rd/reverse direction, theholderholdingassembly 65¢moves
up and down with the spindle 65d as pivot. As a result, the
scribing cutter 62a moves up and down with respect to the

surface of the mother glass substrate 1.

Figure 6 is a front view of a scribing head 66 which

is another example of a scribing-head using a servo motor.

-In Fj.gure 6, th_e same compenents as those in Figures
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65b applies a force, which presses the nother gl ass
substrate 1, to the scribing cutter 62a, as well as
controlling the position of the cutter wheel 62a in a
per pendi cul ar direction. 30 The scribing heads 65 and

66 include a servo notor 65b. Thus, the scribing MDO26
heads 65 and 66 can adjust thel4rotation torque of the
servo notor 65b i mredi ately responsive MD026 - 25 to

a change.inL the scribing pressure based on the

1 ooB R ol ‘e PEbRLedorY FRRLErR s terrss momegals. and
cut tee 6Qacriptivestherssf twiel Tddasmiitass. substrate 1

is scribed. As a result, a stable scribing is

performed to formscribe lines with 5 high quality.
Fi gure 7 shwsshewreini Eafure aek the endiamy apdsmof the servo

| NChoEEH 48b BETLOL D0 DA elha 66D 4E BILESLTY dflfiected to
same conponents as those Tn Figures 1 an are
dentRedrpydenhatdsmme ssmrlsn&S quneral s, and the
description thereof will be omtted. The scribing

head 20" is provided on the guide bar_ 36 and al so
functions aF%LAEH MRt LPRT G bheagkeFEPing hegdls 65

notdred 6§l wss1 Behaksat ehdd iA abeam genel akiFageABR X AFE§ures
52 i asﬁ/eéﬁécé"' crack extendi ng neans. The steam
generating apparatus 52 generates steam as neans for
breaki ng the nother glass 20 substrate 1. The stream

generating t rtical. ,crack
ext endi ng f}?sg?nﬁ‘%%é:liég?%ge I |c?1se%?’na?ﬁ?1§6t%]f%‘f<eng§§ servomotor
di reed? ii@dnaoposhbipmitecoyitassl swdstr bhe dgrihimgprayitey 62a
st eaMigy ANt h@r HchinP&ol BRe% of fMed<af Hh i

gl ass substﬁgie 1. The gpfayeg sFggwfggékaganEQSEdlngly'
tenperature sufficient to expand the nother glass

substrate buring a scribing step in which scribing lines are
formed on the mother glass substrate 1 by the scribing heads
65 and 66, the servo motor 65b generates a rotation torque
in order to return the scribing cutter 62a to the originally
set position when the position of the scribing cutter 62a
moves away from the position preset in the servo motor 65b.
The driving control section of the servo motor 65b controls
the rotation torgue so that. the rotation torque does not
exceed a set value. The controlled rotation torque is
transmitted to the cutter wheel 62a as a scribing pressure
‘for the mother glass substrate 1. That is, the servo motor
65b applies a force, which pressés the mother glass substrate
"1, to the scribing cutter 62a, as well as controlling the

positionof the cutterwheel 62a in a perpendicular direction.

The scribing heads 65 and 66 include a servo motor
65b. Thus, the scribing heads 65 and 66 can adjust the

rotation torque of the sexrvomotor 65b immediately responsive
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The steam generating apparatus52 includes a mai n body

30 portion 52a, a flexible hose 52b for passing steam
through a nozzle head 52c integrally nounted to the
cutter holder 27 for holding the scribing cutter 21

and a nozzle portion 52d for spraying the steam MD026
downward. MD026 - 26 The mai4b body portion 52a is
nmounted to a head nmain body portion 22. 5 One end

porilon of the hose 52h i s provided to the nmain_body

por £ 58229 Hietit ﬁ&FlBﬁagp;Uf&ﬁ T eoP25ed Oothe Zaugthat ion
conoectest ¢ tande ﬂ'txlt:ﬂ'el ehhﬁadEEZchI&en@Qiiﬂ&}ﬁdm $deeives
i's t n ra with the cutter e

ar oﬁﬁégtiﬁj a>‘<3tt§gl n? %"’ste et adis gcﬁ &‘Frlb?’ e o‘%‘ﬁ& result,
endap@t@bbﬂ $¢riWEnguﬁﬁaﬂﬁﬁfqnmeﬂmﬁmedmmm tsertibe lines with
nozgl so as to be circled. A nozzle portion

52d Ts prov din a lower part of the nozzle head

52c. 15 In the nozzle portion 52d, a steam spray

opening is Fi§&ﬂ?d7'@h@w§h§p€e9£1c Qrcfé PL&+te ding means
acircle, ellipse, rectangle, _or s e nozzP

por P oHigeY L ayscEting dmad (3R] scﬂmbglgEGeﬁlﬁesthe same

f or s@flp hyeri e aESCH:hblseglﬁ UtiQired 1S@na82k0af€<’z\ierkh%d by the
scri be Ilgfs. Flgure ihoms another exanpl e of the
ver TPt g Ce BRAPHG - nRaf sthoslegerdphien Ahergafevill

8, hémpmntﬁﬁdgeneratlng device 52 may include a

scri bing head and a nozzle unit 53 separated fromthe
scri bing head, instead of the structure that the

st eam generldtd sgrdbingeh&2d i deedromifdbe @cribe ggide bar

h .
eagy %@.dzglsbnfulggﬁgo@sn%sngggkgﬁggﬁ%'nage @Ls(.él_%;at-c reaking

Figure 7). Then unit ura

nozZZ%e T?ﬂ)’frftqlbr%lé"?Zd supgdrate 1.

A stean;generating apparatus 52 is a vertical crack
exXxtending means. The steam generating apparatus 52
generates steam as means for breaking the mother glass

substrate 1.

The stream generating apparatus 52 makes vertical
crack extendihg from the scribe line in the thickness
direction of the mother'glass substrate 1, by spraying steam
onto the scribe lines formed on the mother glass substrate
1. The sprayed steam has a temperature sufficient to expand

~the mother glass substrate 1.

Thesteamgeneratingapparatusszincludesamainbody

portion 52a, a flexible hose 52b for passing steam through

' a nozzle head 52c¢ integrally mounted to the cutter holder
‘27 for holding the scribing cutter 21 and a nozile portioﬁ

.52d for spraying the steam downward.
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nozzle unit 53 is provided on the guide bar 36. Wth

the guide bar 36 being noved in the Y direction,

steamis sprayed MD026 - 27 onto the surface of the

not her gl ass substrate 1 on which the scribe |ines

have been forned. A nenber having a slit has been MDO26
formed in the steam 5 sprayi &f opening in the Y

direction shown in Figure 8 nay be provided instead

of the nozzle unit nmentioned above. According to the
substrate cutting apparatus of the present invention,

st eam whi cn'hehamia beﬁpe;rcaiﬂjrcm sahfigineninteltb® head main

gﬁﬂgyh%?% is sprayed onto the scribe lines
er glass substrate Thi s extends the
vertlcal cracks fromthe scribe lines in the

thi ckness Qirfee“etn'doﬂo%lof. Z&-i%%%@teeszﬂﬁlgg?rlo%&%%@ to the

sprayed onto the vertica avi ng ngs on
t hadiH ot nftdionebdas p'l‘elhfétqﬁteers et d)qntéonveift tbal hose

cragies hledtha:€aPidd ane RRANZAERRRg B . penetrated
liquidis expanded (cubical expansion). Thus, the

vertical cracks are extended to a back surface of the
20 not her grassosubstiied® sbe Euri-bﬁﬁﬁ@delnﬁﬁgzﬁ‘dﬂlty R4th the

i he head ud ) i
o AT, 2 BrgRER PRSI St g i Pds e rifon
a |THeentheameinds peattioh sfetine hdwe ZRiscrd kiongebead 20 the
T d NG o 63800 WELS BLOLs LOL 4! VIAG o IISLULEs on 524

Thus, vertical cracks can bé éx

di Fecavigied He subomeat @awtt h@utthnzechamleahbyd 52c
applying 30 a bending nonent al ong the scribe |ines.

As a result, the substrate can be cut by easily

breaki ng t i@ EhBd19zale aPSRdoRHERAcH BEeRMRPTERY PhaRing is

chifepinR@ciMB@BEpe of, for example, acircle, ellipse, rectangle,

or slit.

The nozzle;porfion 52d sprays steam onto the scribe
lines formed by the scribing cutter 21 so as to heat the

scribe lines.

Figure 8 shows another example of the vertical crack

extending means.

As shown in Figure 8, the steam generatlng device

‘52 may 1nclude a scribing head and a nozzle unit 53 separated
from the scrlblng head, instead of the structure that the
steam generating device 52 included in the scribing head
‘_20'includesonenozzleportionszd(seeFigure?). The nozzle
unit 53 includes a plurality of nozzle portions 52d. The
nozzle unit 53 is provided on the guide bar 36. With the

‘guide bar 36 being moved in the Y direction, steam is sprayed -
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28 do not occur in the substrate due to conpeting

nmotion of the substrates. In the exanples shown in

Figures 1, 2A, 3B and 7, 5 the scribing cutter 21

functions as a "scribe line formng neans for fornin%

scribe lines on a substrate". The steam generating D

devi ce functions as a "breakTﬁﬁ7neans for breaking

the substrate along the scribe lines". The nozzIe

porango té d ff%‘é Qst 2 %n eXte d ng rate 1 5& which
making a very Ferat SfromtHe ser

I|nehenschebehlmkﬂessavdlh@ﬁn|inrmﬂdsubstrate by

spraying a heated fluid onto the scribe |lines forned

on the substrate, the heated fluid having a

t enper at ur eA sigfiey] Baving a&ldd brpdetmiogmeghin the steam

3Ub§ g GEWEME inCRRE QRSN Rebydedni Middie 8, may

subs e cuttlng 15 apparatus of the present

i nv%ﬁtP%ﬂV+§eﬁo%n?FW@ f tHhe mez 2 piHentiendHioned gbove.

Figures 1, 2A, 3B and 7. As Iong as each conponent

i ncluded in_the ubs ing a ratus _func | ons

15 the. aboREHEFIFERER Ui FRHS tr a8 e HEE i APRYTRLUROE the

forpfemamngnaea¢ﬁbhedtaam(mmfcshbs&raémﬁerabmeakumglclent

me f b Kin ubs rate al o the SCri .

Iiﬁ%§ %}?Pﬁanc{ex en nésr%grfg%ns or Praﬁff’ngg% ver |caSI;|!'ﬁ‘:lbe %lnes

ext@mmﬁhg;ﬁqﬁhﬁntni&aersbestrneeln TﬁmstdntﬂW@ésihe vertical

d'rggé ﬁglf %%Q§EFf£ﬁe fﬁhéﬂj QY%H f?ﬁé%%1aﬂ£éétlon of

onto the scrl e 25 [t ne fornmed on t trate

heat®®l $YRsErHE®ing a tenperature suff|C|ent to. cause

expansi on of the substrate, each conponent can have

an arbitrary structure. The vertical crack extending

nmeans nent i OHed HEGy EPT3EeAsoRbe T??n?%ﬁf%Q?¥mﬂ§a&§FnBaV1“9

st espenhdeadedtHd Wrlleaan Hanidishidtass pRPeaFatbshagta the
tenperature suffi The

cient to expa ubstr
ot t AT o Shar e Bhey Yk cer iRy Wetonkfigr. e
or Ias-,né’rtmbbd Aciqudichg sseepanded hotbivdErexpMiGdGn). Thus,
the vertical cracks are extended to a back_surface of the

mother glass substrate 1.

Furthermore, as ocutting assisting means, the

‘scribing head may include a laser oscillator for heating
the scribing lines using a laser beam instead of steam. The

- gcribing head 20 may include a laser oscillator for drying

moisture.

Thus, verticalcrackscanbeextendedin the thickness
direction of the substrate without mechanically applying

a bending moment along the scribe lines.

As a result, the substrate can be cut by easily

breaking the substratealongthe scribe line so that chippings



- 29 2. Substrate cutting nethod Figure 9 is a

flowchart showi ng a procedure for 5 cutting the

substrate according to one enbodi nent of the present

i nvention. Hereinafter, a procedure for cutting the

mot her glass substrate 1 by the substrate cutting MD026
apparatus 100 will be 10 desctfbed step by step. The
procedure for cutting the not her gl ass substrate 1 by

the u r utti s 100 |ncludes a

scrf |lﬁélt 8‘%‘3‘6’961%% &9% ﬁ@autsﬁ e‘% fERedApy, mghion of
i ni thal sebstrages15 step is performed Step 501: The
initial setting step is performed. The initial

setting step is a step for setting an initial state

of the substhdfke @nanpdgsagparat is Hogubes$ ok e 2%he 3B and 7,

sCr iRk g 20h SiER Ut 3t 2ht BncORIA |3 &f "%QEJJBQ'lt i@l Forming

- setting step wll be described below. After the
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i ni PRATS kY iEaFmeiing SPELPENI IR] Ot BeSUBFbEaE]” - The steam

pr O@éﬁ?ﬁatﬂgﬁﬁ%ﬁaﬁ@&un&ﬁ: 1311%!1&5592%::-5]31@;1?@ ﬂte%ﬁrﬁ:g? &t BReaking
ertor.ne e SCr tLe IS a_ste or Qrm n

° <BPF R T ohn i St d hBe b e dinelie: r Hhe Tpe Arapostion

detmdl sftnfcttim1$<ars| hnn'gextapilrvg Weahs deschalbath kelewtical

30 éié. t D{%e go%% I S fl ni)Sh%_d t he pﬁ.ﬁ%e%ﬁlckness

proceestos Ste
br edkregtser su‘petretﬁedzy $heaybngaa<|hegxtsaﬁeplm3d anto the

st egctﬂs a&ﬁa@f&rié@omtﬂteéu@%@é%éU*aﬁgfn%taetedlfﬁtﬁ{‘ﬁaving
th escrl 1T ne. The details o e breakin
a temperature sufficient to cause expansion of the substrate .
However, each component included in the substrate cutting
apparatus of the present invention is not limited to the

components shown in Figures 1, 2A, 3B and 7.

As long as each compone‘rit included in the substrate -
cutting apparatus functions as the above-mentioned "scribe
line forming means for forming a scribe line on a substrate”,
"breaking means for breaking the substrate along the scribe
line" and "extending means for making a vertical crack
extending from the scribe line in the thickness direction
of substrate, by spraying a heated fluid onto the scribe
line formed on the substrate,' the heated fluid having a
temperature sufficient to cause expansion of the substrate,

each component can have an arbitrary structure.

The vertical crack extending means mentioned above
is not limited to one using steam. A heated fluid'can_ be
used as long as it has a temperature sufficient to expand
a substrate. The heated fluid may be, for example, steam,

~hot water, or a fluid including steam and hot water.
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will be described below 5 After the breaking step is

finished, the process is termnated. 2-1. Initia

setting step 10 Hereinafter, the details of the

initial setting step (step 501) will be described. As

preparation work for scribing the nother glass 15  MD026

substrate 1, the pressure of-cd%pressed air to be put

into an air cylinder provided inside the head main

body portion 22 is set based on various conditions

for scribing the nother glass substrate 1 (e.g., the

thi ckness, putsuabatrate életing keeiiod he not her gl ass

substrate). Based on the setting, 20 the scribing

cutter 21 presses the nother glass substrate 1 with a

predeterninEﬂgtDad9 At ah&tlowchertt lsbobday agprasedure for
c ' ied. I (A

ot ShELtRETEnd ARERELEe ARRLGEELRY, {0 ot bl HR: of the

ant pteserti sBvehtéenrion and cones into contact with

the bl ocking axis 25. 25 Next, a zero point detecting

step is perforned. In the zero point detecting step,

t he positi dievéinsbtenr dpcecedhref@mmtthemgtizasyother glass

sub [ t

of Theoreehet ‘ﬁi&?&%ﬁ%ﬁ?ﬁ%‘é@ﬁ% A aBbaFIfug {4F AL be

nnvﬂﬂ@CFHBeécﬁ ePnBY heb®P 20 al ong a direction vertica

to the mother glass substrate 1. In the zero point

det ecting the scrl 20 1|

noved toma§£ a 5858 ron A& ovépﬁﬁe suFﬁ?E?%ﬁg%%%SSU%Strate

ot héry thé s sutsdte avbting Ngparadusctédinglhded a scribing

Up%{%daguo %&a}@%@&'%t@%"t DM JINES LRE SO BB tting

wnwar d
step is performed

Step 501: The initial settingstepis performed. The
initial setting step is a step for setting an initial state
of the substrate cutting apparatus 100 before the scribing
step is started. Details of the initial setting step will

be described below.

After the initial setting step is finished, the

process proceeds to step 502.

Step 502: The scribing step is performed; The

‘ scribing step is a step for forming a scribe line on the

mother glass substrate 1. The details of the scribing step
will be described below. | '

After the scribing step is finished, the process

proceeds to step 503.
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| ow speed along a vertical direction of the surface of

the 5 nother glass substrate 1. As a result, when the
scribing cutter 21 is in contact with the nother

gl ass substrate 1 and the bearing case 26 is spaced

apart fromthe blocking axis 25, a position detecti oMD026
mechani sm of the scribing head0 upwar d/ downward neans
detects the position of the scribing 10 head 20. The

zero point detection data indicating the detected

data is wiftem PABo Mbeotdienkimsarstemcisidpdriarmefie The
COmbED %ﬂcfﬁg gltgrf 5y s vey fo%%eé%&%gp&iermoﬁ%élegiagg s8b8Prate

or ne he zero point detection is
IQ&QRH'Wﬁ%Sc§ébﬁb#h@6heéﬁ“ﬁﬁﬁﬁﬁéﬂéoﬂﬁ“ﬁﬁﬁbﬁ@&ﬁéng step
nDV§§11h@esgég@fﬂge@q&QMNZO upward to a predeterm ned
wai ting position (e. g. , a waiting position above
the surface of the nother glass substrate 1) 20 In
the subst r ad&t ewtthienr epiptr atskepldd, f inkishegt. heke npasss is
% AL # o4S positioned on the table 31 and fixed
to t abl e 31. \Wen the nother gl ass substrate 1 is
fixed on the table 31, a zero p0|nt detection is
performed ( tect t e surface position
of the not hierlegIIarétgt:L gLub %J&Iqlec"olgfc rs perfornmed after
the scribing head 20 is noved to the waiting position

above the Suface Ofel h@hg@étﬁgrllglcﬂ.s%he%.'i’ﬁsttlraﬁt&tltﬁ'@step
is further noved downward. The scribing head is noved

upwet R 0> hk wikll iRy Foribat-and noved al ong the 30
line to be scribed so that the scrlblng cutter 21 is
arranged in a positign in a ng hbornﬁ}d of the

out si de of he §§é°noW°Fﬁe tFrert ’5%§h§UF§FP§FeglaSS
1. Atbdheaposditithe, pthgs@f@d:& cﬁ)d@)&'e@fseﬂhﬂlﬁcfcb engut into

cutter .21 i ved d.to M02
0. 1Ilaﬁ;'c§iin% fPEﬁY%n uﬁﬁgF'§hr ace o&'?ﬁL %opﬁ'Fortlon
gl &2 is set based on various conditions for scribing the mother

glass substrate 1 (e.g., the thickness, material and the
like of the mother glass substrate). Based on the setting,
the scribing cutter 21 presses the mother glass substrate
1 with a predetermined load. At that time, the bearing case
26, to which a force is applied by the air cyliﬁder, rotates
around the axis of the spindle23inananticlockwisedirection

and comes into contact with the blocking axis 25.

Next, a zero point detecting step is performed. In
‘the zero point detecting step, the position of the surface
of the mother glass substrate 1 is detected. The position
of the surface of the mother glass substrate 1 is necessary
for moving the scribing head 20 aloﬁg‘ a direction Vertical :

to the mother glass substrate 1.

In the zero point detecting step, the scribing head
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substrate 1. Alignment marks are taken by a pair of
caneras, which 5 are not shown, during the tine after
the nother glass substrate 1 is positioned on the
table 31 and before the scribing is started for the
nmot her gl ass substrate 1. At |east two alignnent MDO26
marks are provided on the nothdk gyl ass substrate 1.
10 Based on the inmage of the alignnment narks taken, an
for exanple

rocessing device wn
pondP A% BSURE T Fo e R omt PAG (R ek T GmOE the mother
reggﬂ.dsagsmhstm@er gbass aubstivimey heald uBaraed/annward

th f t he ther

sugs § %ﬁ?%ﬁpgn 14 regar&“ﬁbq? 5?%‘?§| dgwnward at
t helwmmﬁ:dt @,104]4; eaveut ktak d:trecangineo@f théesumfidiey of the
gl %ﬁéthéﬁbgiéﬂ %Jbﬁ'\.‘ﬁlg}:e" Q.Spegg: % 1:—3 an{%'CHwI the scrlblng

di rection al ong e gui de Tai posSIti on
of ‘Fﬂ*ét@ﬁdz% uks dde contachevibhhbhe grakthes Wassasebstrate 1

t heaa i & HBdHAi g cmlecbs {Bes S5ELRI A}h S f%tow t8d BYocking

t he scrlblng cutter 2-2. Scribing st%£

Her @Fh&fder Pc%eltd@e‘a%%e%#l%@egeﬁ%ﬁﬁ@ the S(C:;%J@&ng head

5021)pwahﬁ/@@mdmfa mia?gls El"éﬁeh%ﬁé Ih tmé(;gof@e.@doﬁ%ft schrésogeellblng

toa |on n a nej r hood, o he outsj de

t he'® g rfad8® ofzetrﬁ’eqﬁff%e de ke 413 ol R Ja?%ﬁ’gng the

t hedétoeted deetas drsi bedltm/ancilnads erge@seing aieanize inpLDEEd in
33 . Next, the,sgc ng .

reooy it e i oot soe R TEar el tpgester

cutterpewketmedp 21 is pressed and

When the zero point detection is completed, the
scribing head upward/downward means moves the scribing head
20 upward to apredeterminedwaitingposition (e.g., awaiting
position above the surface of the mother glass substrate
1).

In the substrate cutting apparatus 100, the mother
glass substrate 1 is positioned on the table 31 and fixed
to the table 31. When the mother glass substrate 1 is fixed
on the table 31, a zero point detection is performed (i.e.,
detection of the surface position of the mother glass
substrate 1) is performed after the scribing head 20 is moved
to the waiting position above the surface of the mother glass

' substrate 1 and is further moved downwérd. The scribing head
is moved upward to the waiting position and moved along the
"line to be scribed so that the scribing cutter 21 is arranged
~in a position in a neighborhood of the ocutside of end surface
of the mother glass substrate 1. At the position, the blade

edge of the scribing cutter 21 is moved downward to a position
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rotated on the nother glass substrate 1 so that scribe
lines are fornmed. 5 The bl ade edge of the scribing

cutter 21 is noved downward to a position O0.1m0.2mm
fromthe upper surface of the nother glass substrate

1. Then, the controller 44 outputs an instruction toMbP02é
the third driver 47 to drive th& 10 scribing head

driving nmotor 45. In response to the driving the

Scrlbi heag ngVIn notor 45, the scribing head,k20

movlel AP e B HECB-A™ SBPSmSUrEare ok i Mp Lisg alass
IS sﬁbﬁtf&ﬂefbr the not her gl ass substrate 1. 15 Next,

the i mage processi ng device nentioned above processes

the i mage data of the alignnment marks taken, and

sends the pM@ﬂﬂﬂMﬁhtMBUk$ateﬁﬂkﬁmhmammﬁnﬂﬁWhmﬂraé which

the :l:é gg§tsrh%§ﬂ% Qﬁiefigr[}? e@@@fngt E]f%rﬁg{ gag %b%grate

is s al ong 't bar
35 hris 0 siddpacd eal 91113{01@@1%ﬂngﬂﬂhbe@@r@éih%lﬂ@l%ng is

- ands83-efat bk thBeme@RkLOlh1886t 'sQl‘Bs%lr'a%nit €Sat least two

position di spl acenent fron1 the standard fi xed
posttigrment mark ke PEPaided s ths Bothepsliagogugstrate
andyfi xed on the table 31. As a result, the scribing
cutter 21 is pressed and rotated al ong the strai ght 25
line to be scribed in the predetermned Y direction.

Thus, the Bagddiongtihetinedid afrﬂieraﬁe@nmnama;fkds Haden, an

by t oI tion er or ned
oY ASSERR USR8 ALIE0, (DTl PEChOEdy M  gonerates
then@m¢knqﬂﬂaﬂarwndxpaﬂ;ngnmﬂﬁarmaxiomheegamdénbathGmother

i s fpyed éﬁb&{f%ﬁ%fﬂrectlon and the scribing 30 head

20 17s noved int Y direction. Wen the scribing is
performed in the X direction along the guide rails 32

and 33, thesfzd 19l k8 AfmeakcUbates MO8 ze o4 thkhRother

scribing direction and the position of the end surface
glass substrate 1 and the data regarding the patterning,

the controller 44 calculates the angle of the mother glassg
substrate 1 with respect to the scribing direction along
the guide rail 36 and the position of the end surface of
the mother glass substrate 1 in the Y direction in which

the scribing is started by the scribing cutter 21.
2-2. Scribing step

- Hereinafter, the details of the scribing step (step
502) will be described.

The scribing head 20 is moved to a position in a
neighborheood of the cutside of the end surface of the mother
' glass substrate along the line to be scribed which are preset

on the mother glass substrate 1.
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of the nother glass substrate in the X direction in

which the scribing is started by the scribing cutter

21. The scribing cutter 21 is pressed and rotated -

along the straight 5 1ine to be scribed in the
predetermined X direction by the Ilinear interpolatioMP026
nmenti oned above. The scribing3utter 21 is held

rotatably around the rotary axis 27c in the bearing

case 26 via_the bearing 10 Thus, the npther gl ass

substrate Ny E@%EPFBBH“%W%Q&?& h§ e d’tlaﬁqgnﬁhe line
t hetscié t&crnglmtt tad &h@ldmge& phedat eng Glestﬁéeded and

curyve, o t her subs 1..Figure, 10 s

o EsAhed 25 Rt el 5l S8 ARDER A 1S LA bR Sk e Tanes
not dmes: @pzmsdsubstrate 1, used in the scribing step
accordi ng to one enbodi nent of the present invention.

The lines to be scribed are preset on the nother glass
substrat e Tho btllsgle £dgr siibthe aesilvay smitter 21 is moved

mrﬁ’é@%é&?@%‘ %055539185160 "P&uﬁ% ﬂh@%&#%@ ﬂbﬁe} surface

The not her gl ass substrate 1 has a shape
r ec@aridie mo gdiser arbstraterls hdhesur t@&b@?iﬂareéler 14

| & QiEpard 308 stirQctY8nCRd WHRS tali eAdatieet AMPidddirAde the
direction of the_.npther 254% ass substrate 1. The fQur

sulb¥trHhEY Pragd, SrLYIRh Ger i ¢ U& RGSBBRFETS de §riving
S paittesl sfdm:ea;:haeﬁmerrlvm@ mottbr asbsthat earinifagehead 20

arranged i_ng._appropriately, spac fro

sid%“%ﬁﬁe cﬁﬁbn% t%@lﬁg ggfu%%haﬁmﬁ%re%gtoﬁcggbﬁﬂg step is
notdiear g s iiist mattdhelr grldstwesudbsdeakdgéds al ong t he

wi dth 30 direction of the nother glass substrate 1,

respectively. According to the substrate cutting
met hod accdieditng theoimage arproet Spimg dievillge mpusaprned, above

SCr i dd N8P RabOT AR M@O%ﬁe alﬁ%m@ftt N ¢akBR, ana
trate

substrate |a for each of the four subs s |la one
y Bielg Fhe fFecessedorgeritréar thapsophted sachien of the

cutswmaﬁ& cibthal ghssatudst makesdrbyibyaddd@eaghsiia
of along the guide bar 36 and the sliders 34 and 35 are
respectively moved along the guide rails 32 and 33 so that
the control section eliminates position displacement from
the standard fixed position of the mother glass substrate

1 positioned and fixed on the table 31. As a result, the
scribing cutter 21 is pressed and rotated along the straight
line to be scribed in the predetermined ¥ direction. Thus,
the scribing method is referred to as scribing by linear
interpolation, which is performed by pressing and rotating
the scribing cutter 21 along the straight line to be scribed
‘as the guide bar 36 ismoved in the X direction and the scribing

head 20 is moved in the Y direction.

When the scribing is performed in the X direction

along the guide rails 32 and 33, the controller 44 calculates
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four substrates la in the breaking step, which is
performed 5 after the scribing step. For exanpl e,

first, the nother glass substrate 1 is scribed al

around the substrate la in the top left section of.

t he nother glass substrate 1 shown in Figure 10. 10 |HDO026
the scribing step according t &4 he enbodi nent of the

i nvention, scribe lines are forned al ong a strai ght

line L9 to be scribed along a side edge in parall el

to the segifindiiFactdrpeatrd ohoPoshdinst pErthy g9 surface

subgt rede mh thrir Jgiatslaesﬁueﬁtaeéelﬁ i Riiret@ode in which
scribed. That is, the scribing utter 21 presses arl,ld

r ot HesSEREPLRG f AEeSoRTTAE Fﬁit FiBF’ §P£§§in§u8§‘FFﬁFe2
al osgrimend; ice te® 2D 1hepﬁ£§sélfdndlfbﬁal&:isaﬂ.bhgﬁg'leShepalght

accordi Q the odi ment _of 0_the \

ot aT P ECa P CRAPER he e PR SENTRER X S gAY By the
scribhedr i Snteposldiion ofentnisimkel @ioven t he not her

gl ass substrate 1. However, the start point can be a

position in a neighborhood outside of the end surface
of the not re sgirdbdngubstten @11iahedd rakatapty lagraqupd the

be E&fépye%x(ls 87¢ 1%51:1% ﬁ%:tlr@F c‘&%eoﬂ& S&H.je? 34 beafSng 28.

shown i n Figures 4A and 4B, a urality of

pr oTlPIEI%t &he Jothieamasaps e&@eéqrmtﬁe}j Cﬁiﬂtt&] spraped by pressing

pr oyhdad @ iinQrdendckhgihl d@l@t ér the Aloade aeggedstermined
the scribing cutter 30 21 %jf cuttgr wheel _tip).

Thuslostd tHE S r9bi Ty 55 U08LTARE fot at es

the surface of the rmt her gI ass substrate 1, a

vertical crack extanding fromthe scri C
occur al ong thHe% AOCRHEYS 8 sreTEe tbt 1é‘er?mt Be scribed

gl asst MIO2Bie mo3Bersghbassatebdtrabe J\/,entae@allncrtaekseaﬁtbing

OCC dI%‘kcf'tX dfb SftAREhEe Jsht‘br%‘ e35efk {RGention.
er %SS substrate ].e %S Ehhél S((JJFI E)I neeIQIS %orﬁgalon

aI ong the line L9 to
The lines to be scribed are preset on the mother glass

substrate 1 so that four substrates can be manufactured from

one mother glass substrate 1.

_ Themother glagss substrate 1 has a shape of arectangle.

Two substrates la of the four substrates la are arranged
in two columns along the longitudinal direction of the mother

. glass substrate 1. The four substrates la are arranged with
being appropriately spaced from each other. The four
substrates la are arranged with being approprlately spaced
from two side edges along the longitudinal direction of the
mother glass substrate 1 and two side edges along the width

direction of the mother glass substrate 1, respectiwvely.

According to the substrate cutting method according

- to the embodiment of the invention, scribing lines are formed
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5 be scribed, the guide bar 36 is noved in the X
direction and the scribing head 20 is noved in the Y
direction. Thus, the scribing cutter 21 is circled

around the vertical axis wth an angle of 270 degrees

so that the scribing cutter 21 forms a scribing |ineMD026
having a track of continuouss &xrve 10 with a radi us of
approximately | mm (see corner part A of Figure 10).

The |ine which indicates a _curve portion fornmed

Shomh i AF A EHENEFO Ber Lo 16f TPF GRS 26 RS figiHoguBytrates

Ci rzhidige Bih@neChhbi N Biltiel oZ28edl OUMGhit NEUDLEIHHIGR 1a are

axi s with an .angl of 270 deqgrees.. The .li ne .
Pl e e Retpe? giaP oSS SRate, by Breaiipg pach of
i s Sovntshibstoateeciadin ahenereakhiicf sttke, skiicheld paeformed

for I e.lin 9 to be scribed and one end of
theggg??bgﬂgi%%r%%é%id%gﬁﬁhg the line L10 to be

scribed. In this way, this curve portion is forned

along a 20x4iLsh ngdg,ysﬂ,i R e (B 1GH Y _alsisngllgé‘ll':]fé]@e 1is
erl e

line to be scribed) defining a first r glon on t ]
sub3erdbed adl pegupddthrpupshirase tndnf thettepdieddr gection

lingsi6hd mHNEr qladLanihARA 10RhRh tiRe Flilghst 10.
boundary line is snoothly connected to anot her
portion of the first boundary line. 25 Wiile the

scri bi ng cutrd ehe2dcihimyetdebyacdddilfto thédefbodiment of
veréical cr not [

K_i f or ned h t I ) .
st et ges Rt RABEE AR EPEPER S B St Line
notlk#erto dhasscisiiisd raliendl absitdee esigei Bnngacafiiiel 2& the

: : I, ti ' d t
e fiiaflag hadiefuch B of RERHERC D ihARRR 1 for
i s the gnhrtratedepiiich ihtoberadridled . .cr ThRtfigr.nee fAribing

t heppther 29/ ASS: UPSEA MR ak Wi £ shDRASErd DAL mA e 1ass
21 i s noved Qé CIrC|In%ﬁI$ apE%OX|nately 100pmto

MDODEPSErate Dopihy Ad d tebBfe SCRAbRda
Cross-scribing is

In the scribing step according to the embodiment of
the invention, the start point at which the scribing cuttexr
21 starts scribing is a position of inside-cut on the mother
glass substratel. However, the start point canbeaposition
din a neighborhood outside of the end surface of the mother
glass substrate 1 along the line L9 to be scribed (i.e.,

a position of outside-cut).

As shown in Figures 4A and 4B, a plurality of
protrusions j with a predetermined pitch p are provided all
around the ridge of the blade edge of the scribing cutter
21 (e.g., cutter wheel tip). Thus, as the scribing cutter
21 presses and rotafes the surface of the mother glass
substrate 1, a vertical crack extending from the scribe line

can occur along the thickness direction of the mother glass
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performed by the scribing cutter 21 using a

conventional 5 technique, a chipping my occur at a
crossing point of the scribe Iines forned by scribing
inafirst direction and the scribe line fornmed by
scribing in a second direction in the nother glass MD026
substrate 1. 10 Wien the scrib¥® Iine is fornmed al ong

the first direction, a vertical crack is forned in

t he ther glass substrate so as to reach a dept h
appﬁgglgitrﬁf*ggyl eqdPFay Thticalo crRER (HRTL RAEYS WPrfnately in
pl athe ¥WhedréhehsekadsH P UHLmother QAGTRS sweaftrbfite 1.
scribe line along the first direction, while 15 a

scribe line is fornmed al ong the second direction, the

not her gl a&s Bubstaritbe Lisenks. fdbhes@faleng stheh ldne L9 to
chi ppi rs %hﬁﬂ t | 1] 4mVves,anko

glagg g% g?%%feth o) ‘ﬁ%ﬁ%sgé%?§% |Iﬁ% |ﬁﬂt%ge K d%geCtlon
di r eeditdre at:rtthenmhﬁﬁsi A§ irompwvedoin tiihe gcim:ee:’qums Thus,

in the £dF 10l RNz 2Nk (e 56G0 gogﬁg %ﬁé %tr'tg.@:al axis

In the scribing step according to t ment of
et

t heWi i et | Mg 1e RE p%&ﬁﬂgéfe&ﬁpﬁ%&hta@ the gerRbing cutter

gl ags fcﬁﬁnsﬁ ﬂb§éfﬂ$ﬂ1él 1hvet ﬂ@vﬁl@‘ﬁrj 'abﬂ:@'ﬁcﬁuéi Hord i idRA curve
the ¢ GB¥ i on |s fornmed i.s lower than the pressure

appl't UH ot hAPPIXITe ted¥s il gy d SeepFOrRer pPart A of
scribyuge aott.er TR4 Mimermaiclt gadticatse Htukhe martivm formed

o1 S5 SRPRS FLOOR AR, MG 3¢ ¥ R e fd 330 ruint fEreLing
30 ﬂh@ﬁcriihlnlgecmeixbﬂh@mp ’elmureatrtngatloaxhewnh an angle
enb@ﬁlmtdecgreégﬂe ngeﬂﬁg%& e%sclffe UG ?ortlin is

contact force a he not | ass subst
is f@ﬁm%oﬁ%ﬁ#@et tlﬁe1§cﬁwe@>hlglymrtle¢ctzqd|t§ eneckad. of the

Thuserien sthe £3ehikeBeal bR§ i hAankeHo MO0 scrd3Beda and one
along_the first direction, a vertical crack reaching a

dept oAghosFiibe iy nedarradentond thad ia kkhéePepcribed.
the plate is not forned at the corner part A of the
not her gla%§ %%Fstrate

1s way, this curve portion is formed along a
first boundary line (a curved line of the line to be scribed)
defining a £irst region on the substrate. At least a portion
of the first boundary line is a curve. At least a portion

- of the first boundary line is smoothly connected to another

portion of the first boundary line.

While the scribing cutter 21 is moved by circling,

a deep vertical crack is not formed in the mother glass

. substrate 1 because a_p'ressuring force applied to the mother
glass substrate 1 by the scribing cutter 21 (e.g., cutter

wheel tip)} is reduced. 1In the case where the thickness of

- themother glaSs substratelis0.7mm, the depthof thevertical
‘crack formedin the mother_glz—iss substrate 1l while the scribing

cutter 21 is moved by circling is approximately 100um to '
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1. Thus, when the scribing cutter 21 reaches near the
scribe 5 1ine along the first direction while a scribe
line is formed along the second direction, the nother

gl ass substrate 1 does not sink. As a result,

occurrence of a chipping at the crossing section in MB026
t he nother glass substrate I ¢dh be prevented. 10

After the direction of the scribing cutter 21 is
cirgéﬁdmmﬁth an angle of 270 degrees, the scribing

cut P21 is noved along the straight line L10 to be
scribed along the width direction of the substrate |la

which is or 0 the Line L9 to be scribed. .

e aor b il oAl (e WS 0 oBsBe sBRIIRY 1

t hepéirherndd by bee soynildchg caridexr £dr vsdngl Aneowwvehtaonal
veryi . C [ t CLO .

Ui EREEALGA8T o BRURRIRAIED 0dt 20080 Mg point of the
si fFrERRylingd Sopmasdt hy aeidingin ¢ dirstedimeckian and

angiKe Of c 27 e ILH £ &l P b@j LGLARg Unt RogRRAhat 8itBEtion
line L10 to be scribed while a track of continuous

curi® e rmatheR et sifitdatfatlely 1nmis formed at

a corner part B of the substrate |la mnthout spaci ng

the 25 scribhing cutter fromthe surface t he .
not her glagg“ﬂEUB%?rﬁfﬁzé? iﬁaetﬁén rﬂi?ﬂﬂt%@ezflrSt
I s fiessetomnt nvetratied 1 akaag 1 é1ef datniead Lnnl the hether glass

scr I cribing,. (e cutter wheel
s d 08 SELDLBIEH L debenl BrdronibkE 088 vatent
scri®dde ah@IChnseflefethlenBla’sef omm thehs@0itaing cutter 21

vertd cale £hack ¥ S80I HY lgﬁg'&'l%rry% L %ﬁi*sttkkﬁhfgﬁﬁlg}{sséhlle

direction. After that, in the si ar wa
scrd BPﬁgbedtltr@rlwﬁe%ed@@mzlthess@P@eﬂéérwcttﬁoan thyymether

of Lifkk£legbeesatl Pshkect i @Rerakbbagonadn beHH i 8ccurs

L11 to be scribed mhlle a track of
when cutter wheel tip moves onto the glass substrate along

the scribe line in the first direction at the crossing point
of the scribe lines in the first direction and the second

direction.

In the scribing step according to the embodiment of

‘the invention, the pressure applied to the mother glass
substrate 1 by the scribing cutter 21 when the curve portion
is formed is lower than the pressure applied to the mother
glass substrate 1 by the scribing cutter 21 when at least
one of the scribe line formed along the line L9 to be scribed

~ and the scribe line formed along the line L10 to be scribed.
Thus, in the scribing step according to the embodiment of
the invention, the pressure due to contact fbrce applied
to the mother glass substrate 1 is reduced since the scr‘ibing

cutter 21 is circled. Thus, when the scribe line is formed
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continuous curve wth a radius of approximately Ilmmis
formed at a corner part C of the substrate |a w thout
spacing the 5 scribing cutter 21 fromthe surface of

the nother glass substrate 1, and then the scribing
cutter 21 is pressed and rotated along the line L12 MD026
to be scribed. The scribing cutder 21 (e.g., cutter

wheel tip) is pressed and rotated along the Iine L12

to b scrlbeg and a scribe line is formed with

ver‘? £8P Heatkrekdddaiatd centd F’@F}Flgé‘tlo"s‘éa‘f%éeﬁﬁhékﬁééePth

gi ;&pprﬁﬁﬁmhﬂelﬁléqWMldﬂ'te thol lﬂﬂ& tAitdReto e 13 phede is
efin t he n in_a shap rect an
cothE sintted SELIR LPued B0 Roel SEL FM s L qq  gubstrate
i ncludi Ttg.lé Ovhesthhai giatitsionig buhgell:IZTESeaﬁhie:f; aehrcilie/edribe
I|n e.circunferen of t. ubst.r a

| "EEnbS S Ee WAl ELLELILFLANGE allotile TERE E kS rmea
enbéépnﬁnth©f5¢¢mndrﬁmyﬁqﬁmmn.zahksnﬁdﬂmeagﬂasﬁ shbstrate 1

ot hgge ke sOhif OWs sURSLE e%cch%reﬁcglgf%d ggﬁgﬁ?%ea the

l'ine including four straight” scri 1 nes
in %ﬁ€ﬁ5%P90%ﬁﬁF%QﬂuﬁP(ﬁhqiﬂ?ﬁhﬁﬁﬂgﬁﬂﬂﬁeéuhﬁﬁrﬁﬁé flogan be

subgtepbeseda by performng the scribing step
according to the enbodi nent of the invention. 25 After

the scribing step according to the enbodi nent of the
i nvention iZSEmﬂr froremeld reoit ioac b foft hkOwershsr aheger 21 is

| a, fou raIesI ca t fromthe nother
et ed ] Ah08paTecRP o Hedd O b FotiBips cutter
accat cilsngtoved Bt ehenrbodaigint lofne Baoi nuemet iseribked along

thet@é%ﬁ@t@pdﬁﬁg%f@g%&dmg% 4 1% EHALAE I%fﬁrmggonal

i nventi on, eac a ca bro
MDORB the 1dge Iifete bagcoibedol i Hep eachbiteguc@rﬁtcr 2lves pressed

fowns litl)stte{@deﬁlbﬁg Q{e ainheoL.9 4 ey st:lil_au_ﬂeﬁe,maq{els a%cribe

t he, four substrates .
line with a vertlcal crack extendlng entirely across the

thickness direction.

_ After that aginthesimilarway, the scribing cutter

21 is circled with an angle of 270 degrees in a direction

orthogonal to the line L10 to be scribed while a track of

continuous curve with a radius of approximately lmm is formed

at a corner part B of the substrate la without spacing the
scribing cutter 21 from the surface of the mother glass

~ . substratel, andthenscribingcutter21lispressedandrotated

o a_llong the line L1l to be scribed. The scribing cutter 21

-(e,g., cutter wheel tip) is pressed and rotated along thé

line L1l to be scribed, and a scribe line is formed with

a vertical crack extending entirely across the thickness

direction.

After that, in the similar way, the scribing cutter
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Heating a region can be perfornmed by, for exanple, a
heater, or laser beamirradiated froma | aser

oscillator. Cooling 5 a region can be performed by,

for exanple, spraying a cooling nedium(e.g., C02,

He, N2 and the Iike) to the region using a cooling MD026

‘nozzle. After each of the four3substrates la is cut

fromthe 10 nother glass substrate 1, the four
substrates |a are retrieved out of the nother glass
sub$tr &f echresthg-dic ary paglenefudi Aglegrens dragpPdregtion

vacy#ihagsnabi fg tRANS nel A 1F €BBbLAI HErPEd IvHi10fa tth@ck of
nmot her glass substrate 1 fromwhich the substrates |a

ar eCPBELPROBY SUTVE; vy aé‘&déélsaﬂf GRRECEIRAFG LY I b Tormed
15 dbhea deimidis patrtt obhrrakisu® sttrapeVia lwithdles eipakdtg the

| at f ] t tial t t
| nf SrRAPEBA CbEThqht P orhhor Rk oS BBy 91as
st epubfbratadnphed thei cthrmtscmmbingarutﬁg: 2lshaperesrykd and
di £ | t

| r@g%:ﬁggdglo}lg rhgfin%?%r.ﬁ?r@%?%éggiﬂéé e 'I;lhcﬁ Qgrlblx%g cutter

information re , SCri be
t he2toher 9} | eruigeprwherel & dthe dgefuessedc endofothged along

SCriRk rllgin%t Eﬁ!z J@%esgéf%é@ *herﬁ@adéé:}’iﬁkg 1'5[%015 4 rédmd with

is controll the [Tnear notors 37 and are
con?rE?FE%Fa}rP%&RﬁNQﬁ%ﬁﬂ9%MQI?QW%EEHSS@FF@ﬁSth?héhlckness
t abhersdramg. t he position of the nother glass

substrate 1 which is placed on the table 31. As a

result, the scribing cutter 21 is noved al ong the

‘line to be mrtihliedwsﬂ the tlhemaLbeL1gl 86 Des hstibalde défine

i,be ned on_t.he mot.her gl ass
SuntPsPatfhuRR ol o2 b RERE SRRy JR AP s PP Rupetrate
enbbdi r?emlosfed thevedviemeé oinabestin ddobuam tsmraegetteace:.blng

to filgéflé ean]é)foh e@ :le kgfmé&%rt Qi@eﬁg%{eji}@?grence

term nates ontEe not ass substrate .
t heo S EheiYie tarad epba bmztﬁr@%wgiq hbe|sicdbipg step according

to the embodiment of the invention.

As for each of the other three of four substrates
la, a closed curved line including four straight scribing
lines is formed in each circumference of the other three
of the four substrates la by performing the scribing step

according to the embodiment of the invention.

After the scribing step according to the embodiment

- _of the invention is performed for each of four substrates
la, four substrates la c¢an be cut from the mother glass
éubstrate 1 by performing the breaking step according to

the embodiment of the invention.

In the breaking step according to the embodiment of

_the invention,' each of four substrates la can be broken by -
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to be scribed can be either a position on the nother
gl ass substrate as shown in Figure 10 or a position
near the end 5 surface of the nother glass substrate.
Furthernore, in the scribing step according to the
enbodi mnent of the invention described with reference
wth Figure 10, the |ines L9-4%12 to be scribed are
straight. 10 However, the Iines L9- L12 to be scri bed

ar ey jted to St r ai I|n l.east 0
TheRhed Y Bl find S allion B o, 50E; pAPgrFaces 10
| i ner a magiwedolthes thaa cegfbomatcpbrtheoffcmhessbsarglhes la.
i ng e [ Fiaure,l _

ver e 5 e b S BE el cin By Shallip B 2 heater,
f orped-anen héaglcnm%amfitféiomﬁ leeer oamigllatom t Reoling

casg rwiebe éﬁbé@éx@dﬁe@ﬁ&erforzé—xéﬁpﬂ e§§§gy§HQ a cooling
rotate on a glass substrate 10 with t hi ckness

of MEAHM bend bl SHe- dtfge NZE:PdofthFhél‘é%hB?ﬁé’ecEPEéPHZ'flSlng
pengtded BEndqpiysxidmt el y 6pm from the surface of the

gl ass substrate 10. As a result, the reaction force
fromthe glass substrate 10 is small. Thus, a

Vert i cal crpaﬁﬂerv\bhhhaaﬂjepémOmf sGb8terte®Ma decems £r2m the

h alijty. ;0 rotrusion for med

t he&ﬁﬁ#@i%sé QE%t% ?hé tsl‘ﬁlf l.lul;]augst e}% aare retgleved
p|npbtnftNanﬂhemmlahesgbaisaiaﬁsusaneaﬁ&rf&mm;ncludlng,
th%’.‘@r é§aﬁ81eP8%%JJHuHéa/sJ£ﬂn§mé‘£ﬂéZO%%' t%{ R %ortion

occurs due to the reaction 30 Torce al on
of ¥hdhf aedheghgiprasesubstratael ﬁnqvewlﬁ@hséh%m@strates

st efh i srPardiarimRda Thel sicaredPasshii bhh¥cetBaty8portion.
chi pping and the like occur in the circunference

portion of the scribe lines to be fornmed. MD026 - 42
Figure 11BTskonstaiverd# cdle BEaskingtstepiilzonballescribed
crqfﬁzoccurred when a scribe line is fornmed by a

scribify

MDO26

By performing the initial setting step, information
required for performing the scribing step (for example,
information regarding a shape and dimension of the mother
glass substrate 1 and information regarding a line to he
scribed) is set in the controller 44 prior to the performance
of the scribing step. The scribing head driving motor 45
is controlled and the linear motors 37 and 38 are controlled
inaccordancewiththepositionof the table 31 and theposition
.of the mother glass substrate 1 which is placed on the table
'31. As a result, the scribing cutter 21 is moved along the
line to be scribed set in the mother glass substrate 1 and

a scribe line is formed on the mother glass substrate 1.

In the scribing step according to the embodiment of

- the invention described with réference to Figure 10, the
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gl ass Sub

cutter 51. 5 The structure of a scribing cutter 51 is

the sane as the structure of the scribing cutter 21
except that a plurality of protrusions j fornmed on

the bl ade edge 21b of the scribing cutter 21 is not
formed on the bl ade edge of 10 the scribing cutter MDG26
51. For exanple, in a case whefk the scribing cutter

51 is rolled on the glass substrate 10 with a

t hi ckne of 1. | nm t he bl ade ed of the scribin

cut ?éPeﬁ%ﬁﬁ?ﬁ 58@3?%8@%@%5&% BoEheK FLaEs sypstrate
t helgl d&svestdast ridiee si:&mAagaeﬁasybgltl@ \eexdﬂgaiha: naelk Liz

whi ¢ch ccd)
I\/brgov}ger rgirbeé%gﬁtaal st T % elf:z?npﬁ’glﬁ%ﬁ@r%?e?%l"%etrhglass
sur Sabetr@tetdn&e sHlcams isubsguné LA Gr Ehleoei*oiea reear the end

hor pptal GE Gldon force in
ﬁor%zontaﬁaglreegﬁ%ﬁsg%§ %ong sdrface of the
glass substrate 10. Chi ppings and the i ke occur on

the circunf@iencs-kpFd | QR E’lfletélg:ﬁﬂﬂdjblﬂgp éé@@r&fné?%o the

formed. _In this way, the scribing lineis by
t heS™2RAXRER by thd tlevezilowh@esc%e% WJstlhé-‘eference with

poseidphtétyo | hade I&hdﬁﬂﬂuﬁtfuﬂidlB%|édﬁiﬂ@@@%&e°@t&%&ght
surface of H¥51iub3tr e | a based on_the occurrence

CHoY 720 &PFés “Ebf tHePfoPEr PR FEe ARG Pitfyg ted to
st epsacedgdtidgnkhe Aemeaﬁbadiemh@hhée LoRrLartidbe saribed

pre e t t force R to t he _not
S A PP G B R Lk G poPRgBination
cutq’@rtlzq $eraighet eJdl.naNaerd tithe stmvied |lime.is f or ned
along the first direction, a vertical crack reaching

MDO26 43 the depth apprOX|nater equi valent to the

pl ate thi ckiieB¥e LpAtghowppnerrpral eraskorhigle omstuns when

gl asSs St Bt 15 NAdOEEheT MS1 RGN clif®er 21.
scribing cutter 21 reaches near
For example, in the case where the scribing cutter
21 is pressed and rotated on a glass substrate 10 with a
thickness of 1.1mm, the blade edge 21b of the scribing cutter
21 penetrates approximately 6pm from the surface of the glass
substrate 10. As aresult, the reaction force from the glass
substrate 10 is small. Thus, a vertical crack with a depth

of 0.8mm-1.0mm occurs.

In this way, the plurality of protrusicns j formed
on the blade edge 21b of the scribing cutter 21 give a pinpoint
impact on the glass substrate 10. Thus, there is no
possibility that ahorizontal crack occurs due to the reaction
force along the surface of the glass substrate 10 at the
time the scribing step is performed. There is no possibility
that achippingand thelike occur in the circumference portion

-of the scribe lines to be formed.
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the scribe line along the first direction while a

scribe 5 1ine is forned al ong the second direction,

the nother glass substrate 1 does not sink. As a

result, occurrence of a chipping in the nother glass
substrate 1 at the crossing section can be preventedupgzg
10 Furthernore, when the nother gl ass substrate 1 is
scribed by the scribing cutter 21, the pressing force
applied to the nother glass substrate 1 by the

scribing cutter 1 can be reduced. Thus, it is

possi ble ta.ljmt a t.he cribing cutter 21 and
damage to :%HL dspcer il\k%?n“ggh%pu? taeyef%wfg "T‘E%Fgf%rf‘%,a %ﬁ’élzontal
scrétidgly aaaumre @ vheanabecsibsl Yins etk fmrmddiby pescodbing:
of diy® gure 12 shows another exanple of lines to

be scribed fornmed on the nother glass substrate 1

used in the scribing 20 step according to one

enbodi nent 1ofe heuRtasENbE AVEL  BThg |dutdle: S9' 1R Ble same
step according to.the enbodi nent of ~the present

i n\Ehthih6h SHEIGHIEEd ofi ther 8cEiBARg FYtEPguRd exgept that a

scrilha-d1ings o&l pRgtiheibhsep HoInadohlfnt b heis thIddéﬁd 1b of
ste

25 .are forpoed in the s .way as_the scribing P

2o B g L AR ARBoAR kPR R dbtie huere sige of
deddre Ived-iniinly ouafteresde to Figure 10. In a case

where a scribe line is forned along the 30 line L9 to

be scribed, the scribe line is fornmed along the |ine

L9 to be s€pirbedamphe i dwoastasd whmrehtéhpositimimgveetéer 51
th i P j Lt . i

of Tihe B et The iR R SRR I UL UEE. 1,
VD&de blade edgeppiEnfbeonacribingt puttgrabi cubgtpenetrates

1, 3k £hoR el subisde bREEIRC Gh BB {81+ L3 0MOVES OResult,
the surface of the nother glass substrate 1 at the

st ArteTdi G PE 3 VhécR eFrpE Shason by ademdh off ¢ ebmmt fel Smm.
SubBreat/erl, &oiiizah RAGHRS Scdi PdYeherated along the surface

of the glass substrate 10, Therefore, a horizontal crack
" occurs due to a reaction force in the horizontal direction
along the surface of the glass substrate 10. Chippings and
the like occur on the circumference portion of the scribing

line to be formed.

In this way, the scribing line is formed by the
scribing cutter 21. Thus, there is no possibility that
chippings and the like occur on the surface of the substrate

la based on the occurrence of a horizontal stress.

Furthermore, in the scribing step according the
embodiment of the invention, a pressure due to contact force
applied to the mother glass substrate 1 is reduced because

 the scribing cutter 21 is circled. When the scribe line is

formed along the first direction, a vertical crack reaching
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The scribing cutter 21 is circled with an angl e of

270 degrees in a direction orthogonal to the line L9

to be scribed while a track of continuous curve with

a radius of 10 approximately 1mmis formed in a corner
part A of the substrate Ila and then the scribing MDO26
cutter 21 is pressed and rotajged along the line L10

to be scribed.. The scribing cutter 21 (e.g., cutter
wheel tip) is pressed and rotated along the |Iine L10

t othe m&m%pwﬁ@m@ keulitAgehs torfks pidie hidkness

verti crack extendin irely ross t he thick .
o PacERt S55Her TEION B G 1 KR GHE S didiate s
Llﬂo’alﬁbrrde:ﬂ?. t Ohhe, Sﬂ‘retrbedel ﬁcﬂlﬁiﬁ@&iummaﬂ.hﬁ@@dﬂ&s near

to scr f or.,ned i .

or et 57 e Tin€ tlhd PRl Bt Tt hind iy porave
t olbree s fbemedyaldreg $b|e4 peognd ui:tzmctazm Afthermetizer glass
scgﬁaj fhg?ﬁéﬂie& & st d fom &quat&rf%%%urg %@eof a

ass Su strate 1. n a case whereé the scr
| |¢iélmverr:fg thethe meathen gag s Eahsduadesdr iddedhes crossing

f ot d@eh o £ DI ES; Gk de not her gl ass substrate 1,
whi ch occur when  the scribing cutter 21 is noved on

the surface of the nother glass substrate 1 at the
start of fEQfﬂﬂHéQ:rrtdi% SehehethbNfethép gmis@féxﬁﬁutama 1 is

subst econes .a product. 30 In this wa
R B e ST HBCT SR IAR A T obhe TR i PSEe BiRG Lea
I imsths nfcortread dlmdsheubistaatlerienge tof stdiabsm@suﬂtter 1
erf e scrlbln ste cc to the
odlneﬁF uFe?he preseﬁﬁzlnvgnf RHQ Ngﬁz%lg it pearnon the
fmcIeJatcingafcuﬂt@thiemntdmdwa@fe ftourtheulsstridtiey cludtear 21.
[ L, qStr.ai ght |
I | nes I's for me(i4 %%Ilé%cgﬁ%gc%%&n?:rzén%g%o%%t ﬁzt%g)t %gEd for
t g pegilachef dimesubstrates | a by perforning t he
scribing step according to the enbodi nent of the

present |nvent|on
Figure 12 shows another example of 1lines tobe scribed

formed on the mother glass substrate 1 used in the scribing

step according to one embodiment of the present invention.

In the scribing step according to the embodiment of
the present invention described with reference to Figure
12, scribe lines along the lines L9 and L10 to be scribed
are.formed in the same way as the scribing step according
to the embodiment of the present invention described with

reference to Figure 10.

In a case where a scribe line is formed along the
line L9 to be scribed, the scribe line is formed along the
line L9 to be scribed continuously from the position where
‘the scribing cutter 21 is positioned near the'butside of

the end surface of the mother glass substrate 1.
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After the scribing step according to the enbodi nent of

the present invention is perfornmed for each of four

10 substrates la, each of four substrates |a can be

cut from the nother glass substrate 1 by performng

the breaking step according to the enbodi nent of thempoz2s
present invention. After the fqur. substrates [a are

cut fromthe nother 15 glass substrate 1, the four
substrates la are retrieved from the nother glass
substrate 1 using a carrier including, for exanple, a
vacuum adsoxhi ng neans., The, remainin ortiqn , of the
mother gl att AR bt B AR e S o Stk v B occur
ar evtreat the\sex;t:_ijbs'r@ sehreed lasers onrideessaf yeporftifenmother
20 edl%§$%u%rs%%'t'ég135€pﬂ?ec%%r NGt Po LPE § Qi TR0 i ne,
the present invention, each of four Substiates I a can

be ddhmsikemifediedtiengubstewdls dg eddiely dgiconesf at pgoduct.
four substrates l|a or a region other than regions of

the four substrates 25 |la. Heating a region can be

per f or ned e FGFlbiaﬁpW%ﬁt%F HedSeflre eﬁé§@ﬁlﬁﬁhﬁﬁgle of
ir rzai(g:l abg&%eévwﬂga% |difa;]f%fct0.§ﬁ-l |o|1:|&th%|'gona@0j§b| ﬂgemirrﬁelg!:.@nto be
can be perforne , for exanple, spraying a coolin
mefhPEs Wg‘.ll? Ec%‘?a‘ilfe,OfN?c’gE&“PHé‘sl Fﬁﬁ)’ oft tthé radlus of
I e@ippiroxifiat® 18 Dawh s Fgriedziea c3nEiep et Aidestid stibetrate
br eaki_n e 11 _be.described later. MDXO26 . - 46

e g  EhBR nbhe, BT LR (et 9 b o RERERE Gop inotated
pr edemyy theehiner.ledrr beedcwibhdr ef eflencertibikigguneéter 21
12, pr [ o] tact ' t

oG SayveE, BHEeL LN 06 pr i A rBEarRd dfong the
scridbien&l@utrebe2scirdb8dci poted. sThabe Whba Lhefermedewith
lige yeripLfed QLRI Lheefainly RO NacPolE WHA! thick

crack which reaches a depth ap-
direction.

_ Thereaftér, a scribe line along the lines L1l and
L12 to be scribed in a direction orthogonal to the line L9
to be scribed is formed in the order of the line L11 to be
scribed and the line L12 to be scribed by the scribing cutter
21 after the sciribing cutter 21 is spaced from the surface
of the mother glass substrate 1. In a case where the scribe
line along the lines L11 and L12 to be scribed is formed,
chippings on the mother glass substrate 1, which occur when
the scribing cutter 21 is moved on the surface of thé mother
glass substrate 1 at the start of forming the scfibe line,

do not affect the substrate la which becomes a product.

In this way, a closed curved line including four
straight scribing lines is formed in the circumference of
the substrate la by performing the scribing step according

to the embodiment of the present invention.
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proxi mately equivalent to the thickness of the plate

in the corner portion A of the nother glass substrate

is not formed. Thus, when the scribing cutter 21

reaches near the scribe 10 line along the first

direction while a scribe line is forned along the MDO26
second direction, the nother. glsass substrate 1 does

not sink. As a result, occurrence of a chipping in the

not her gl ass substrate 1 at the crossing section can

be prevented. 15 FurthernDre mhen the nDther gl ass

substrate b .S 'cgegfbyh% hetl?e ass S%Z%Pg%ggates

pressing forcé app
1 blai e losiedi pyrvedt ém@llncehrﬂireg rf@dm(sdraﬂgm seribing

s Pﬁéé bie é&nlédnltn e, %&r'eﬁﬁlf%% S\ BE”QPQUBEEE 2lnree
and damage to the scribing cutter f heretore ﬁ
scr%ﬂﬂgﬁ EorrepubstEatepelatup penfomning thepggrapbingdstep
of dddBrafildWe thd rdMivRh AR el @ramRhe 2hvkhReen.

to be 25 scribed fornmed on the nother glass substrate

1 used in the scribing step according to one

. enbodi ment agfterfhehPrsSabing S¥epladcbrdihg e 139 AbBP@iment

step. according to the epbodi nent of . 30 the present
e HEateh Do ah e ERLre: Sromed fopmey far Sl of four
fi raﬁibsﬁmire$d.lai beakhnes mmngsﬂﬂmtfaﬂm ]J.ana.’thteOche from

Scrél'{ehlg %ES%G Crl Pgtlf:gy §{7 IOI.{I]l'IrGITLEI ajt’:getrhﬁ:fe%.rkrlﬁgq step
Wa B CE IME0R6 o t&lﬁ empo ddmes ti nft mhespmbﬁng g$hgpntion.
according to the enbodi nent of the present invention
described with reference to Figure 10. After the main
scri be |indStRE1the Eongr ks tates da dee qutnEsogthe mother

i ncjltacasngutgﬂfaﬁé rlal aht ﬂdu&e%@éﬁré%ﬁ@t DS saect%l%vteiaefrom

substrate la wth eln% spaced fromthe nmain scrib

| i fd&e mother glass subs rate 1 using a carrier :anlud:l..ng, for
example, a vacuum adsorbing means. The remaining peortion
of the mother glass substrate from which the four substrates

are retrieved is discarded as an unnecessary portion.

In the breaking step according to the embodiment of
the present invention, each of four substrates la can be
brokenbyheatingorcoolingeachregionofthafoursubstrates
la or a region other than regions of the four substrates
-la. Heating a region can be performed by, for example, a
heater, or laser beam irradiated from a laser coscillator.
Cooling a region can be performed by, for example, spraying
_acoolingmedium(e.g.,Coz,He,Nzandthelike)ontheregion

using a cooling nozzle.

The details of the breaking step will be described

later.
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M51 by approximately O.5mmImmw th the. main scribe

lines. Each of the four straight scribe lines

included in the main scribe lines M51 and each of the
four straight scribe Iines included in sub-scribe

lines SS1 are in parallel. 10 As described wth MDO26
reference to Figure 13, in a gase where sub-scribe

~lines SS1 formed with being spaced from the nain

scribe lines M51 by approximately 0. 5mm|lmm a stress
i s appl | edInrthe Horikbmg sttegi aecordingtheogdnalinenit b€ the

nlebBiE) 2hylhe ORI SEALER P A, S iRl 22
s uB RET§ Pere |Ch@s toggmtaric sopcesapphiedrice thetmobrer wlass
sugﬁﬁgere%t nomso£e@uca&r$é&@.hs&ra§é< Mvn\g]ﬁartgora&ttéle 21 is

mai n scribe |ines M51 already forned

coﬁfmF@%%fion Tt hen §h6rﬁctlﬁ‘é3'%%%$%€-§ mabplond thefirst

vea&r@altlaﬁacla Wt deDif MBraBR RAAiRhS GFd4¥hdd N€S aMBth ap-
t he reactloggforce cts on the bottom of the vertical

cr BERFIPALE LY s B e th ERnt e e kRegehobfthehglate in the
veebiraar mimcloreX o@ntise motheref Diss subetyettiiahot Rakued.

extends in th thlckness direction of the noth .
gl ggs Su%}'%?r AT TOR e FRSEET %Eerﬁgcg%?tl?%aaﬁ etg}eacﬁ?rlbe
r edthesltdray bhekfisugtf dieecotibheviniblehersgltiiss line is formed

Sugigﬁgtghnggg6€d§%¥orne xyetuﬂy 'ggs s bé%rate 1

line t SCr I don ‘anot her g s subs
us@ges matheiskri Bhg regult opctusediasgof & @hepplng in the

enpoth 8BNG 18kt BEHRELSER! 11 B¥ERKLEOR: LR 1hBe 86 i BhNGan be
step according to the enbodi nent of the present

i NRERAYFBEREAt he scribing cutter 21 is once spaced MDO26
- 48 fromthe nother glass substrate 1 between the
time of form the main scribe |jnes M51 and the

time of fdrH HETHEP S b YOEN b8 PPhRST SBYaSHRAL 2t * 18
sheowsnibed Biygthe st#ibihe csithesczl pehel ﬂmﬁ@lfcﬂﬁe bpplied
fo{é“%ke(%gfﬂéﬁpuig.sagE gtgg%en?ig Sgée scribing cutter 21
can be reduced. Thus, it is possible to limit wear on the
scribing cutter 21 and damage to the scribing cutter 21.
Therefore, the scribing cutter 21 can be stably used for

long period of time.

Figuré 13 shows yet another example of lines to be 7
scribed formed on the mother glass substrate 1 used in the
scribing step according to one embodiment of the present

invention.

In the scribing step according to the embodiment of
the present invention described with reference to Figure
13, first, four scribe lines along the lines L9-L12 to be
scribed {hereafter the four scribe lines are referred as

the main scribe lines MS1l) are formed in the same way as
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5 lines M51 are fornmed w thout spacing the scribing

cutter 21 fromthe nother glass substrate 1. Figure

15 shows yet another exanple of lines to be scribed
formed on a nother glass substrate used in the

scribing 10 step according to one enbodi ment of the mppag
present invention. Like the sg+ hing step according to

t he enmbodi nrent of the present invention described

with reference to Figure 12, after two straight

scritoe dﬂafre&nhahieﬂgctinalﬂgi ftepradnibidg nes telemabediment

for I nd L 0 I bed .

w 1 Tout SRRt anRR 1ok, QESetived Suth PEfetRion o Epaure
gl ab®. aﬂt@trr’altse miin hersbelbmﬁge Ysilt are Xbnmedspavbdscribe
fr t t r |

[ ST o3 et glas e Al 1 TS 10 ST Bhessce
| i nIése meksiratedaneithbedga siaed frpesthe mainddriibe dines
be 1er itRedpWh-bROME + SPR Nnnt NGun® iRl Ple etid & rg.%e lines.

fromthe nother glass substrate 1. The sub-scrl

| i feacisgf the %Jrrnéarfiﬁgbﬁes'%ﬂm dingsepngiuded Jrﬁalt#e main

scrédifind 1AassNEE1 a2% EhgHI&F kheShous ﬂfhﬁl@'ﬂb%‘bﬁ:ﬂﬁ)@sllnes
Ia arradgelcﬂ on the I;Dher | ass,_substrate 1. For

Bhe o SERAPS ddMgs: Fane=Pn 1t garaifes.
I ongl t udi nal direction of the rmt her gl ass substrate

1, 30 scrlbellne a , thre .
S ubstrat oo ARsackOEPaE il RS 80 ERMh T olieFa, dip a case
gl aerzulssir-siced bea lanes SSﬂ.rrEdrmIadnglthebminIghspaced from

di rtql%tﬂlat?{h QEriﬁg 1[{B[=,-E ﬁl%p%gﬁ)f‘ggﬁﬁlg?éfy 0~ SmMDquﬁ y a}s'tress'

, Int centra I"'ongI t udi
d| Aectapmlfd the aobheizghisd ddpsatdos bridedoyal to the

i raqs;e@rtqonf@f EEE'mQHct; %@eab%fliﬁgsesn%a@éﬁ@fﬁée ba {He Iﬂother
specific ord hree gl ass substrates

ar é’lﬁf'&snﬁ‘dbﬁ’%%e taH:ethW Iawr: d’Ifr ERTMORT gihe ﬁé?bnﬁf“-ﬁélbe Lines
al m.suhséér@éﬁaés_ion force acts on the surface portion of a

vertical crack which forms the main scribe lines MS1 already
formed. When acompression force acts on the surface portion
of a vertical crack which forms the main scribe lines MS1,
the reaction force acts on the bottom of the vertical crack
inadirectioninwhichthewidthof thevertical crackextends.
Therefore, the vertical crack extends in the thickness
direction of the mother glass substrate 1. Furthermore, the
vertical crack reaches the back surface of the mother glass

substrate.

Figure 14 shows yet another example of a 1ine to be
scribed formedonamother glass substrateusedin the scribing

step according to one embodiment of the present invention.

In the scribing step according to the embodiment of

the present inventibn, the scribing'cutter 21 is once spaced
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Finally, in the other of side portions in the

| ongi tudinal direction of thenother glass substrate 1,
scribe 10 Iines are fornmed on each of three

substrates la in a specific order so that the three

gl ass substrates la are formed along the width of thggag
mot her gl ass substrate 1. Figyge_ 17 shows yet anot her
exanple of lines to be 15 scribed forned on the

not her gl ass substrate 1 in the scribing step

ac QQE)EU 113 hOtRBE gﬁlﬁ@,@dém@tr@{e 1hee PEESE Rhel MR BEFbrming

re 17 S j nes. L L14 to_he s¢ribed far .
s 1t eus T EndThe ting OF 2arminpang ey -scribe
shamaesmsir OlHdWeremt her spbws Sirs Figturat @4]. tHEesub-scribe
scribin tter. .21 |s pLesse and r tat d_on.the
LB L pE rhPnBR GRS 1Y G ik Nty oribe
t0153355531bedemf¢tm¢®ewabbw@tnﬁmﬁ¢xngnkh¢r&qgﬂhung cutter
ShapepbhnOHL agtﬁgfggﬁgscsgbégpg}éhf mot her gl ass

ubstrate Accor SCri rnes with an
irregul ar shape are fornmed on the nother gl ass

substrate FI:L%JP@ 1@%&&%&@99&&0&?&%1&& %&Hn&ﬁeﬁﬁ%pﬁné& €o be
shapes her than a rectangul ar shape and incl ude

a §FFaPaﬁff ormgd onghEe bres 9d@ssedhs i@ tepigrA &0 f8esttowiding
yebtapoidesr eNaNRloeofe dbESimdn P& MBE6presdPr invention.

scribed formed on the nother glass substrate 1 in the
scribing step according to one enbodi nent of the
present i nvikd ithie sckipiihg des aworidiad itBeShd:.]éinH.o’kﬁ.ment

b d 5 h b
| PBUTAPoRaPE FIAH I CRSERGPoH BLEs STBSrPArE 1o T Loure

S
Eath. odftde ﬂwmesraiahtlscrnbbelms bewing phewnattw scribe

t t : iLni .
P EREE 14000 atlod E30000R, TR SELLE 0 3 BaRRrnec
| i vietheub speging bee seriibddgaret ter 2ddfromddhemmpther glass

substrate 1, the scribing cutter 21 is spaced from the mother
glass substrate 1. The two remaining'sfraight scribe lines
included in the main scribe lines MS1 are formed along the
lines L11 and L12 to be scribed without spacing the scribing
cutter 21 from the mother glass substrate 1. The sub-scribe
lines SS1 are formed in the similar step as the main scribe

lines MS1.

Figure 16 shows nine substrates la arranged on the

‘mother glass substrate 1.

For example, in one of the side portions in the
longitudihal direction of the mother glass substrate 1,
scribe lines are formed on each of three substrates la in
a specific order so that the three glass substrates la are
formedalong thewidth direction of the mother glass substrate
1.
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have a predeterm ned degree of curvature and are

provided fromone of end surfaces of the substrate to

the other of 15 end surfaces of the substrate. First,

the scribing cutter 21 is pressed and rotates on the
surface of the nother glass substrate 1 along the MDO026
l'ine L15 to be scribed to farmga_scribe |ine.

Thereafter, 20 the scribing cutter 21 is pressed and
rotates on the surface of the nother glass substrate
along the lines L16-L18 to be scribed to form scribe
lines, res ctlvely The abov L. oned I L]€9 | ar
shapes are §ﬁépe fg &t aHOF%%OEhape of EongltUdlnal
r eai:a:r@te,onanﬂ tmlrrwct@%c gltaaﬁ ghibs tigate andslcc)trllae lines are
Curqu.fljﬂ ﬁeC§ o%rf%ég%ﬁmgpemr ell[.-[]lgfa{ Egecﬁggc order

det al reaking Step accordin
errtﬁymtﬁéﬁt tb¢= th@ew@s@rﬂ siubpegnates wllatre feormed along the

desgirdtie i MN26n oD ]theTtPr%tﬁ’L %a@l'agssgﬁBs‘ti*atfaoﬁ. .

exanpl e, perfornmed for the nothér glass substrate 1
with the scribe lines formed thereon by the scribing

step. 5 Af rg@hallhg,sehi kael bRBErabe E;Qﬂgeﬁoﬂtﬂﬂﬂsthﬁ the
lines L9-112 to be scribed, ste

ving

r?';?é‘rgdtt&’rdemédfef’r’ﬁ%‘?ﬂ°n?%t@%l?§‘ég8%€ Sihstrate L. scribe
mmﬁﬂesgéﬁéio&ubﬁ oAatearch b6 ﬁmeayedbsﬂmﬂeé I1a B6la Bpecific
I|ne for ayed f.rom the
por s S307srt FRE Litad Bl ahe T AT AU aS SmmRd ons
I nthe Migahe of. tBe mpmapmnglaseaaubetrhEescr|be l'i nes,
vertical cracks extending fromthe scribe |ines
extend in the thickness direction of the nother glass
substrate ¥Yiguhe L7 ssimwprpfednohberteranpie afallines to be

Cr 3ekS pRavd Nhed on Q@i%&%az??l&@@ UG- 1 GHUEEEEShing
penetrates into the vertical cracks due to a

Caﬁitp[paﬁ?cgﬁgﬁaﬁe%ﬁ)_ne]-ﬁ@bodiment of the present invention.

Figure 17 shows lines L13 and L14 to be scribed for
cutting the substrates 1b and l¢ with an irregular shape

from the mother glass substrate 1.

The scribing cutter 21 is pressed and rotated on the
mother glass substrate 1 along the lines L13 and L14 to be
scribed with the above-mentioned irregular shape without
‘being spaced fromthe mother glass substratel. Accordingly,
scribe lines with an irregular shape are formed on the mother

glass substrate 1.
The above-mentioned irregular shapes are shapes
other than a rectangular shape and include a straight line

and/or a curved line.

Figure 18 shows yet another example_of lines to be
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penetrated |iquid expands (vol une expansion), and

thus, the wvertical cracks are extended toward the

back surface of the nother glass substrate 1. 20 The
nozzle unit 53 including a plurality of nozzle

portion 52b can be provided on the guide bar 36 and MDO26
steam can be sprayed onto thggsurface of the nother

gl ass substrate 1 on which a scribe line is forned

(see Figure 8). 25 The nother glass substrate 1 may be

br Glea baldongrid® on Tt et hé h g:aaf;ersrmﬁmﬁehla mutrhaemrlblng

bstrate b | yi . to th
o1 S3PESUBSPF AT o ARchpre BeRTEer e B egraty opHettLon-
froma surface opposite to the surface on 30 which the

scribe 1 ne3gate {01 h00M I 4EdEAY 0% SLEaMbea sor

generating a par ernore, as a cu
assidttimg hhansybsheaivpo2al W-ltszansielr:rdzﬁuﬂgamMRmirom ‘the

'”ﬂo%@%raghéégrsﬁ%%EEE%EOE for heating the scribing
lines using a | aser beaminstead of steamin the

scri bing head. The scribing head 20 .may i nclude a

| aser osciELLBt®F ther 1gr¥E o 5o t-tbebe%dﬂﬁélfls prov1ded
enmbodi nent of the present invention, an exanple

bedf ‘d%EE?FB%"ddvﬁ%Pé Les brang oG ver dpt1aipard oﬁlﬁé’& of the

af cebsttrheepadf aimanaa ekrkhalser khapg. step. However,

the breaking step is not limted to being perforned

only after the 10 performance of the scribing step. As

| ong as avEheildalesdyiick:18ks srdiog Herdoard barsedilbmes which

'Si HEve ?relp%éég{]gn{lﬁé&] %@ k%%s% gﬁJ&Eg&“ Sﬂdoéré NSrovidea

stra y Spraying a
t effpematneecE udid ciwrfaces @@&b@ shbssgbser apetbﬂ other of

whig shF}@aéQE' B% thBesuBLe-fpLmed, the tinme of
startlng SCri |ng
First, the scribing cutter 21 is pressed and rotates
on the surface of the mother glass substrate 1 along the
line L15 to be scribed to form a scribe line. Thereafter,
the scribing cutter 21 is pressed and rotates on the surface
of the mother glass substrate along the lines L16-L18 to

be scribed to form scribe lines, respectively.

The above-mentioned irregular shapes are shapes
other than the shape of a rectangle, and include a straight

line and/or a curved line.

2-3. Breaking step

Hereinafter, the details of the breaking step
according to the embodiment of the present invention will

be described.
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15 step and the breaking step, can be chosen
arbitrarily. For exanple, the breaking step of

spraying steamto a scribe |ine can be perfornmed
while a straight line is fornmed. The substrate cutting
apparatus and the substrate 20 cutting nethod MDO26

according to an enbodi ment aof shhe present invention

have been described. In the enbodi nents of the present

i nvention, one nother glass substrate 1 is cut.

However, t hrhemn*é:xﬂtlroj step ¥H VESE @iGnigIe  SPOsE6Bhed EOr the

be e tq on he I nventi o

cal %é‘egp% P sbBeE Rt i PE S T onagh “Siinedd Hhereon
f obredhey sboitiing atkpr.st substrate and a second
substrate is cut. The present invention can be

applied to the case where the bonded substrate can be

cut 30 intnftéﬁrtmgmﬂ-ﬂ;elzi:qi&s? adiesmb&meagagbﬁgv\llahghlines
e at S ne ani c ane .
|norg%¥?c = p305+285’tr‘%@ﬁ$§¥%9%5%$8F@8F8&uge Sufficient

sulbsteatssexpafibiohiofethe ajoddieor glasid Stubattenteol isheprayed

i Bﬁto écrlbégln’éls%rqne]dg §Pe?g¥§ i8 %az[ba% oFgcut ?1'% ﬁozzle

gl ass substrate “cutting apparatus ca
a Berdéanshddtehitihevsdtean genkereidd gbarbanding 5anshown in

upsthakes. 53 Qfarlﬂ%ﬂ sﬁ@g’lﬁt{@tt%ezggriﬁeffixg%% bx}Iertlcal

S
bonding an up britfle materi al substrate

a PBReks ﬁﬁtﬁﬂdénﬁaﬁ@m Hhe segpbeddnesxgomndhe té@rﬂb’é:knes s

| i aefedt£ohObEELONMbIReBORISEs SubstFrate 200 by a
scri bing nmeans 201 and a scribing neans 10 202

scrlblng fromthe upper side and the | ower side of the
onded SubBle ai'lﬂea?iﬁ)&pﬁd}'eid‘l enedbefereattofal hﬁr@(ﬁ]% HHving

the , cuttin appar at us and the cutti
b ESuFEs SToEhEct A PR As P AR into the
de‘scrtbe@ll Htmm)w duke ‘Btmba raapsliary phenomenon. The
bpenetrated ligquid expands (volume expansion), and thus, the
vertical cracks are extended toward the back surface of the

mother glass substrate 1.

The nozzle unit 53 including a plurality of nozzle
porticn 52b can be provided on the guidé bar 36 and steam
can be sprayed onto the surface of the mother glass substrate

1 on which a scribe line is formed (see Figure 8}).

The mother glass substrate 1 may be broken along the
scribe lines formed on the mother glass substrate by applying
a pressure to the mother glass subgtrate on which the scribe
lines are formed from a surface opposite to the surface on
which the scribe lines are formed without providing the steam

generating apparatus 52,

Furthermore, as a cutting assisting means, the
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be cut are not Iimted to glass substrates. The

present invention can be applied to, for exanple,

quartz substrates, sapphire substrates, sem conductor

waf ers and ceramic substrates. 20 Further, in the
scribing step according to an enbodi nent of the MDO26
present invention, in a case where the scribing

cutter (for exanple, cutter wheel tips 21 and 51, a

di anond point cutter, a cutter wheel, or any other

scrabye; i § B il nﬁ%ﬁﬁdé % i %s‘é‘}mo%gll\ﬁfattgrt B®r heating

not her gl ass substrate 1, and then the scri lTne iIs
forhRl SETPINR JPPessypéngoa ipserokdn Hrekead of steam in

subgid abeibibgi ndader mpd §3F1yiNGHARM BY mad} BLhatLAE a 1aser
the scribin cutter t he breaklng step according to

t he® o Tfehtt Bt qrﬁ’e"“&é‘%‘rﬁ Y4frenti on can
effectively 30 be performed and the sane effect can be

bt ai ned, f th bj tt
on ver e usdd e ibaf et AL TBE T nalt FRLH Widh oop GERnp e
snrhﬂgheehﬁﬁ%@rlbdawhsnﬁtbeBre&knmgetépmmxhrﬁnfﬁedafter
mt{heéag#ééﬁm%‘ﬂgé” ﬁeg%n%&gqg Sub%fo';,,ebger; "B breaking

rect an ar- s SCr i
be Fimhets anetndtiniihed e t befingr petrtfoam@@sennlmeaéter the

t hrﬁﬂ{rn@{c% <§f Eﬁle(«ygrl%q 'g}oét(%éne%sai&hégg'?f%fgléal crack

retrieve a substrate with a onal
pr ésdranding eremdihe &ﬁrﬁéEabfme%dsarF@ﬂte;adnqam ehe phdgkness

or TR HANESE the Do SiaFd tReHvdgfiaia ndy 4 8390 nl thd having
%égonal sha on _the,  nother "glass substrate

STRGTOLH T RUEERELGREnEe SHh &h%ﬁa@s&tr@aé%ﬁp which
?Cﬁjﬂaﬁsd:riﬁes mndstan%c B ridd gt?@rﬁ&eﬁé Aﬁ stia?@9 ndf €he scribing
or on.t erence o t he substra . B
Lo fha e SreAkIng SOEE, Yart B st h At Prarily.  For
enbm@mmﬁ@i tb& bheahnageBtgpnmfnbpnaylﬁgcbteémthbee etribe
”Dﬁﬁnip%% eb%'B%%fb%m@%Fwhﬁqbtgdstraight line is formed.

_ The substrate cutting apparatus and the substrate
cutting method according to an embodiment of the present

invention have been described.

In the embodiments of the present invention, one
mother glass substrate 1 is cut. However, the number of
divisions the substrate to be cut is not limited to one.
The present invention can be applied to the case where the
bonded substrate formed by bonding a first substrate and
a second substrate is cut. The present invention can be
applied to the case where the bonded substrate can be cut
into, for example, liquid display panels which is a type
of flat displaypanel, organic EL panels, inorganic EL panels,

“transmissive projector substrates, reflective projector

.substrates, or the like. .
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15 to a straight line. At |east one of the three or

nore scribe lines can have a straight line, a curved

line or a conbination of a straight line and a curved
line. The present invention has been described above

wth 20 reference to the preferred enbodi ments of thgpgase
present invention. However,. tshe _present invention

shoul d not be construed as being limted to such

enbodi nents. It should be recognized. that the scope

of the present invention is only construed by the

clainms. It _should be recognized that 25 those skilled

in the art FEGREEpPeRRAYS th@adduP§at ditthatd 9d-aser gHpstrate

t 2%113‘.&&.&{9 @p@{)&t@é chbﬁb%@@? EhELiN® EQfoﬁﬁff-ﬂ ?qubstrate which
enbodi ment s sed on the descriptions of the present
i nventiogreshdyc ng d¢ithis @iﬁ tl¥p RdfSedge. It is al so

recogni zed that the patents pat ent appllcations and

by  rof or endBeqoifeq Rubr CofbF AP T el B RBR S h upper
| NDUSTRILALmARPLL CABUbISTY alVB02B0A anf% 1Aweortdi i keomaherial

SURSHALS +eUbbhBY af’tﬁ’@rsaéz]‘;!t%at g%%;sdwg Eé’rtrﬁé‘c? Y @8€"bonded

i nvention, by spraying a
t ermiéwSEttr@r’c@ 30Pfbyiamcnidiangasench20 vl aseribdng means

Whizgh tBeipehipPerbhnase i d01ad. aﬁdVﬁtélfcﬁ}ezcrsa% 3£ the

extending fromthe scribe’lines can extend in th

t hiPORAELs sulpsitgadico?08f- t he substrate. Thus, the

vertical crack can extend in the thickness direction

of the substrate w thout nechanlcall a in 10, a
the St M

bendi ng momBntt Gy i He ¥ ?ﬁt%On' the

Wi t:lmmmungeaappataﬂ@s dﬁ@phﬁg@utfhﬁ@@et&@ﬂsfbﬁtae mofthelr glass

co eac tragte is_ readi

o7 GRER CEGR GRS R BESeEAbEe o Bevalr. 14 gybstrates to
be cut are not limited to glass substrates. The present
invention can be applied to, for example, quartz substrates,
sapphire substrategs, semiconductor wafers and ceramic

substrates.

" Further, in the scribing step according to an
embodiment of the present invention, in a case where the
scribing cutter (for example, cutter wheel tips 21 and 51,
a diamond point cutter, a cutter wheel, or any other scribe
formationmeans} isin contact with the mother glass substrate
1, and then the scribe line is formed with the pressure to
the mother glass substrate 1 being periodically varied by
vibrating the scribing cutter, the breaking step according
to the embodiment of the present invention can effectively
be performed and the same effect can be obtained, as would

"be obtained if the scribing cutter 21 were used.

An example has been described where four straight
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MDO26 CLAIMS 1 A substrate cutting apparatus for 5
cutting a plurality of unit substrates from a not her
substrate, conprising: a scribe line form ng means

for formng a scribe line on the nother substrate,

and a breaking nmeans for breaking the nother substratgpoze
10 along the scribe Iine, wheggi o the breaking neans

i ncl udes neans for spraying steamonto the scribe

line formed on the nother substrate so as to

pe@%&ﬁﬁkﬁIhﬁ%ssb%%”EBEthaoﬁe&BECﬁbtﬁéﬁc 1a8%! 888k BBate to
fromthe scribe line, and for expanding the nother 15

sulsstt Bre SHi?Sftﬁétse’rfb?r%ﬁtCé%Pfﬁ%’ﬁ SRR t M fMafer straight
extid bel DEnyerdd Balfdumankaid dde1tRi ekaass rduk-eCt ik case

of the her substrate w thout appl ny bendin
T F e ot R i e sy iRl Eotea to
cut@tmgeapparahbstrameowdtngatpomygbnal smhpéelﬁhéhpresent
SCLi l.i ne udes . at a first jne_porti
andryensesloort s BBPuRba. | R Pemendl thPEsrt bRtd ptnes
t hecoskeorricibart dedrinieoa. mgmm mgtdaa@rpolngmra.‘amﬂla@mchn the

; h%r.sgﬁ.égﬁhgui)%gfaté fur\ﬁe@llolsgﬁ 8hréeq 511‘1& including
n°t he F

conbi nat i reo and the scribe |ine form ng neans
foﬁ#@eﬁh@rfm¢%ﬂ sﬁnﬁ§9h§3ﬁpréheah@n@ﬁéﬂgéd@ﬁdOﬁiﬂ@re curved

portinel Wek!l £oihea S&H I |diGunfeertnle HEaBﬁe'§u§Q€£§9e by
fromthe nother substrate. 30 3. A substrate cutting

apﬁ&?gpaglaaCBPalﬁ@r%51n5|arﬁplacﬁm@@%m% {hetier pppoainent

| i ¢ ithel pdeseatfl iheknkiisg.portion and a second |ine
portion, the first line portion and the second |ine

portion crossing each other and each being a -57 MD026
Each of three or more scribe lines is not limited

to a straight line. At least one of the three or more scribe
lines can have a straight line, a curved 1line or a combination

of a straight line and a curved line.

The present invention has been described above with
reference to the preferred embodiments of the preseht
invention. However, the present invention should not be
construed as being limited to such embodiments. It should
be recognized. that the scope of the present invention is
only construed by the claims. It should be recognized that
those skilled in the art can implement the equivalent scope

- fromthe descriptions of the specificpreferable embodiments,
based on the descriptions of the present inven.tion and common
technical knowledge. Itisalsorecognizedthat the patents,
patent applications'and documents referred herein are hereby

incorporatedby reference as if theirentirety are described.

INDUSTRIAL APPLICABILITY
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15

straight line, a curved line or a conbination thereof,

and the scribe line formng neans forns the first

line portion and the second |ine portion w thout the

scribe line form ng nmeans bei ng spaced away fromthe

not her substrate. 5 4. A substrate cutting apparatusmpozé

according to claim3, wherei-nsshe scribe |line further

includes a curved line portion snoothly connected to

an end of the first line portion and an end of the

second | i n&cpordiogs, t20 the ewbgfrattee foutstinlg nepparatus

por nggt.e h the. s n

por%dcqﬂ:dﬁi d%hgﬁscg)rtg%elntt §n %gl‘j:ngfﬁn m% ngﬁ?ﬁglhb ﬁ heated

fi riskudq ﬁéthpi)ntﬁrnmrattnéecwﬁﬂétbieme tpoexpamd &4 shbstrate

secand,hi &g PRET beglbelﬁ.lﬁes DS R CLthré‘Etlcal crack

apparatus according to claim3, wherein ‘the scribe

| i HeRdiner frael ihfescribenitees ios@ pstendnin &hpe ghickness

curgsedt ddike R HheN sad+aa3econd curved |ine portion,

the first line portion, the second line portion and

the third line portion crossing one another, 20 and

each bei ngTaAust, rﬁifgb@rk%ﬁa{} draii yefl ddtdinahe thickness

nat.i.on the first n orfion e .

SelBratit o6 EhensuRa tEeks PhEPRRE: REchePlrah ferpREYing

ateﬂé&wﬁlagpmpmeom afloagr eheoscrhaei hgnaspol ygona

shape on the nother substrate, 25 an end of the first

line portion is connected to an end of the second

i ne porti &s, aaneshaik.endtbputhgenerahingi deippirérsnin the

| S GReaked w2 b+ & tJHJdeATP{@E poe{téﬁ)@stf:%e is

first curved Iine portion is a curve I ne portion
whit€Rddvs ks okany adepdedbed sesibeléntsotot e E1Est

line portion and the end of the second Iine portion,

the second curved line portion is a curved |line

portion which is snmoothly connected to the other end

of the



-58 MD026 second |ine portion and the end of the

third line portion, and the-sgeribe |ine form ng neans

forms the first line portion, the first curved |ine
portion, the second line 5 portion, the second curved

line portion and the third line portion. 6. A MD026
substrate 'cutti ng apparatus according to claim 3,

wherein the scribe line further includes 10 a third

line portion, a fourth line portion, a first curved

line portion, a second CUE¥§$ %ine portion and a third
curved line portion, the g8 curve portion, the

second line portion, the third |ine portion and the

fourth line portion crossing one another and each

bei ngla strai ght line, a cunvedbktp&telbutifg apparatus for

onbi reof, the fi e portl
Sotonar k8o BBy thitSe b f FybsPRaBll b Pia tiifner gubstrate,
fourtﬁOMPHESp@gtlon deflne a region having a

rectangul ar shape;gp 147 f@érmﬁ(egc@ggﬁ% '35Co rg%n% socfcnbe line

the first line portion I's conn 0) an
t he s%%oﬁ@eIW?&h?ﬁn%uhﬁirQﬁﬂﬁIﬂﬂd end of the second

line portiong %r%ﬁﬁﬁﬁﬁtrﬁ‘é*ané %%nbfagkfﬁgtéife hithd r b@fstrate

gortlon another end of the third line portion Is
onneXtRE % eﬁ??%h?(%lﬂﬁhe fourth line portion, 25

anot her end Gihelrednf Othié holrbRRiRG tiddhd SifONREEL Ctheans for
to angther, end of the first line portion, the_ first

cur veP TS T80 ond 04 tBGr FEF1PEn&1pSr fPBReA PR cHhe gnother
snootdihs omtrest e tof;térﬁaiﬁi‘ai@f:gé:'hﬁ:efdnf shtblaneerticﬁl crack
portigan angd 1 of t con ortion e
secont curveépfl fie por??ng?glé‘eCLﬁ'r%fg% ‘T’?Epa’b%’r’ﬁ 5he mother
15hi ceubs toadet byytbenpect ecated tdteant ber agnto ofuttiter extend
the vertical crack in the thickness direction of the mother
substrate without applying any bending moment to the mother

substrate.

20 2. A substrate cutting apparatus
according to claim 1, wherein the scribe ‘line includes at
least a first line portion and a second line portion, the

‘ .first line portion and the second line portion crossing each
other and each being a straight line, a curved line or a
25 . combination thereof, and B .
the scribe line forming meansg forms the first line
- portion and the second line portion while the scribe 'line.

forming means is spaced from the mother substrate.

30 3. A substrate cutting apparatus according to
claim1l, wherein the scribe line includes a £irst line portion
and a second line portion, the first line portion and the

second line portion crossing each other and eadh being a



1Qeating t he

second line portion and the end of the third |ine

portion, the third curved |lidy-portion is a curved

line portion -59 MD026 which is snmoothly connected to

the other end of the third |ine portion and the end

of the fourth Iine portion, and the scribe line MDO26
formng neans forns the first line portion, the first
curved line portion, the second line 5 portion, the

second_ curv g [ne portion, the third |ine portion,

t he tﬁi"FalEE tt¢ 1 1fe SHEVEAOH 2h PX ReCPBRiRat 19 ghereot, and

portion. 7. Atlsabﬁctn‘:ia:tee1ﬁubtf<ﬂﬂnﬁpj3&\fé&trﬂé$foiﬁsfthe first line
n orm

accor di to claim1, wherei.n the scribe i n .
roans LoPEibR S i ot 1iBelpont fon s el HRaEdHve 1ine
and afbruaiieg mshye beiicly sphtsd awhyc drbactlse ancdiliefragabstrate.
a@f the nother substrate is fornmed on an externa
circunference surface of the scribing cutter. 15 8. A
substfate cutting apparatus adcosehsitrae clwliting apparatus
wher eg [ 1Of | A nr.e :

det er meﬁgfj@%ﬁ c_lﬁ cltl)sél?l oarﬁﬁggé%%ﬁ% Egé Bl aglg, egldl gee. f%tlbefr }\ncmdes
subst # W iifg Bepiiarusraetiolylisrprer-ted dionan, end of the

wher ef ird 1Ttk pe@FRbLSANG 4 BRAt bRGtHE AL dHd 1ine portions,
ribe Iine., 10. A substrate cutting

s
pparatus 2535 €3 uPhgtEe THasn M nawperdilena 15y egunegted to

- appl i gtk temd hef rihfecomdbItinat @obyibhe sami be |ine

form ng neang,when formyng the .curved portion is .. .

| ower than a E)‘Feggﬁ%ge;gp’d% garf“&n?h’ge%g QEMSS l}bﬁ Firgt line
by t heddidrhethe ceirfredniitg: peattonaed flof Fkagndtline portion.
| east one of thefirstline portion andthesecond |ine

ortion. 30 11. A substrate cutting apparatus
ccording to ' A substrate cutting apparatus

- according toclaim 3, wherein the scribe line further includes
a third line portion, a first curved line portion and a second
curved line portion, the first line portion, the second line

portion and the third line portion crossing one another,

20 and each being a straight line, a curved line or a combination

thereof,
the first line portion, the second line portion and
. the third line portion define at least a portion of a region

having a polygonal shape on the mother substrate,

25 an end of the first line portion is connected to an

30

:end of the second line portion,
- another end of the second line portion is connected
to an end of the third line portion,
théfirstcufvédlineportionisacmrvedlineportion
which is smoothly connected to the end of the first line
portion and the end of the second line portion, '
' the second curved line portion is a curved line

portion which is smoothly connected to the other end of the



claim1l1, further conprising a rotating driving neans

for rotating the scribe |linggform ng neans around a

vertical -60 MD026 axis. 12. A substrate

cuttingmethod for cutting a plurality of unit

substrates froma nother substrate, 5 conprising: a MD026
scribe line formng step of formng a scribe line on

t he not her substrate, and a breaking step of breaki ng

t he m)ther bstrat ong t.he SCI‘Ibe|I

wher e i°PR #Jrréeall’lor'f 1§’f‘e‘i’) fridtt s 9fsths W’?pﬂ-&?ﬁn@ortlon
st eanmapdt o t he scrl be Iine formed on the nother

substrate S o netrate the steam.i

verti cal cragi ext eﬁglgngm?rtgoﬂlﬁi—:g g‘??f‘ﬁeg?’f'?% thgfirst line
expandPhieome hipe hEirsubsureed liwye tberpbmne! rdiedsecond line
tea t QU t 5. Grac

Phe th skagat iy BePPAA SN TR BOELER ity B3%Enila 1ine
wi t hoR®T&PPryi ng any bendi ng nonent to the not her

substrate. 13. A substrate cutting nmethod according

to claim 12, wherein the scribe line includes at |east

a 20 Yirst line portion and & séd®ftudtse pBEting, anearatus
fir stadcicnﬁiu@fc: ﬁl’éllrﬁﬂg M&eﬁ.@gﬂ@sbtﬂﬁ? m@hte'rﬁmlther includes
I 0SS ch, ot her_ an eac eing a strai ne, a

18 v e PSR DS, B3P Rar £ G 007, DL r AOFAGEE curved

| i ne Ffiorenpogt sbrepaisequard oupedd h.)d.nl%emlﬁtlcﬁ’ﬁaﬁdfa third curved

f th t.h bstr at

the Aol Sl Pl F 8 RRurvE sk +He st pSagiie portion,
f or mithhg thérdiligte pontipurandtheaboufl Tiing pdetienatbssing
l'i ne pQr Lin@Rn¥pi 63 tdME-HT8 (_:Pg' Qgraieﬂ% ?jl-%%?r%gl?réved line

not her substrate after the Tirst

15f or M@F & combination thereof,

the first line portion, the second line portion, the
third line portion and the fourth line portion define a region
‘having a rectangular shape on the mother substrate,

an end of the first line portion is connected to an

20 end of the second line portion,

another end of the second line portion is connected
to an end of the third line portion,
another end of the third line portion is connected

‘to an end of the fourth line portion,

25 another end of the fourth line portion is connected

- 30

to another end of the first line portion,
the first curved line portionis acurved line portion
which is smoothly connected to the end of the first line
- portion and the end of the second line portion,
_ the second curved line portion is a curved line
portion which is smoothly connected to the other end of the
second line portion and the end of the third line portion .

the third curved line portion is a curved line portion



14. A substrate cutting nmethod according to claim12,
wherein the scribe line incluskes a first line -61

MDO26 portion and a second line portion, the first

l'ine portion and the second |ine portion crossing

each other and each being a straight line, a curved MD026
line or a conbination thereof , the scribing line

formng step is perforned by means 5 for formng the
scrlb%vll e.on_the ther substrate, the scribe_line

form ng SPepSi ARPOHREY RIS dio theophhay e 9f ridie third
|Inﬁ QmeL@nxtand fndnthg &he gfgﬂmd fﬁfﬁtﬂﬂﬁ?ﬂémbortlon and
wi t hout the pace rom t he not her ]
substrate af{ngrgt cpeljfer g’tlrﬁe g mipY J6ns %Danszl?mrst line
15. - Absgitdopat dheutttiinsg weirived aamarqugloho thei getédnd line
: \d']er e'p%rltﬁ.%nscrthgeﬁlelcgﬁdf %EJ&J%% I].%l ugg a Cur¥ﬁ8 third line

i ne portl on snoot connect e 0 an
first PPFﬁéonlst%rﬁhléﬁl gngvad bhmeaforie@a)ndnﬂlttee fourth line

porti @artibg.end of the first line portion is
connected to the end of the second line portion, the
scribe line formng step includes steps of: formng

the fiztst line portion, 20 fogniggbéagagyr%%gtgn apparatus

Bortlgn Oagl forn%%?ﬂthe econd line portion. 16. A

1 ubst FEFRTLRY i59gC do HREBRAPNe f6Tdbsi Tine forming means

}/\/_nerelﬂ 4 hecisitrd artitiene hfawrﬂémrgera ishepedes a alﬂsed aré % blade
i ne curved |line portio Seco

cu rve%&?é hﬂfch@ .Ll.g%‘i'ldhcol%t‘iarcs‘lis TFHE?%%? {)irt] entch er substrate

seconts fpmeégn@mtml berctnferénacespofacOnf the scribing

CrossgpgHne anot her, and each being a straight |ine,
a curved 1ine or a conbination ther eof , the first
I¥ine portion, the second line portion and 30 the

thiregline portionadghbleratel BastiAgPREFLLNRL &ocording to

regi
cr}LaJ.m 7, wherein a plurality of protrusions with a pre-

. determined pitch is formed on the blade edge.

20 9. A substrate cutting apparatus according to
. claim 1, wherein further comprising a heating means for

heating the scribe line.

10, A substrate cutting apparatus
25 according toclaim4, wherein a pressure applied to the mother
:substrate by the scribe line fbrming means when forxﬁing the
curved portion is lower than a pressure applied to the mother
substrate by the scribe line forming means when forming at
leastoneof the first lineportionandthe second line portion.
30
_11. A substrate cutting apparatus according to
claim 1, further comprising a rotating driving means for

‘rotating the scribe line forming means around a vertical



1

havi ng a pol ygonal shape on the nother substrate, an
end of the first |line portiotsols connected to an end
of the second |ine portion, -62 MD026 another end of
the second line portion is connected to an end of the
third line portion, the first curved line portion is a MD026
curved line portion which is snoothly connected to
the end of the first Iine 5 portion and the end of
the sggqpd Iine portion, the second curved line
portion 1S a curved line portion which is snoothly
connected to another end of the second |ine portion
and apsend of the third Li i.on, the scribe ]ine .
fornigé"steg_includes ste%%u%%&ga%ﬁchr%Pﬁf%ﬁh?iﬁ?%?Uttlng
| i ne PoPLPERALLEDrof ngnihestbstrates veroni mempthei osybstrate,
Borniagmﬁbfgﬁﬁgpnd line portion, formng the second
curved line portion, and formng the third line
portion. 15 PBrScaliapksiteferming atemmethberntedadsagibe line
t o clem mHid motireighidieater i Bag i ne further includes

a fourth Iine portion, a first

athird line or&%gp, ] g
curved line a0 d sterebhueebivehe med hesubstrate along
a thithke caowidd AQnlki,ne portion, the f irst line

ortion, the ond .line rfion the third Ijne .
%ortion and F§§%9855ﬂ$ %éé?iﬁﬁ??83189&5§?ﬁ§‘SUW%OfSPraYlng
anot rdreaangndachhbesomgilze stira dlotrmeidnen Bhe Uiiovgtket ifibstrate
or a [ j f, firnst_line.paortion, th .
secoﬁc{;clp ??r#ﬁ;%’?ﬁ%%?é t%%e Sgg RS P i%% ecﬂgratl‘l Sﬁa%lﬁc?"etendlng
t he oM fkhe| Aerpbet 1ome dedideexpandingn tHemwaihexr substrate

rect aR0thehenBaR8 AR dNSRbhes t%upézt:‘fﬁéllﬁ X328 ertical

the first [ine portion is connected to

15 crack in the thickness direction of the mother substrate

without applying any bending moment to the mother substrate.

13. : Asubstrate cuttingmethod according

_to claim 12, wherein the scribe line includes at least a

20 first line portion and a second line portion, the first line

25

30

portion and the second line portion crossing each other and
each being a straight line, a curved line or a combination
-thereof,

' , the scribing line forming step is performed by means
for forming the scribe line on the mother substrate, and
' the scribe line forming step includes the steps of:

forming the first line portion, and
forming the second line portion while the means being
spaced from the mother substrate after the first line portion

is formed.

14. ' Asubstrate cuttingmethod according

to claim 12, wherein the scribe line includes a first line



end of the second |ine portion, another end of the

second line portion is connegied 30 to an end of the

third line portion, another end of the third Iine

portion is connected to an end of the fourth Iine

portion, another end of the fourth line portion is MDO26
connected -63 MD026 to another end of the first |ine
portion, the first curved Iine portion is a curved

l'ine Lan ich is Qt hly connected to the_end .
of "thEBEESR AR Bl ntabeRElaRa tie die dedan portion
| i ne podt itba, sécoind kisoonbictioredtdsd npokhichNoitRe® and each
curvegohh 1 jch is.shoothly connected fo

the ot ﬁeragln% 0 1%%21%%%%# We%&b%? FSC AN e ghhereot,
of the third thegcpdbingn,inehéorhing stepvissiperfiermed by means

BOrti @fzri foAmEalk Vak |d 8 or{4 .Gh . i I
connectgd to aﬁ%the[ en _%ﬁ)%%é§}3ﬁﬂ£¥ Fﬁgh%%88%§?¥Fgﬁe’
and an end ofthmé&crébething Aerpéng otepr tihelvdesbihe isteps of:

forming step fdielideenst eags?f 11nkopBRIhNEaR4T St
line portion, fonn1nghthe first:curved |ine portion,

formng the SEFOHEY Fhe PEFPPEnling Rgtdongvwikbogscbhg means
cur veteindeppeeti fym ther v tBet Muddtivad el A€ PAHHd @Rrst line

orm he third curved line portion, and formng
1éhe féﬁ%%ﬁ?qi%ﬁaﬁéﬁﬂﬁdOn. 20 18. A substrate cutting

nmet hod according to claim 12, further conprising a
heatijig step of heating the,gcrib

substrate -cutting method acggrai%atéEQ%F%%gﬁﬁéﬁPﬂfccording
wher dichain é4s whergppl flelscoibhdimet fierttsubttc Mt @es hycurved
: Eznlﬁ%@pwﬁfoﬁ Qo8 1 NCo o ¥ E83 RAT LA PR nlaSo W& first line
15 portion and an end of second line portion,
the end of the first line portion is connected to
the end of the second line portion,
the scribe line forming step includes steps of:
forming the first line portion,
20 forming the curved line portion, and

forming the second line portiomn.

16. ' A substrate cuttingmethod according

to cl_aim 14, wherein the scribe line further includes a third

25 line portion, a first curved line portion and a second curved

' Z_Line portion, the first line portion, the second line portion

‘and the third line portion crossing one another, and each

beingastraight line, a curved line or a combination thereof .

_ the first line portion, the second line portion and

30 the third line portion define at least a portion of a region
having a polygonal shape on the mother substrate,

an end of the first line portion is connected to an

end of the second line portion,



a pressure applied to the nother substrate by the

means when
portion and the second |[|ine portion.

10

15

20

25

30

forming at | east™®e of the first line

MDO26

another end of the second line portion is connected
to an end of the third line portion,

the first curved l1ine portion is a curved line portion
which is smoothly connected to the end of the first line
portion and the end of the second line portion,

. the second curved line portion is a curved line
portion which is smoothly connected to another end of the
second line portion and an end of the third line portion,

the scribe line forming &tep includes steps of:
forming the first line portion,

forming the first curved line portion,

forming the second line portion,

forming the second curved line portion, and

forming the third line portion.

17. Asubstrate cuttingmethod according
to claim 14, wherein the scribe line further includes a third
line portion, a fourth line portion, a first curved line
portion, a second curved line portion and a third curved
line portion, the first line portion, the second line portion,
the third line portion and the fourth line portion crossing
one another and each being a straight line, a curved line
or a combination thereof,

the first line portion, the second line portion, the

third line portionand the fourth line portion define a region

- having a rectangular shape on the mother substrate,

an end of the first line portion is connected to an

.end of the second line portion,

another end of the second line portion is connected
to an end of the third line polrtion, _
' another end of the third line portion is connected
to an end of the fourth line portion,
another end of the fourth line portion is connected
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15

20

25

_63_

MDO026

to another end of the first line portion,

thefirstcurvedlineportionisacurvedlineportion
which is smoothly connected to the end of the first line
bortion and the end of the second line portion,

the second curved line portion is a curved line
portion which is smoothly connected to the other end of the
second line portion and the end of the third line portion,

thethirdcurvedlineportionisacurvedlineportion
which is smoothly cbnnected to another end of the third line
portion and an end of the fourth line portion,

the scribe line forming step includes steps of:

forming the first line portion,

forming the first curved line portion,

forming the second line portion,

forming the second curved line portion,

forming the third line portion,

forming the third curved line portion, and

forming the fourth line portion.

18. : Asubétratecuttingmethodaccording1x)claim
1z, further comprising a heating step of heating the scribe

line.

19. A substrate cutting method according

'toclaimls,whereinapressureappliedtothemothersubstrate

by the means when forming the curved portion is lower than

a pressure applied to the mother substrate by the means when
forming at least one of the first line portion and the second

-line portion.



