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DESCRI PTI ON 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

a scribe line on a substrate and
bﬂmmmummlmmmﬁmsubstrat e along the scribe line ) MD026
NP ART 15 A liquid cryslat display device

play panel with liquid crystal inserted
%% mﬂﬁﬂmgﬂ of gl ass substrates bonded to each
ot substrate i REPGRERTIPN such a display
panel *$®8%anuf actured by cutting a nother glass

substrate into gl tr i e m ned
20 size, and theﬁgééﬂg#ﬂg Fﬁi$§N§g§p§35§%ﬁgté§L Such a
di spl ay panel is al swssTRATE QNG METHODNg

| ar ge- scal e not her gl ass substrates to each other so
as to forma bonded nother glass substrate, and then
cutting each 25 not her gTEEBNIOAEtFAEBDof the bonded
not her gl ass substrate into glass substrates with a

predet er mi ned si ze. gure 20 shows a plurality of
| i nes to beTherh¥reent Apvenyion ekt heivAubsisakecutting

9l agHpEtidsHifa 868t +8t8 cud® J.%‘érrdehz'ﬂ&i ££8ut f\iﬂ?hrkﬁibstrate
gl ass "substrate 1 has a rectangul ar shape.

exal¥l £OTMANG gcSCBRG di@S odcd b tEEe, aBd Hrpaking the

MoO2Ribd tirate SNRGd ithedlsd/ivd AGd i nes 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 also manufactured by bonding
large-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 substrates 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

stress to the nother glass substrate 1 along the MD026
scribe lines. 10 By form ng the2breaking step after
perforning t he scribing step, the nother gl ass

substrate [ into_four _subst

t a.. The
Sor tHl Ay SHES G oFRe=naLAbe THEs LALER b e Sauited along
for exenplealdiseemioh (Sicrd hi agirketdonleloryd ashorter side),

subst r 1b i N evice includin ot at
anrEufeh | SRt BEA Y AR KaPnbATIA Y ARRAESE R0y atong
t he Jrﬂntdseﬂ-@i—h&stosbbstsrcaﬂéoeﬁ nolon@daabord zeartialdi riglateral)

i ped
hor LT [ S PReER ok 810RY 8 BOROEECEIASFY Then,
mot Hey aglta@sal@uwstsftare thej @qtéﬁlbﬁi@cﬁ%)slﬁmﬂ%ﬁﬁm i broken
ben(ii}ﬁ&p?ﬁ%ﬁ‘fg al p8gal s%?r!é# td ithe hotHEH gﬁ]éhé@esubstrate

not hér aSs Substrate 5 The details of t

scrilpi aﬂ@ﬂ& dhearfFiihe &r’é‘éﬁﬁ ng step will be described

bel ow. The nother glass substrate 1 is fixed on a

rotating t bI whi.ch rotatable ip a horizont

iract on. | B8 Tebmapdnbhel SESakind, ShreAieR Hapteming the
foursc&drti:lhg Etaps the mothpecgliass gubartritend is eat into four
L1-L4 t scrlbed in a vertical direction.

Thersé%fs eﬁwelaf otating table on which the nother
gl ass substrate 1 is nounted is rotated in a

horizontal ngcrégifng L85 14U} ‘@'htehmg@hgggbfagé %&strate 1

degrees. Four scri nes ~are forned I n a” spec
or ddis .af@ngxpmpds . (55step of sreribingiie mother glass substrate

1 by a scribing device including a rotating table which is
rotated in a horizontal direction with the mother 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
1ls 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 rotatable 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 rotated in a horizontal
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in alateral direction. Alternatively it is possible
that the scribe lines are forned respectively al ong
the lines 5 L5-L8 to be scribed in a latera
direction, and then the rotating table on which the
not her glass substrate is nounted 1 is rotated with
an angle of 90 degrees, and then scribe lines are MD026 ~
formed respectively along |ines3L%-L4 to be scribed
in avertical direction. In this way, the scribing
step is 10 performed. In general, a scribe line is
for r?écrquﬂrczﬁ atlithg2a apgleepfnhBeflegreesi t FQWe SGRkRg lines

wheelrd fBrﬁé&&Sﬁ&' spetafac sddP620aly BilE herLgltasBe scribed
substrate 1. A.vertical crack 15 extends froma sc

e ol B RAL AT o, AERIRL e St bp pReso1bTe tnat
gl ashes Wadintad @ ihesAlalrer ftdmesrrnet@ddumw alfowgthe lines

ther gl as uhstrate 1 not | ass
SUb St HE O o’ sees it o st Tl Ao ad3 then the
Substatattelnly tmbh@plnwmimmuengomqﬂ.aalsmstﬂa,te is mounted
scriqb [ r n hgE Str
The T st RetalBUTReL ok pdRLTGE 30 MSGSUDE] (S then scribe
scr iliads ave f@p@ﬂtmmtw@weﬂpngalim%b& LAdim bascribed

scrijheal $0etidai A reddfidi NI18! £Ris Sta 5\} hat, et E@ribing step 1is

vertlcal crack reaches to a surface 25 of a sid
opp@sitfermmed-he si de on which the scribe line of t he
not her gl ass substrate 1 is fornmed. In this way, the

breaki ng step i s preforned erforn1n the r eaki.n
step after pér PEPRFAY- tﬂesc§6%§c+4%?nbs :%¥ rotating a

rmt hﬂtt@rawe&ubslpawtﬁ the Ceitit t & Ovh@elr tﬁpjk;ﬁfersaéas onto a
Japanese Pat ent, No. 2785906 at ent doc nent

35 o Btk AEEE AFANE L7 Al teal orack
gI aextendst faiom a scrideapdnefl adong ctllrm f‘hhia’knm’]elijrcection

6 oA s a3 O 205 plate the

After the scribe lines are formed on the mother glass -
substrate 1, the mother glass substrate 1 is bent to deform
the mother glass substrate 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 side opposite to the side on which the scribe line of
the mother glass substrate 1 is formed. In this way, the
breaking step 1s preformed.

By performing the breaking step after 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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step) after a cut line (scribe line) angled wth

respect 5 to the thickness of the glass plate is

formed to be a closed curved line (scribe step). In a

scri bing nmet hod where scribe |ines which cross each

other are formed on a nother glass substrate 10
(cross-scribing nethod) as shown in Figure 20, usually MD026
the nother glass substrate 1-i¢ fi xed on a

predeterm ned table. A scribe line form ng neans such

as a_scribing cutter is noved linearly with respect
to tHSTHATRTY thafsessaguethed of netalqvdng Redlafist Habstrate

mblm atTfﬂlfapeﬂfdfGEt gakiche Fﬁﬂela magnléé:é&oaﬂtsg @h@nsn optical
e ertic i on. or alt era lrectl on
the dfig Rt atagiaasr ate. Fhe aLatS pia e dsnPanedbreaking

not hettep )glaatstSe:SLHJ&iutatJemes (renmtm@l 1ﬁxéptat@ladvlw1m1arh:espect

angl 9 €es. crlb lines are
o orp The Pt dRleEE e BE alfts Fiatd 3R, B (R be a closea
whi ctuntvesl skinde( damidse agteep PO previ ously for rred. The

appl i cant devel oped a cutter wheel tip wth a high

capability of forming a vertical crack along the
t hi ckness dilfegts@illing aefhad wheratserihe muhéch cross

suchazh a%ts maEJaer fglrﬁ‘léa syhst patgofhee! O§eskd N substrate
Japanese Pat ent 43. However, when the cross

- scriBiass 1seidtims .ﬂ‘ﬁa'-hol%) agcPhawR it FlaMEeckOy  psually the

t hemftinerdgpassi Mivstvatdal 18 £ERLARING ﬁfadéﬁeﬁmm%ﬁéﬂ&able

cr033| nt. in the nother glass_ substrate
ﬁ?gf&%ﬁy e fiofging PeanssSURh &g ipFcidpigg cutter is

scr imfeiviegd ameamg& dliltﬁCi‘bgﬁeclﬁ\ varthsahom@ﬁlgléss substrate

UiV BRBR LT G PRSP ERRCCRDe - | S 5 AR8sGoBFAPE Lipes are

t he ﬁmﬂa@agbmgs!:h@lmnacel liimfrm:rtia:rsorlﬁhengateral direction

per v\%mo@hteg %{Aéég g'srtﬁ'%. ieo tyautsa%]\é@(ﬁﬂ v;l'hi?ch tHe mother

ut ter reaches near the 'Scri
f| r Stlagisr stbisggrakse e mounted is rotated with an angle of 90

degrees. Then scribe lines are formed along a direction
orthogonal to the direction in which the scribe lines are

previously formed.

The applicant developed a cutter wheel tip with a
high capability of forming 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 vertilcal crack i1s already formed, which reaches

a depth approximately equivalent to the thickness of the
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the scribing is perforned in the second direction, the

not her 5 gl ass substrate 1 sinks. Therefore, such a
chi ppi ng 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 method for cutting the netBer gl ass substrate 1
placing it on a table of a breaking apparatus for

performng the breaking step while the front and back

surf%’c%%e oft tihe MRy Hhass hshnadise b wher 2 ReSRLng is
by epéefukinigi on ¢RBiH108t dbrecasdn by TaRR ,Yiign 8hbetitRg: wheel

nonen alon t he sc be [ i fornmed, . chi
casi14p eBahen e, the st iy aBe Bhther 14 direltion undle
subslthasesibEugtﬂmpanfermad ich siné ssednldrﬁi:h@cpmlentthe mother

d hod t_|

ol bupsfRarR £ i WBEEELBEE . oudlh $RERRERY occurs
t o avhgrasutpileat wheelf binenbvearwlﬁmehet Btagbasgbstrate along
Sumﬂl‘f@‘s@r@.?&' Th 15! {44! rrsﬁ.hagﬁek:%ioﬁeéf 't%‘éeQrBEQEhg point

the glass plate, a specral scri formng

suclPfaghe §|§e¢éb&| lipepbilngthat férst sdieemtten QIG)dfﬂF% second
25 fyicHcHidie (scribe line) angled with respect to the
thickness direction of the glass substrate. Since the
cutting face of the glass plate having a circul ar

shane as a Emodufidtifed fdr SutitiagikhesmptRée é:ﬁass substrate
angl.e

cub P fall Geobhote ok A BlFpkito A s 8oF pamorming

'Surftareebméakhﬁggsﬁeﬁ wtub]sérﬂtee frnitngnd backubarfaces of the

shape.,.The resengalnv s made

[ h
or oBEL 4EAEF Bba tHERTct SFRc oty tiad B G aiing S vertical
pr ese@ck rye@ppdying a (belhﬂi:ﬂ?g tmomendy iadeny sibestasatibe line

cut tf'ori'gle p@f‘&#}#ﬁngrea Sé‘at’ﬁjé)ﬁb%cu&“hh%ngo@&ﬁwgting motion

capabl e of eas strate a
of the substrates

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 special scribing cutter is required to form
a cut line (scribe line) angled with respect to the thickness
directlion 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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a scribe Iine so that chippings do not occur in the
substrate 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 | NVENTION 10 A substrate
cutting apparatus of the present invention includes aMD026
scribe line form ng nmeans for-féraming a scribe line

on a substrate, and a breaking nmeans for breaking the
substrate along the scribe line, wherein the breakin

meark? iRRAVAS Setis fate ulhfing apranakny (apd a substrate

havidi i np mke KA S4paE18 W EAEENY B HAISE £51ABIErA8e along
of the suypstrate onto the scribe_line forned on

t he
sub&t PEFEPE LR £ that rirPdpgsnde 2afePErRLIi theSubstrate
gxt vl Y E?ﬁﬁﬁthﬁgSﬁbfbﬁnMﬂﬁ:H& suﬁ)hétﬁal‘tie;élﬂnaﬁa cutting the
i rectiqgn t he, substrate.. 20 The scrl i ne
ot e S tBAT EhE Siq R G thedatratg becomes
| i nerepdritdadn, td hiehd imetfdceneofHorie utanidrate. second
line portion crossing each other and each being a
straight line, a curved line or a conbination thereof,
and the scribe |i R&SCHORURY QEBaHBEf ENWENTHONT | r st
l'ine portion 25 and the second line portion while the

scribe line fornin% means i s spaced fromthe
substrate. Phesybptbatei ratttredépragatiug |Pfnethe present

POr HinRfenddn ansaceed i Lerd iR fbkfiihiy’ fbahkNfor forming
portion and_the second 30 line portion_crossing each
ot h&rSehtPeLdRe s d§ulsirpipgiind g breakd ngpeeRs fprdreaking

or a;h@?ebbaa&lﬁ%f hhehglo_theaadrﬂ_a@ .'Bi?lli% bef]héwﬁnf%iéﬁmgaaking
neans forns irst line portion and the, sec

| nESG0R 1A NIPEROE PR OE! FHERPER T A Ha relid having a
bei ngmperatuyec sdffdayehtoto idwssllekipaaisdonVBi2thd mbstrate
SCri lj.ne f er.includes. a curved. line_ portiaon

o Stitey HHE it s b0 Fotaih 8o PHal Sl P8R0S oo gprtner
andextend a vertical crack extending from the scribe line in

the thickness 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 forming 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 portion without the scribe line forming means being
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5 an end of the second |ine portions, the end of the
first line portion is connected to the end of the
second line portion, the curved line portionis
formed 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 | east a MDO026
portion of the boundary |ine rs7sapothly connected to
anot her portion of the boundary |ine, and the scribe
line formng neans forns the first line portion, the
cur VRRIGheawHoriTgn el suhstedihid |ine portion. 15
The scribe Iine f urther includes a third |line

PO A L R SR e poreton
secanbd ihiey penineatedot 88 éid gk thien€ipett Lofie portion and
o0 B U oo LTS bR, U Y o 0, ramo
20 dmnepmmtihsisemmm@dUa&xmbheendaﬁmhéhecbgﬁmiddpurtion,
port n r r

tHd! ¢ éﬁﬁed fﬁﬁg éﬁ?@loﬁ P %59“88 aio%@ ﬂ6ﬁ¥égky line

haV|ng a ygona ape on he substrate, &h &N
t he defdgying ﬁeppeﬂptenminsdommm ath theagubatiratet het least

secNeoritiSnPBEt +RE. bSRRIAEF 161 1@‘ t@ﬁr%ﬁoﬁlgnle' 8R4 the at

portion is connected to an ‘end of 25 the third |Iine
port%e@rﬁt fhBoFtien of rthe) boundagyr P-F'-Bﬁ i'-§ S‘ho%tﬁlﬁéd:onnec'ced

|'i ne:cpehbtRBrWH£H1.d1S oE R0 Iﬂom@aweﬁﬁé tand e §6£‘1be line
of the first Iline gortlon and the end of the second

| i n&°TP9Mg BRarenker s dhechival 1ne negtthidh thergrkeed 1ine
al opgraidn ra3id kMedasgend namefddrtigpm first region

on the substrate, 30 at | east a portion of the first
boundary line is a curved |ine and the at | east

portion of mMBédrrneImmmﬂaryhéruacﬂuﬁayﬁmmhralineportion,

C o n %eﬁ%ﬁgt tc%r%git fflrle 'i%@x c%fxd tahgecf:oﬁ& %ué?;%‘&‘%i‘ﬁé I?eortion .

e secon CUI‘V portion1s a curve
por tthenfirsgt hmmom@m |tbesmmm yisenperttdntand hbe third

ot h‘iin%nﬂofil&ﬂ%x%%%&% Jﬁé %o‘l‘i{é(f O9n@dh iN®e9RY Qfstraight
the third 1 ne portion
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 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
end of the first line portion and the end of the second line
portion, the first curved line portion 1s formed along a
flrst boundary line defining a 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 smoothly connected to another portion of the first boundary
line, the second curved line portion is a curved line portion
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curved line portion is fornmed al ong a second boundary

line defining a second region on the substrate, at

| east portion 5 of the second boundary line is a

curved line and the at |east a portion of the second
boundary line is snoothly connected to another

portion of fhe second boundary line, the first ) MD026
regi on, the second region and-tBe-third region are

different regions which do not overlap one another,

and the scribe 10 line forning means fornms the first
| i né?fpsth iigh smepéhiyr gennegteddte ithe pdherogndt pé the second

seconthd pBetRBhtdrth ReSSE 2R tiEiFY 2dnlel por-£8H | Qﬁe second
and the thiird line ﬁortlon The scribe |ine furthe

i ncl e 1imer goFthanyds tiyrred pdong éuFFFPPFln‘éOundarY line
por tdefining iar sécond teyildmenptiié isiibstrsbec0ad Leay€tortion

{17 ehP it pelmetny LIRS HE riiEpBT s apq dhe at least
t hi radpbirid onpof ttihen sacdntihieodwdeth Jl:llrrae ijsosmoothly connected
o O M A, BRCLRACheLShARBRHAR Ol he carat
| i necqeuirani ohhetdrewet yrdibnranddhei tinird tiegidn adeldifeferent

por t:|:l cﬁ'{p le'h.%l'I HY tn%'l! 'o%rﬂ%rgtp dHL d'ﬂf‘e a Jﬂ& tﬁe scribe

reglon aV|n a rectangul ar e on the substrate,
an ng; Peang| g@mﬁh% rfﬁreﬁfcéﬁﬁ@cP@Ht%@n arthe first

end diicrvetd"'Q.J.S!ﬁ,CQiM:ﬂl'dhe RPYel is@bord AR ¥t in t hfhe second
second line portion 25 is connected to an end of the

© thi VS 81 BRE iaTodet then i d et ihiRF 139
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portion is connected to an end of the fourth Iine

POt 0%, ARSI Elnd Dt REE MR LM hE poreson,
thea fousthdwrneeﬂolrttmenpoai tfiiaeti suAavedrViaik poft¢ion, a second
Por bbbl it et P 4 RIS S R blion . e
por ttdans t cimevé ipcatt icur,veldle demqmlinbcnmr’sicﬁmr robet third line
o Bz, S Wl LA LA orf i ) ppothes
and each being a straight llne 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
a fifth 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 1ine 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, another end of the fourth line portion
1s connected to another end of the first line portion, the
first curved line 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 first curved
line portion is formed along a first boundary line defining
a first region on the substrate, at least a portion of the
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f Irst boundary line is a curved |line and the at | east

a portion of the first boundary line is snoothly

connected to another portion of the first boundary

line, the second curved Iine portionis a curved line
portion which is snmoothly connected 5 to the other end

of the second line portion and the end of the third MD026
line portion, the second curved9 i-ne portionis f

ormed al ong a second boundary |ine def ining a second

region on the substrate, at |east portion of the
secoﬁ?dr%foﬁﬁb}&li?ryllliﬁ’@ 18 acunyeddipend e @telaast a portion

I ease;fh lﬂ:h@flt@ﬂ Htfurl&h&yﬁﬂ.t&%@dié%t bﬁﬂﬁ%ﬂeﬁ tg another
SNDO conne (0] e ortion e secon
bourRfr 9% % %i‘ %ﬁ?? |3ne 'p&'nhﬁ Sﬁchg gurved line

cur st iore iposl bmmem:nlne Ip@rs:mmi Wwhychdmembedhilg ¢ddenected

ot h e [ ' Jde hort and t end f
f oﬁ’h ﬁcq{% %%gteg‘l {.‘lgoér’%fI %llh 3{ adg'uqr vegc’lrl ne T8 Pg I"e end of
i's fthqnﬂh#ﬂdaﬂgn§5par¢hbnd bbandacynﬂlqerwed lhnagpartion is

t hi r&hﬂ:l\f%i gﬁ].oﬂ é E&%HH%JEQ%&% va leeﬁéﬁiﬁliﬂg E%Eo% region

the t oundary I ne
| eastn Fhsosubsirgiterhatt hepatbpantidey ¢f nkhe jsecond boundary

SOt e/ 16N BACVEH 1haBABNE e RY 1698t o pbPe1bRidf the secona
boundary line, the first region, the second region,

t he RaWHdpTRdise 36 aRAOEReYf PPRRCFEQHORC saRoteT fpOTtion of

er ethd 8¢icond BBuhB8reUDSLE attﬁhe \MHiGJa dariey Qﬂ.ﬁésportion is
overl ap one nother t.he s qu line f ormn means

or m&* (EFed 9 P& oM ¥ He SM9athly, q99tRA 'to tne
por tather &ha cﬁﬁechedtﬁiftg 1I:1<met pﬁﬁtibh&r&ftﬁécbr_fdlg‘feﬁhe fourth
[ t ine r ir

cur g2t PRESBepc (Ehe Wit GOFKBA LRY o Remop Fafmed along
Theaﬁhit@bbunéatmdina@ﬂﬁinﬁngathisdmdgianbﬂ&hesubstrate
hﬁvgﬁglgagQageggltﬁ g'éf Fﬂ?htﬁlp%ag wﬁ%rne curved

contacts R surface o € su
an &inernand Bee @t denbdrarmer bl alfetbfe therédvmmcﬂrgry line

oA Ly el AR UG08 IS s pra bounary
vpDoZdne, the flrst region, the second region, the third.region
and the fifth region are different regions on the substrate
whichdonot crossoverlapone another, the scribe 1line forming
means forms the first line portion, the first curved line
portion, the second line portion, the second curved line
portion, the third line portion, the third curved 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 i1s formed on an external

circumference surface of the scribing cutter.

Apluralityof protrusionswithapredeterminedpitch
is formed on the blade edge.
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- 10 5 10 The substrate cutting apparatus further

i ncludes a heating neans for heating the scribe |ine.

A pressure applied to the substrate by the scribe

line form ng neans when form ng the curved portion is

| ower than a pressure applied to the substrate by the
scribe line formng neans when formng at |east one MD0Z6
of the first line portion and Xthe- second |ine

portion. The substrate cutting apparatus further

includes a rotating driving neans for rotating the

scribe line formng neans around a vertical axis. 15

A substrat e 1¢d ;89 FBEROGu+ PEhY UspA-aXUd BBhRE includes a
forn1n step of formng a scribe I'ine on a substrate,

and PeAh SRR StEF dfedr ki the t$- Rbstint e al ong

the scribe |ine, wherein the breaking step includes a

step of sprayin a heatedq.,fluid Vi n te re

Surhi ol ent. B bERaeinaobpIRa 51 Dhe REbSiARTE ve Hi omibe
t he Islare lﬁerinnlng medmnedhan folrmiagbthe aduerveal porttdon is lower

further end a.vertical.¢ra te r th
scr f%‘ ’} FTRSThe atprPl ne%s g#?e‘% [ o"ﬂ’gjéﬂp"if:J bt:"h%ﬂ]e Séribe line
substamating z@a"ﬁhewstem lferining atcledet ane|efsthe £first line

iR o 1 A R R bor (o

cr033|ng each ot her and each belng a straight line, a

curved |inepge éuSQHPhGété@&i arattlih% fﬁ%hé&-nﬂncludes a
line formng _step is perforned y means for formng

{ ho RREATE ARLVERG AT BOR SPEALANG Wife SEELPROLIRRCorming

for Mdahs SreRnd @ wdes idi shaps. of . forming the first
line portion, and form ng the second |line portion

whil e the nmeans being spaced fromthe substrate after
the first | aneupstkate cAtbbDAgbmethod includes a scribe line

forming step of forming a scribe line on a substrate, and
a breaking step of breaking the substrate along the scribe
line, wherein the breaking step includes a step of spraying
a heated fluld 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 least a first 1line 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, 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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- 11 formed. The scribe line includes a first |ine
portion and a second line portion, the first |ine
portion and the second 5 |line portion crossing each

ot her and each being a straight 1line, a curved |ine
or a conbination thereof, the scribing line formng
step is perfornmed by neans for forming the scribe MD026

line on the substrate, the scrikke 41ine form ng step
includes the steps of : formng the first line
portion, and formng 10 the second |ine portion

wi t HeRE™@%e neans bei ng spaced from the substrate
after the first line portion is fornmed. The scribe
l'ine further_.includes curved_line gor i on noot h

connect ed t d¥n& Sof- e ipFrufef; At pbFti b n%hﬂ°ﬁ ion and
an endeebnderniel portdongr therfindte1end wért hénfdndGthe second

lin ortl connected t e end e.second
i ne-i BogThon ESRRRDEGERER S Ui bl e HOPRERSLE gpasant
a dehdarp Fungeddiinei ong aa cpmbdeatiopnntteregifontbe scribing

the SURSESAhEn %ttlelrpﬁféégﬁg§{::%ﬁ[ah'b‘y\88%ng I%%IDPM?IR% Ehgfscribe

lineIs a curv east a por
t he Bamdarthe subsitradgpothe gcardheetine farmingstep includes

end @fe tdie B'?fda@.‘:r}n'iﬁ% tfxgeffféiﬁbfiﬁé '}[?off’:[& N%and forming

ste i nclu sstepso ormngt firs [1 ne
por tqf&secpeﬂn%h@etwtémwyathpﬁé e Mean s he ingr rpaged £rom

the IRCQihdtirfre RFHdOEhe? FiR i Gdrtikor W4 hedrmed.
includes a third line portion , a first curved line

portion and a second curved line portion, the first
l'i ne portiomhddurf&mbﬁﬂeEhﬁehaﬁﬁwcmmdyyheh3véammieportion

Iine 0N _Crossi.n ne ot her nd .eac ing_a ..
ot anBensg epReeL el POGIRIBRACks A1 #3351 2EhR%8rtion ana
theraeofe,nci lof fsiecoind ilime porttiom, tihe secbrE [the first line

por&)o%i% dy g ﬁoﬁ%égeal%etggréﬁg%f q:ﬁfi Qgcﬁhd %8 fortion,

por £1 on"0 i on havi Ag a polygona ape “on
thet@@bsnnaM%ﬂ kﬂn&wmbxﬁlQmel$lfermédnelpngtaomoundary line

defining a predetermined region on 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 further includesathirdline 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, 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 third region having a polygonal

shape on the substrate, an end of the first line portion



- 12 MD026 is 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

whi ch is snmoothly connected to the 5 end of the first

line portion and the end of the second |ine portion, MD026
the first curved line portiomr IX forned along a first
boundary line defining a f irst region on the

substrate, at |least a portion of the first boundary

| i netd $oRneGtesy to) ARl #F AReaferend 1ingRe¥thonf another
t he drid £ dhﬂiﬁlcﬁﬁt’?br#d rmnlag ﬁo&:ﬁmptalm y:&m&w&tdeotd Qan end of
anot n, t he first bo ar i ne, second

U VIRE (S it part e s A4mad SOt T4 dipiiion 1s

snoc durveah ridatee g dict damo twheliche nids (ﬁ!ﬂdd"lﬂl]ﬂ_ﬁ(ﬂb’l‘d]edﬂdlf to the

5 por tel ?o@%g%‘:ﬁ:@{ Q_Eng oéﬂ&g l IJ‘%HQOH oork tslréese%ond line
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secon curve I ne port 'S TOrne ong a sSecon
bourrdsridn .nethes ﬁ:!eismlqug:wdsé@md pogtfiiom girs tfmrmed along a

Su bsitirr.%tteboéﬁdéfﬁsitin% ROf iﬁﬁlﬂg aoflfg]i.e r%ﬁﬁgﬁ%lp @ch@{lystrate

line is a curved line and t | east a pOTtIOﬂ

t he MedGi¢ thBuR@AIty-on AE taesﬁ%@tshwo'emtw\et# a curved

anoutlefe Baat R ot 1 EeCpRFtienwnder yhti ffrst Wodndary line
irst glon the second region and the third region

ar & G £ PERLY28CRREFERY thide e ThendopEr Fhg &Hst boundary
anotliave, the s&@rdniaecnhrf@d llfin@ff%ﬁﬂiéﬁ% al?dﬁru)@%lﬁﬁéﬁﬁartion
: n irst line portion ornjn

|rsth5ﬁ$Vg% S ﬁ&ﬁiﬁSﬁ“eFtSPnlﬁgapﬁgh§§bﬁmf' % ﬁ@e 'secona
por tliioe, pdot tdomgridhen secbaf the vhdrbi Nne polritdengnthe second
for h hi ortion. The_scribe.l,i ne

rt PR Eihd Do pARE 7ieditla B1oR8°a K05 Bdifdary 11ne
por deddniagfa secondrvegion oo the tsubnstratsecmhdeacslna@@rtlon

|'i n%fpf?ﬂé 's%%ozi'l"&jbauhﬁhf‘g ﬁq{e\/gg 4 IR RY 1100 a%rLc{"f:Pﬁ at least

first ne portion, e"second |1 ne portion,
lin@ B@rbb@ltl|Qﬁ1taﬁd8@ﬁ@n¢mudanméip@rw FmeeHrky wgmnected

one+aNghBeher portion of the second boundary line, the first
region, the second region and the third region are different
regions which do not overlap one another, the scribe line
formingstep 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 furtherincludesathirdlineportion,
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 1line, 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



and each being a straight line, a curved line or a
conbination thereof , the first line portion, the
second line portion, the third |ine portion and the
fourth line portion define - 13 MX026 a fifth region
having a rectangul ar shape on the substrate, an end

“of the first line portion is connected to an end of MDO26

the second |line portion, anothe¥3 end of the second
line portion is connected to an end of the third |line

porti qQn,.,anot her end of the third |i orti
connae%g'&}' (O] °’éﬁbﬁ"o’f“9t ﬁere‘?‘éﬁ??ﬁgﬁ nsg‘%‘g oﬁﬂe substrate,
anot&nﬂen@hdfothehﬁlfsurliné|purttuﬂ|ﬂm1comaec¢mme¢bedn end of

Lo 108 beLoRRTRL dR U Stnd Ll BREUMhe LiBephitisle port don

I ne a‘curve e
srmot#ﬂqorummmt d® Bap ehd efidtheé thertﬂllsmelpcnretion another

5 POr td, Ay o%otgadfﬁbfd%%@%oma e QN é‘gté’&rt%d i ehB€of the

first curve I ne gortl nis orned
bourfR#sth fdeedrerhioy. angthen eﬂég@%rthﬁ] fpwerth line portion

substd dohneditd®@d! aRoPREE &N Af the £hk-ket 1RAENEGFYion, the
line is a curved line and the at |east a portion

of
t he Fhrsht BHHct e Rentdands @ Ptk diae Rprtion which
anotiesmbo thakt bofnettbbetd i tid dnadivdatiiel ENesttNtne portion

second rve ortion a curved |ine

§ s, O aftaacand dohet maridan ateiret curved
secdrjdmel poetpontiofaméd akongda Efirtd‘lEbotJhldad'yl liwe defining
por L (fg.’rstthgeégégng CULY e d 16 ROr Lion s, for mE‘Pt:Lon of the
along a Secon ouhdary 15he d§?|ﬁ|ng a second region
on ,’ﬂindrteb@marﬂﬂapeais heagtvedd .'pmne jamd Uie altclemxipagportion

boungagye fi]ﬂset 'pouh lfryvfgnla'fse #‘E)ne | ? agnh'é%%'édato another

portion of t secon boundary snoot

15 conmeattden efakbe heirpbaquandagty hﬂm@.sﬁbgnaegeuﬂd@mvved line
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L Ngyorith@nt hg fadcﬁkl{rlé&dliﬂé‘ﬁo?@%h%iéh 13 gﬂ&&@ﬂl&lé&nectea
portion which is snoothly Connected to another 25 end

of tHPeothpraerdnet joe issieol ldmeepersfiophanfotherend of the
li nenhipar1ins, gdﬂtqdml tHe WHAAMH ELROeRU LA DOrE 1@ 1B Formed

along a thir boundary line defining a third region

on nguﬂsFF‘&‘Pé' boundary line defining a second region on
the substrate, at least a portion of 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 smoothly 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 region on the substrate,
at least portion 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 £ifth region are different regions on the substrate

which do not overlap with one another, the scribe line forming
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at least portion of the third boundary line is a

curved line and the at least a portion of the third
boundary line is 30 snoothly connected to anot her

portion of the third boundary Iine, the first region,

the second region, the third region and the fifth

region are different regions on the substrate which MD026
do not overlap with one anotherldthe scribe line

formng - 14 MD026 step Includes steps of: formng

the fjrst ortion, f ormng the f irst curved

I|ruf?ﬁﬁt*%ﬁlu@g%rﬁFﬁﬁstﬂg s&esMdng ithe fdmstontine portion,
or m fMgenidrey seeo Fd ret catvedneiper pbgaloﬁ Ofajf_-lﬂgngtﬂ@e second

th I tiqn, f. i th d
por 11 B¢ PerETGh: dhemitsd the Pobpid e fLiEF grr thpe , forming
substhreatbicdtlinegpaethonl, ffuririerg the ltihded curihediling portion

o Pt SYRIHR S SRl I o B o

showi ng a structure of a substrate cutting apparatus

100 accor di g d @y RO TR Pindtina ¥ éﬁﬁﬁ%) includes a

invention. Figure 2A i1s a front VIGM/Of a
headeR} ingisfigk of3 heatinghthamseribeflinecri bi ng

head 20. Figure 3A Is a cutamay V|em10f a cutter

hol der 27. Figure cutter
hol der 27. FlgB?EIﬁAPF§C%I?TBﬂF QFeRFEfDBAgEWF§|ng

cutter 21. Figure 4Bis a side view of a scrlblng

cutter 21. e 4 an _enl arged vi ew of a par

("All part) ';Jj%fu %gﬁa&rﬁ& %l'tﬂ"? g?f%ﬁ%°%?gﬁﬁt§trate
4B. cEitguimey Bpparatus dOOvViaeworfdimgs do ineg drtadliffent 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 i1s a cutaway view of a cutter holder 27.

Figure 3B is a side view of a cutter holder 27.

Figure 4A is a front view of a scribing cutter 21.

Flgure 4B is a slide view of a scribing cutter 21.

Figure 4C 1s 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.

Figure 5B is a front view of main parts of a scribing
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Figure 5B is a front view of main parts of a scribing
- 15 5 head 65. MD026 Figure 6 is a front view of a
scribing head 66 of another exanple of a scribing
head using a servo notor. Figure 7 is a diagram
showing a vertical crack extending neans included in
a scribing head 20'. Figure 8 is a di agram show ng MDO026
anot her exanple of the 10 vertl®Zat crack extending
nmeans. Figure 9 is a flowhart showi ng a procedure for
cuttl the substrate according to one enbodi nent of

t he ‘ﬁ%%s%%t invention. 15 20 25 Figure 10 is a

di agram showi ng an exanple of lines to be scribed set

on a nother gl ass suhstrate used scribjng ste

accor di ng tdﬂﬁﬁgxéﬁg&ﬁlﬁe o Vﬁgprgs%nfcr+h%%&t?%ﬁ$ 66 of
Fi guareo ey | examplieagsfina sdroviibn@ vedd i Cslngrackeivatmotor.
occurs when a scribe line is fornmed by a scribing

cutter 21. Figure 11B is a diagram showi ng a vertica
crack and &dawnezoht &k er atlagren ehcuing\henvamdable crack

i nesSead f #gxheéﬁg (ﬁ%?dégdmhﬂngt rf%&yiz 26 1S

a di agram show ng an exanpl e o i nes to be
scribed set on a nother glass substrate used in the

scribing st engaeosdisng dfaémﬁn eRbRdngEMoPhet Rkample of the

present . inventiqgn. -
vertical crack extendlng means.

FPigure 9 is a flowchart showing a procedure for
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 11A is a diagram showing a vertical crack that
occurs when a scribe line 1s formed by a scribing cutter
21.

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

by a scribing cutter 51.

Flgure 12 is a diagram showing another example of
lines to be scribed set on a mother glass substrate used
in the scribingstep according toone embodiment of the present

invention.
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MDO26 Figure 13 is a diagram show ng yet anot her

exanple of lines to be scribed set on a nother gl ass

substrate used in the scribing step according to one

enbodi nent of the present invention. 5 Figure 14 is a

di agram showi ng, yet anot her exanple of lines to be _

scribed set on a nother glass substrate used in the MD026

scri bing step according to one lénbodi nent of the

present invention. 10 Figure 15 is a di agram show ng

yet anot her exanple_ of lines to be scribed set on a

not her gl as$igyFst L3tts Fsddagram fROVEPPLY R anqther example

aCCfodilmgefsgt@rtﬁa eekadiedesét adn tahfhomh@i'e@].afk ﬂ%/lﬂﬁ%i:ﬁeﬂte used

15 Figure 16.js _a diagram show ni ne supstrate a

ar v AE sAFthin st RBHRR A pParmptindrh of thimresent

a diiagyearhisimow ng yet anot her exanple 20 of lines to

be scribed formed on a nother glass substrate 1 in the

scribing step according to one enbodi nent of the

present i nv&dguae. 1&i igiree didgramasbiowingnyst amnalthemetexample

anoLe] 1 RE8TEY e Sorbhelt' 0GP dif fioPAEELGEaS O ML Aafe used

not her gl ass substrate I'n the scribing step

accéndihfys eplbhrg sipp@anandisgrg thene gmbosiimentefthepresent

Fi guneeh®ilbs .2 di agram showi ng a part of a substrate

30 cutting apparatus capable of cutting the bonded

substrate fornmed by bonding two substrates. Figure 20

is a diagrapighiewi 1g id aegibgrin SK6WDRE yet Gnd¥RdF 2xample

6 of lines to be scribed set on a mother glass substrate used
inthe scribingstep according toone embodiment of the present

invention.

Figure 16 is a diagram showing nine substrates la

arranged on the mother glass substrate 1.

Figure 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 showing yet another example
of lines to be scribed formed on a mother glass substrate
1l in the scribing step according to one embodiment of the

present invention.
Figure 19 is a dlagram 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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set on a conventional nother glass substrate used in

the scribing step. BEST MODE FOR CARRYI NG OQUT THE

I NVENTI ON 5 Hereinafter, enbodi nents of the present
invention wll be described in detail with reference

to the drawings. 1. Substrate cutting apparatus 10 15

20 Figure 1 shows the structure of a substrate cutting MD026
apparatus 100 according to one ¥hbodi ment of the

present invention. The substrate cutting apparatus

100 Includes a table 31, a guide rail 32, a guide

r ai 15833 Oy &|Gaysrend4lonnls nofdier Jplass fnRrtIRke I5ehdln the
a |l igwabing dtel/. and a linear notor 38. The substrate
cutting apparatus 100 cuts a nother glass substrate 1

In order to manufacture a glass substrate for a

l'iquid crystEHSTIIMQUIERWORR\GARRYING o0 [FHE QI NAVENTION
substrate 1 is placed on the table 25 31. The gui de

rail 32 and the guide rail 33 are provided in

paraIIeI on Heatell nsifdes oemblodimebite 8f. tBE Aiesent darvention

34 |5 100 gyl @@%Pﬁo%{f‘ qui awitﬁ%: %retr{):ae%ﬁ)h%% drawings.

slider 34 1s ong he guirde ra
slider 35 Is provided on the guide rail 33 so MD026 -

18 that thg s@hgg&rgiés%dgﬂfygﬂéiﬁgfyghghe gui de

rail 33. The linear notor 37 includées a stator and a
nover. The stator is arranged along the guide rail 32.

The nmover Figure 1 shows the structure of a substrate cutting
apparatus 100 according to one embodiment of the present

invention.

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 guilde 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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5 noves along the stator. The |inear notor 37 slides

the slider 34 nounted to the nover al ong the guide

rail 32. The linear notor 38 includes a stator and a

nover. The stator is arranged al ong the guide rai

33. The nover 10 noves along the stator. The |inear

motor 38 slides the slider 35 nounted to the nover MD026
along the guide rail 33. The gul8le-bar 36 is

hori zontal Iy bridged between an upper end portion of

the slider 34 and an upper end portion 15 of the

sl i ddrazstherplider pihglhertidable #nnd cthe o9gh@e rail 33.

gui de bar 36 so that the scribing head 20 is slidable
along the g bar 36. The_defai]s._of the struct re

of the scri E""&‘Fg 1&8&&’-’ BEtos W I INGIRE & Shatora a mover.
The Md sttatior det Arpgngpfasabbng W g‘uﬂddwehﬂlnelzude-she mover
a caontrol ectl n. The con ection,in

T THEIE 2 TE5E Y ot el T TR 1 BFS4 ROL0R Y 18T Rads the s11dex
43, Tomiouwltesd 25 thle mowor idlorgy hidesl glride mpbt32. 45

and a third driver 47. The controller 44 controls the

first driver 41, the second driver 42 and the third

driver 47. FherThdnparsmofer\d§ Lickrdesa shatoimand a mover.

ot qrhéét'a@oraﬁﬁoéfif‘QESe&" éibﬁ@Qt&Ogﬁ\r 1¥e B¥16h83, The mover

controller 44. The second driVver drives the [inear
nnt&PVﬁ??%P%%&BP@&ﬂi?WmtWhPH§nQ§mPPéPr&P$%%de5th351ider

contIxickintdl to kthe MPZLH HIond i3 ASIEOraH 53,
provi ded in a nei ghborhood of the guide rail 32. The

slider sensor 43 detects the position of the slider

34 which sl mtesgeidé whit 36 iQiHora&tﬁl'lﬁndL}O%ﬁ:ﬂ'db%ddﬁéﬂween an
indicatin% ahe df%ecte siiign t the, controll q t
44, “PRES AP P 2P o7 Hhe §LidtheS L @b ARy URREH énd portion
dri wifhgdhe slider 35.

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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nmotor 45 in accordance with the control by the

controller 10 44. The scribing head driving notor 45

is provided on the slider 34. The scribing head

driving notor 45 rotates a ball screw 46. The

scribing head 20 noves reciprocally 15 al ong the guide

bar 36 in accordance with the rotation of the ball MDO026
screw 46. Figure 2A shows a froit of the scribing head

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

20 The scribing head 20 includes a head nmai n body

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

cutter hoI dg]he 2ligeer isbhagrmlid tiqy p&?vi@@@hgézﬂét&_]hborhood
nean an verti e I N means

forks he et SFhiiopz L ARE SAGRRL AhnTetds Hitqqts the
be dnsmrtinnjdﬁuuhe sTHdeead whiahbsmydeecbnon g2ide rail 32

| neliftp A Wt Inadldhd SfOAEONA A dNE A %o the

24, q@ﬂtﬁn&iﬁqxﬁilon 29 is formed 30 in a | ower part
of the head main body portion 22. The bearing case 26
is acconmopdated in the recesséportlon 29. The bl ocki ng

axi s 25 in pheviiyted gridvier ¢ hdmises thescrilgngbgpd driving
PoOr higtdr AsPahahbebrhhBet RELEPERE! @o@@rof%gth-@ &ontroller

bearing case 26 rotates around the axis of

splﬁ& e 23 within the range which is bl ocked by the

bl ocking 5 axis 25 An end portion of the beari ng case
26 is conne end

the d and her
portion of h& 585 PAgg gggg %iY g mebR a§$ 1% (BF Tigded on
bl odthienglades 285. TMhe bearibigg head aﬁihmhdSméfmr 45 rotates

cut teg ?gl? ﬁ? o that th e hol i.S
r ot at able g';:{a e%earﬂ% Sccalgié %bg erie(?é) ijoe moves reciprocally
along the guide bar 36 in accordance with the rotation of

the ball screw 46.

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 headmain 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 1ls accommodated in the recess portion 29.

The blocking axis 25 in provided within the head main
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The cutter holder 27 includes a cutter holder main
body portion 27a and a rotary axis 27c. The cutter

hol der 27 is nounted to the bearing case 26 via the
bearing 28 and rotates around the rotary axis 27c.
The cutter holder main 15 body portion 27a is forned
integrally with the rotary axis 27c having an axis MD026
orthogonal to the surface of 4h mother gl ass
substrate 1. The details of the cutter holder 27 wll
be described later. 20 The energi zing nmeans 30 is

pr oRQfBH RAFtin ddp\nanddek orklily the sspimdleRrs.
energi zing neans 30 is, for exanple, an air cylinder.
As the ener% 2|ng nmeans 30 2£gl|es forces to the

bearing case PFePERTIRGGERER Mt hP tkRE iaronngd tbg ayls of the
t he sgmrndmmgscwﬁﬂein &i;thangéevH:L(Hra&}é @M@cé’é Q)yaﬁﬂetth.ﬁ)cking
cutter g ho de e ScC tggpg ter
scr e PRes Fhine ok, R BefhLpf gase 2678 connected
scritim m@ecapuadleszsfandebhnnduner-anﬂlpﬁnndonooﬂtthe bearing
cutt 0 t T scrnibi ng, 3Q.cut

‘HseP26d eghto e ro{’if’h he 'Bi oC & PP ggry gﬁe bearing

21 is provi abl & around the 1ot
19, case 26 hmlds hhet et tex therl dest QérSQ'/thth Gheec@ptes holder

2 CURWY rotel Al R (R P Dage g D026

Figure 3B is a si e view of a cut
Figures 3A and 3B, the sane conponents as those in

Figures 2A ahd cdBrarhSEiOt &F Vi@ eS2BECLEEEF S Eder main

nunerals. 5 The cutter holder 27 includes a cutter
hol &?é’rdynﬁf’ﬁtiBBdFﬁ(ﬂ’%‘F Gh ToERTIn@*d sr 87 8ry THE Sutier holder

gr oeveipcmdsmeﬂed X twai BBaﬁﬂﬁQScQQé\Wde.al ﬁhéowsﬁlihg 28 and
m$ part _of é5§§= ter ho der mai n boaé gort

2722 SFRERRREPyna e SRR, PR il enddiprlF BoFdioLder matn

f or bedyi poahioppzTa play tfoﬁtinefdh&n‘t&btr:&tl.lirowlﬂﬁhdﬂﬁe NPdtary axis

bod 0 27a T e Lq 2

r ot ét" %bf‘y"gp‘g easr |°|’71:g c aéB%\(?I gthﬁuﬁgﬁ?? }f Jdre mother

Theglass substrate 1. The details of the cutter holder 27 will
be described later.

The energizing means 30 is provided in the above the
rotary axis 27c. The energizing means 30 is, for example,
an air cylinder. As the energizing means 30 applies forces
to the bearing case 26, a predetermined load i1s 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
motherglass 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.
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scribing cutter 21 (for exanple, a cutter wheel tip in

a shape of a disc) is nounted rotatably around the

rotary axis 19 within the groove portion 27b. The

scribing cutter 21 15 is held so that the ridge of the

bl ade edge of the scribing cutter 21 is vertical to

the nother gl ass substrate 1. Figure 4Ais a front MD026
view of the scribing cutter 21.21 Figure 4B is a side

view of the scribing cutter 21. Figure 20 4Cis an

enl arged view of a part ("A" part) of the scribing

cut PSS ABWAS | & sdidgurd et TheuddigthPrddedt gér 2En Figures
i's, F0EnX38)| eheasabt €ompPpbREhtst 49. tHHEe SIK I d@res 2A and
hea 1 shown it%ib%ur% 4A- AC ise}fg sclosed 25 in
JapdtedE PABRT Ko P33P £RMN HGFERAT BHRETAYF -an

external circunference face of the wheel (dianeter f

, thickness ' 0 i sG.af the L bi.n
cutter 21, g\% ggté@%%ggggq{%éi@ grn 8\%‘%&? 8n°€ﬁéelr:ih geder main
of thesly3@obitddas d8dgeafdaawhdotaryraxisdeioc outAivagmbave portion

shapglhdchlopentNd Qh@ggdeggefgwe&aﬁnaﬂ P&Sé’ffp rt of the
angle.. A plurafity of &Lotru& ons | - WAl ch protrJdes
out Watder hpldsrymeis hpdW mopEdget 27 ndheinatiary xis 270

f or Rd BekH&n 84 3PRra8W0s EHimedy ifx%[rf"ﬁ?ﬁeg'r €9f0the cutter
the _ridge portion_of the bl ade ed&lgé e pluralit
r

of
pr ot PdSEgnRaln hRdy RGN 2% o retary %ﬁ‘%ﬁe’f'&l’ sts held
and_rgamablpebyegﬁgnbé&ﬁlmgt Baﬁée%slakﬁaibg?/@.bd‘&%ng 28. The
scribing.cutter S ver [ capabi | i t 0
for rerdbaRgL EhtLaT B35 Robn ekl 8 Rttrrypneel t1p in a
subshapkeof @edisc) tiremonhited 0bessablp Hrcaindl theatovgry axis
t he ;t,hj ss,..direction of,the ittl e mater.
LopdBrEERERC LA ERSHLEREILAOR Pin. | ha Hetiding cutter 21
deepsdeel@ smarthad thenetdgédbo® dher blatikeedge wf eihee safribing
cra [ e hot,i Lodir [ I e rf
of “EET el ar1BnkbERILA (L FhE AR G161° AR e 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 21 is, for example, 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
(diameter £, thickness W) in a shape of a disc of the scribing
cutter 21, a blade edge 21b 1s provided on the ridge of the
blade edge 21a which protrudes outward in a shape of a "V".
The blade edge 21b has an obtuse angle.

Apluralityof protrusions j, whichprotrudes outward
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restrai ned. 15 The scribing head 20 included in the
substrate cutting apparatus 100 has been descri bed

with reference to Figures 2A, 2B, 3A, 3B, 4A 4B and

4C. The structure of the scribing head included in the

20 substrate cutting apparatus 100 is not linited to

that of ° the scribing head 20. Hereafter, a Structure MD026
of a scribing head 65 will be 2@scri bed. The

structure of the scribing head 65 is 25 different

fromthat of the scribing head 20. 30 Figure 5A is a

si defifhe@ Bredatesmined pithnd ig5forppd e WEe bdage edge 21b

f r orly \HoR 19 gEvaaéféﬁ Ae LRARL Po@t%nhﬁﬁdthé%lga‘é edge.
5 includes a pair I

h | 5
sorifing hesd 851 K oratrusibaed haseRtFbipmen the ofder of

spi ntlerdnbet e ad it des afddudilzad W't Afhe haked eye.
cutter - 23 holder 62b and a pair of flat bevel gears

65f. MD026 The servo notor 65b is held in an inverted

state of sﬂ&penstdhibgtwaemerhelphas afverylchigh lcapability

65a. i 5

e o RgE Y e b B 01 pRd o onaBlL fof Wpatrate
L vil@wtt .f tdve modihgg, gl@sm ceugddra teotlat @dlonarthendthickness
the SRNA 1§08 tﬂ_@%r&%tttl%r mQQEPQEl(igL?b&‘P%gé tailﬂsé}?qfdingly,

scribing cutter 2a rotatably around t
The acﬁ?r-‘éiicﬂélqmclwéthsa feem dePrth qar perfoyped. Moreover,

(1. &he bbeurkgftehendsd des 11k tﬁbgﬂéﬁiE&'L@Slt&@ré@ff@ﬂ along

hol di.ng assenbly 65c. The servo notor 65b adj ust s
r ot d:tl'ieons‘t"éf'ﬁﬁ% of ket hriddls meterisdp %qhmaaﬁea gan be
resp@atiradnie@.a change in

The scribinghead 20 included in the substrate cutting
apparatus 100 has been described with reference to Figures
2A, 2B, 3A, 3B, 4A, 4B and 4cC.

The structure of the scribing head included in 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 scribing head 65 is
different from that of the scribing head 20.

Figure 5A 1is a side view of the scribing head 65.
Figure 5B is a front view of main parts of the scribing head
65.

The scribing head 65 includes a pair of side walls
65a, a servo motor 65b, a holder holding assembly 65c, a
spindle 65d, an axls 65e, a scribing cutter 62a, a cutter
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the scribing pressure based on the fluctuation of

resistance force that the scribing cutter 62a

recei ves when the nother glass substrate 1 is

scribed. 20 One of the pair of the flat bevel gears

65f is attached to the rotary axis of the servo notor

65b and the other of the pair of the flat bevel gears MD026
65f is attached to the spindle 23%5d so that the pair

of the flat bevel gears 65f engage each other. Thus,

as the servp notor rotates he for war d/ verse

dlreﬂﬂ+% 4Raqﬂécﬁwp?&ﬁcﬁ%gfg'EéﬁﬁY?fG%%aﬁiv E

and down mAth t he spindle 65d as pivot. As a result

the scri bi sutter S U th

respect to the s?uvPa’Sgg?)F%/ i%?ﬁgg:g \Mgﬁfﬁgttregt gtate of

1. 3Dadpensiord betwedn dhie padw of sidemwdlily 652ad 66 a lower
t ri [

A R s o At s T

in PRRRW eélichzhasp@oszﬁamoain& Sheved Mtaeéigy t he provided

Samer-d & I G AU e Sthaidigggiescription thereof
will be omtted. As shown'in Figure 6, the rotary axis

of the servo 5 notor 65b of the scribing head 66 is

directly comectadtee hbnaebcdmrsuwodﬂt@tﬁéssaiawing cutter
650._ Hereafter,. the o ons of

e scribin
o0 CAR e ARt S EeR ey At SR | TRt EHEFOF diRLder 62D
todHLsgugoemtelﬂ ivAa Gﬁ-cﬁml partAy it.hke sarﬂd)imiggme-adam&&ide in
n ri tor in a [
2ont56jtﬁ @ ({}1? tﬁ% dgfn%ﬁ\ss 'gbsj%v %"Up and

down so as to be p03|t|oned accordlngly 15 During a

scribing st 'QerWE gt frdﬁt% ldsq:%stﬂ ro‘: k ﬂ POrque of
t he not her ei‘?'ass Su g“ltjhe scri |ng % Eg d
the servo motor 65b immediately responsive to a change in
the scribing pressure based on the fluctuation of resistance
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 1s attached to the spindle
654 so that the pair of the flat bevel gears 65f engage each
other. Thus, as the servo motor rotates in the for-
ward/reverse direction, theholderholdingassembly 65cmoves
up and down with the spindle 654 as plvot. 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 Figure 6, the same components as those in Figures



65 and 66, the servo notor 65b generates a rotation

torque in order to return the scribing cutter 62a to

the originally 20 set position when the position of

the scribing cutter 62a noves away fromthe position

preset in the servo notor 65b. The driving contro

section of the servo notor 65b controls the rotation MD026
torque so that the rotation tordbe-does not exceed a

set value The controlled rotation torque is 25

tra to t he cutter wheel 62a as scribin

pres f & BvatBesapue, oe ef?n?ﬁa?gTEFals' and
t he tsmes v@emi-npti&ﬁbt}a@ﬁééfwmi ob€ eombbted. presses

the not her gl ass substrate 1, to the scribing cutter

62a, as well as controlling the position of the

cut t er wheel A2shawra ipeFpgudecé] arhelirarnwexid0ofhthe servo

55Cr 'npd'l{kﬂre LAl %h@ngcﬁﬁb%ﬁﬁ ﬁj%?%%éq.rva Ec’:?r].{[hgggnected to

ng heads can a
rot ath@mqm%eh@ldxm geFeb Hpt ©FC 65b | rmedi ately
responsi ve MD026' - 25 to a change in the scribing

pressure based on the fluctuation of resistance force
that the scHaioRf%ak + dhecoreratéprnesof \ithen scrd bdpdnbeads 65

gl asndgSii Bl deldb§ceebberh dé%aalrﬁﬁﬂhtneféreﬂc@ks Figures
scrl %U%IS grformed to formscribe lines with

hlgﬁ %ﬂ)Fﬁgure 7 shows a vertical crack

extending nmeans included in a scribing head 20'. In

IS e A8 P ETRESAE A pbIRE AL A Bt motor

anciﬁﬂmeideacpopitbunihgramﬁtmmlImodua dhet sedtibIhg cutter 62a

sr i B NeR%e? Und IS QL e il 6 Blg 20 Aling1y.

al so functio as a reaklng mechani akl ng
1515 the nother glass substrate 1. A stean1generat|ng

appar at us 5%&&@ &egéffﬂinﬁrﬂ?&) 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
20 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 torque so that the rotation torque does not
exceed a set value. The controlled rotation torque is
25 transmitted to the cutter wheel 62a as a scribling pressure
for the mother glass substrate 1. That 1s, the servo motor
65b applies a force, which presses the mother glass substrate
1, to the scribing cutter 62a, as well as controlling the
position of the cutterwheel 62a in aperpendiculardirection.

30
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 servomotor 65b immediately responsive



10

15

20

25

30

ext endi ng neans. The steam generating apparatus 52
generates steam as neans for breaking the nother glass

20 substrate 1. The stream generating apparatus 52

makes vertical crack extending fromthe scribe line

in the thickness direction of the nother glass .
substrate 1, by spraying steam 25 onto the scribe MDO026
lines formed on the nother glas3d5substrate 1. The

sprayed steam has a tenperature sufficient to expand

the mother gl ass substrate 1. The steam generati nig .
appatr@ I dPUhe seTARIL RIS S SWhe PesErHP shg fluctuation
f1 exobl e dinsrardd floricePdhaitn@het eamibhihgueht Be 0824 Ereceives
head .52¢c inteﬂgégllyﬁunte to the _cutter hol der

27
for HETHitRS PREDSE T17TR) RS2 A Lahid 5F e As a result,
por ta cstathlel dariltsirag i pdidomieadm o ofswirseribe6limes with

VDO e i ody portion 52a is nmounted to a head
mai ﬁlﬁ mod@ﬁ%%ﬁﬁpbn 22. One end portion of the hose 52b

is provided to the main body portion 52a. The ot her

end portion#%ﬂ)ﬁgei“@ﬁbw%éghgggQg%% clgd &o nding means

nozzl e head 5 The nozz is rotate
i nt egtetudediiim 3 cripingtherd n2 ter By Edpires the the same

axi cdnpoheiftd idealkhdbeehi Pgudds PR 20NdrB08Eh8Pf by the
the hose 52b is connected to the nozzle head 52c so

as (MW Tehededfe RURSF2LS paPfi bhesdascrirhleni therept will
a | eeronpartedf the nozzle head 520. 15 In the nozzle
portion 52d, a steam spray opening is forned in a

shape of , for exanple, a circle, ellipse, rectangle,

or slit. Th&@heozzkebpagtheadSdel' siy prdvidedivantRetdeide bar

ScrH%?and also functions as a breaking mechanism for breaking

the mother glass substrate 1.

A steam generating apparatus 52 is a vertical crack
extending 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 extending 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.

The steamgeneratingapparatus52 includes amain body
portion 52a, a flexible hose 52b for passing steam through
a nozzle head 52¢ integrally mounted to the cutter holder
27 for holding the scribing cutter 21 and a nozzle portion
524 for spraying the steam downward.
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20 lines formed by the scribing cutter 21 so as to

heat the scribe lines. Figure 8 shows anot her exanple

of the vertical crack extending neans. 25 As shown in

Figure 8, the steam generating device 52 may include

a scribing head and a nozzle unit 53 separated from

the scribing head, instead of the structure that the MD026

st eam generati ng device 52 inclafded in the scri bi ng

head 30 20" includes one nozzle portion 52d (see

Figure 7) . The nozzle wunit 53 includes a plurality

of nozzle portions 52d. The nozzle unit 53 is

provi ded on THeemgihdsod@rpcttidH t5l2at he maui thed b:gi’ a3fead main

bei ved .in t Y direction, steamis sprayed - 27
g%aéptpoﬁmleor%uz%’ace of the nother glass substrate 1

on which the scribe |lines have been forned. A nenber

ga\” ng a sli eh%ﬁgbﬁgpﬁl.gﬁ”g 'El{]e thlrl) S%a%nhgspég{rf%eggto the

pening in the iTectron shown in

pr oviaday bodwt @egtdont RRanozZhe cuhh@rnsm mpm«abmné the hose

ACCH NG LA T e %%121;119 HURAAdIS of the

present invention, steam whi as a tenperature

sufficient 10 to expand the substrate, is sprayed onto

the scribe |TihBeﬁ_ozQl!etﬁ@am:hﬁrlﬁkaﬁétéabﬁﬂfé?aﬁali@'v‘i':l.th the
I nes. 1 n

ext en t h rtical cracks fromthe scrib

©he ittt Bol S 82 ppRuBE ThAcsElpoin f FerE ople direction.
St ehes prragedendt potbeoneoEi ﬁﬂé K6 9€ ks2havd "ebnnected to the
eheR e BebHs 088 o, S T BhBaly K ikt b Lon s2a
The isppretidedd ini quildwes @mpﬂndﬁﬂt&@uMo@dle head 520.
expansion). Thus, the vertical cracks are extended to

a back surface of the 20 nother glass substrate 1.
In the nozzle portion 52d, a steam spray opening is

formed in a shape of, forexample, acircle, ellipse, rectangle,

or slit.

The nozzle portion 524 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 generating device
52 may include a scribing head and a nozzle unit 53 separated
from the scribing head, lnstead of the structure that the
steam generating device 52 included in the scribing head
20' includesonenozzleportion52d (seeFigure7). Thenozzle
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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Furthernore, as cutting assisting nmeans, the scribing

head may include a | aser oscillator for heating the
scribing lines using a | aser beaminstead of steam

The 25 scribing head 20 may include a | aser oscillator

for drying noisture. Thus, vertical cracks can be

extended in the thickness direcfion of the substrate MD026
wi t hout nechanical ly applying- 80 -a bendi ng nonent

along the scribe lines. As a result, the substrate can

be cut by easily breaking the substrate al ong t he

scrigtq the syrfiage ofi ppengothergglasprsubstrateotcer which
i Nt 4hisigatofle K & Bnat i fgrmad i on of  the

substrates. In the exanples shown in Figures 1, 2A, 3B

and 7, 5 the scribing cutter 21 functions as a

"scribe |ing hembepthavang 4 @niftonas nge@:crﬂobmdd AAStRE steam

a substr te". The stea ati devi c i, ONs

AR (Rt Pobhe LA Rt e S0k B, ELaRBRE . may
t he 'rse::rpﬂ]:ef:llddﬂésll'nsfléhai re zttee oodd o Wbl rienciowsd above.
as an "extendi ng neans for making a vertical 10 crack
extending fromthe scribe line in the thickness
di rection oﬂ&cacolwl:lm to the spbayiragjeacuietling appardtus of the
ONt Gyaldhen SEEYBEL L RS BT L hS SYBRPERLErE e csctent

heat'e aV|ng a tenperature Su to cau
expatmsueewaaﬁ the substrate. isoseyayedcertc cUmpoirgnibe lines

'anHﬁQﬂe'HoEH@rsﬂgﬁgﬁagﬁbgﬂkﬁfgg ]@hfﬁngﬁfﬁﬁﬁb(ihérV%rtical
present inventionis not limted to the conponents

shofitacksFEgamethe scmibadlnps 4n kKie| Bhjckreggcfirection of

CONMRGREFubstdat@ed in the substrate cutting apparatus
functions as the above-nenti oned "scribe 20 |line

form ng means for formng a scribe line on a

substrate", Thibseakinngprrgea bntobelwalkiewtid®l cracks having
{ 3?%%&%’%&&' Qo hes g mibtondlers PRt EWko the

vertical cracks due to a capillary phenomenon. The
penetrated liquid is expanded (cubical éxpansion). Thus,
the vertical cracks are extended to a back surface of the

mother glass substrate 1.

Furthermore, as cutting assisting means, the
scribing head may include a laser oscillator for heating
the scribing lines using a laser beam instead of steam. The
scribing head 20 may include a laser oscillator for drying

molsture.

Thus, vertical crackscanbe extended in 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 substrate along the scribe line so that chippings
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extending fromthe scribe line in the thickness
direction of substrate, by spraying a heated fluid
onto the scribe 25 line forned on the substrate, the
heated fluid having a tenperature sufficient to cause

expansi on of the substrate, each conponent can have

an arbitrary structure. The vertical crack extending MDO026
means mentioned above 30 is no28ltfmited to one using
steam A heated fluid can be used as long as it has a

te rature suffi t to expand substrate.
hoa dh 1ok ochus Th Ther Subaharte &idubs CABPeRAPE motion of

or athéusdbsteatesng steam and hot water. - 29 2.

Substrate cutting nethod MD026 Figure 9 is a flowhart

showi ng a procedure for 5 cutting the substrate

accordi ng tdmriﬂneard:wipimst shiowinhdn Frigseels ilpveALi 8B. and 7,
f r the r S

5 pubst i oS T PRI RE Haho bl M L AR, g Forming

wi | Imerns e donmipad ssrdpebdinesmon Theuhsdniaha'e f Bhe steam

cut té&ﬁefé‘@iﬂ@ﬁﬁ%&c&' ﬁﬁﬁ:ﬁ%ﬁs‘ 48k bﬂeé’ﬁr’iﬁ&‘ﬁneiHQsﬁJ@ﬁfeaking

cuttl.ng apparat us 100 includes a scribing ~step and

br ea’k’??@ shyates adeagsthescaibe diineg" seffhiengozzie portion

steps2as ﬂaﬁfcftqrdm asShap' &kdendigg Ini&atﬁs@llfoiewamg%e@ertical
is perf settin ste is a ste

initial
set t‘?’ng" ﬁFPBngstfﬁ% bRet fETShBstte dntth 'Bickness
appa:mtetst:n&o ofeabstihee sty hb&gy&(ﬁgsaapease@tﬂrdmdonto the

De I f the i

ol Gt~ 4t 3 PEREY N of Tin PhEEERES ithe RiptREF T ihaving
pr ocetempenatede stuf fSlicdleni0Ro catisStexqpbtob€ the substrate.
SCf'ﬁBJEbé%‘*L&éi'%Qﬂﬂ% @5@ 1Ig§uded 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 component 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 fluld onto the scribe
line formed on the substrate, the heated fluld having a
temperature sufficient to cause expansion of the substrate,

each component can have an arbiltrary structure.

The vertical crack extending means mentioned above
is not limited to one using steam. A heated £luid 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.



scribing step is a step for formng a scribe [ine on
the nother glass substrate 1. The details of the
scribing step wll be described below 30 After the
scribing step is finished, the process proceeds to
step 503. - 30 MDX026 Step 503: The breaking step is
performed. The breaking step is a step for breaking MD026
the nother gl ass substrate 1-a%®ng the scribe |ine.
The details of the breaking step w Il be described
below. 5 After the breaking step is finished, the
process is termnated. 2-1. Initial setting step 10
Herei nafter,21 hsusletvate @itthegimeéthaed setting step
(step 501) will be described. As preparation work for
scribing the nother glass 15 substrate 1, the
pressure of Ebymresgedlsabr flowiehaxit éhﬁwingt&ﬂprocedure for
cyll o) e t Iy body

LR U P 05 G SRR TS P LeBP ot the
noth@resgmassnﬁgmticate 1 (e.g., the thlckness
material and the |I|ike of the nother glass substrate).
Based on the setting, 20 the scribing cutter 21
presses tmaHEI&Ena@ﬁ&ssapmbsEﬂmnefdrmbthiﬂgthemotherglass

pre S
(RS A 4 300 MR R USRI (0500 wata e
1Orot adeaescrhb%rwtm@:astemf the spi ndl e 23 |n an
anticl ockwi se direction and conmes into contact with

tSP:pb: gclglepf 4 %ogg u%g é\ler cut'?i rt%épr%gt exqeg a%ts sn strate

1 by the substrate cutting apparatus 100 includes a scribing
step and a breaking step. As necessary, an initial setting

15 step is performed.

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

20 step is started. Details of the initlal setting step will
be described below.

After the initial setting step is finished, the

process proceeds to step 502.

25
Step 502: The scribing step 1s performed. The
scribing step is a step for forming a scribe line on the
mother glass substrate 1. The details of the scribing step
wlll be described below.
30

After the scribing step 1s finished, the process
proceeds to step 503.
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the zero point detecting step, the position of the

surface of the nother glass substrate 1 is detected.

The position of the surface of the nother glass

substrate 1 is necessary 30 for noving the scribing

head 20 along a direction vertical to the nother

gl ass substrate 1. In the zero point detecting step, MD026
the scribing head MD026 - 31 -280is noved toward a

position above the surface of the nother glass

substrate 1. Next, a scribing head upward/ downward

means (not sHwem)50®yefhehdreakinagstbendi20 poviiovamedl. The
at ﬂ%]@ﬁ?fof ﬁ'éé%%g‘ éﬁ?ffﬁ:wea irn%ﬁé)ﬂo@flils:lafiaass substrate

surface not her gl ass substrate 1

resut @lofebengcsdbepl Hee - c Fhedetpdls pf thatheeaking step

W t hyd1e v@tdedciitiss samsdrate 1 and the bearing
case 26 is spaced apart fromthe blocking axis 25, a

position detection nmechani smof the scribing head

upwar d/ downieitemthe orialoing stiep pestinished, ttpe process is
scridd gy ad 20. The zero point detection data
indicating the detected data is witten into

recording neans included in the controller. In this

way, the zer, ,poi t.ecti sje is perforned. 15
20 When the 2zelr’o Igltg'ltﬁt%ld%teec |n<§{1 s|qzsepcorrpl eted, the

scri bi ng head upwar d/ downward neans noves the scri bing

head 20 upyrid ihd 3 e SHGL HeFalad ét!‘ﬁ"é:héu Popii %Q?_ﬁél‘.ng step

(e. g. , awalting position above rface o
not H&teR &0 )s widtly dee desamidadibstrate cutting

apparatus 100, the nother glass substrate 1 is
positioned gn the table 31 and fixed to the table 31.
Wien the nmof¥fePT§PaEatigRs¥PikeferiscriRking the ippther glass

t ablsib¥ltratez 2, 0t RO pite AL LS td P onfprieided @RS £b. Be put into
5|5 agg'nt gig:l 8911?rf1dg1r:] epr?c%lcfgg i%ossil.c{el Ql:rﬂeo['xeggemgﬂl k&gecgdy portion
22 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
1l with a predetermined load. At that time, the bearing case
26, to which a force is applied by the air cylinder, rotates
around the axis of the spindle 23 inananticlockwise direction

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 along a direction vertical

to the mother glass substrate 1.

In the zero point detecting step, the scribing head
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substrate 1) is perfornmed after the scribing head 20

is noved to the waiting position above the surface of

the nother glass substrate land is further noved

downward. The scribing head is noved upward to the

wai ting position and noved along the 30 line to be
scribed so that the scribing cutter 21 is arranged inMD026
a position in a nei ghborhood -of3% hre outsi de of end

surface of the nother glass substrate 1. At the

position, the blade_ edge of the scribing cutter 21 is
nmové&® B MARSUtPEaRdRBPELSACRIRE e the Syrhiageofgthe mother
mnbfgnmnsaﬁilup%eat&u nf, acxeexaf( , tilasdmﬁtf(lﬂ{g guleaﬁis up_wardf/downward
substrate 1. nent _nar are t n apar o

CandiEaB s (Fiogn ShEVE o modess i satabing fred A demgard at
t he st bpeedl ateng U stenattiesall idd reedilbnobedtha slieface of the
tab f CLi bi ' t for, .t he

ot At 8088, BhBaafra® " A8 4 Sedlly Mherl ol Sortving
mar keytdexr Blodksdén opntact mottlertheg assthmmhgkagse shbsifrate 1
Bas ggh g0 thshﬁebf@ﬂg Shst h%s a & gs‘fg@éid T%H‘ét t +H¥ blocking
i mage processing device (not shown), for exanple,
gené¥dEedS . aupesitiemdetentiion maghanishmi the scribing head

r egaptiatd /HBGnwRraChe afik A3St SEPS tihad §o&1t16n86§ oth®kcribing
the numeric data, the size of the nother

| ass
SUbBEPS: @0: arkhd nESHAL ROREFadRtRF LiRD R Ter ARAdcating the
tlhedéﬂzﬁbltgl:ﬂ &été4:ii§akﬁﬁf@éﬁsiﬁﬂ§% laitg:lhﬁmfg infea & MPtiluded in
gl a substrate th_respect to the scribjn
di r £BEi SRR it ThURIERY nihes B RRAPIRE SRt G HIRE Step
of tikepemfiosmeBlace of the nother glass substrate 1 in
the Y direction in which the scribing is started by

the scribing cutter 21. 2-2. Scribing step
When the zero point detection 1s completed, the

scribing head upward/downward means moves the scribing head
20 upward toapredeterminedwaitingposition (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) 1s 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 downward. The scribinghead
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 outside 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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25 Hereinafter, the details of the scribing step (step
502) will be described. The scribing head 20 is noved
to a position in a 30 neighborhood of the outside of
the end surface of the nother glass substrate al ong
the line to be scribed which are preset on the nother
gl ass substrate 1. -~ 33 MD026 Next, the scribing head MD026
20 is noved along the line t-0 3%e -scri bed and t he
cutter wheel tip 21 is pressed and rotated on the
not her gl ass substrate 1 so that scribe lines are
forﬁb& my 4RO pf JUe feRge adf uPRETsERrbnfRg efitthe mother glass
novedibsdawteand to a position O 1nm0.2mm fromthe
upper surface of the nother glass substrate 1. Then,
the controller 44 outputs an instruction to the third
driver 47 tOAmmgnmehhamﬂksﬁréhhngnhgadpwﬂnﬁmgamerae,which

45, t.o_th b

i ERJ IR sutrlE e {iAgantah 36 mabli SiAgapunstrate
t he lgdsdpobihtiGied Tomsthe Habder BAi a gdslbeﬁore th¢ sgdwibing is
fors%%ﬁi@%ﬁﬁﬁﬁ 9hﬂ§§n fﬁ@fraigsé s&gs%géke &he hQHQ%ast two

processi ng i ce men |oned processes 't he

dat aldanmea tampgkaeare mardisidedk on, thﬁdnotlemsgla@s substrate
progessed result to the control section of the

substrate cutting apparatus. The scribing head 20 is

slid along the guide bar 36 and the sliders 34 and 35

are 20 resppakedehy tHY eRagkos tHe addigdtiend Jnarﬁa @endan an

33 so that the contyrol tion_elinmnates posi

di s 3PREERERCIT IR Ord ASen kRt PRy BB eHame e - Gpaerates

not hameghiasdatabihddcatihgpasfbrmaedoandegiaxdd ngn thiee mother
e the scribing cutter 21 is

I
pregggasaﬁA%Fgfggsu along t he straight

Based on the numeric data, the size of the mother
glass substrate 1 and the data regarding the patterning,
the controller 44 calculates the angle of the mother glass
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 detalls of the scribing step (step
502) will be described.

The scribing head 20 is moved to a position in a
neighborhood of the outside 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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25 line to be scribed in the predetermned Y

direction. Thus, the scribing nethod 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 is noved in the X direction and the MD026
scribing 30 head 20 is noved-i¥the Y direction. Wen

the scribing Is perforned in the X direction along

t he guide ralls 32 and 33, the controller 44
cal cul ates t. Wbeogcrhbingrhepd2Qitemaved atgngnthe line

posité ase oécﬂtsee&rwhcsum@&ﬁ;tﬂér twrﬁeémtt@;s #ll 356 pressed and
di.r ect | n which the sc¢ribin

substrate

ot arteER 5 Pretie Makney shrs ustante Tap; DiffysoLibs lines
cut teere 2loxmedr essed and rotated al ong the straight 5

line to be scribed in the predeterm ned X direction by

the linear interpolation nentioned above. The

scri bi ng cutihe tdhdes edgedofotheabtyibingnduther 21 is moved
r ot 159 4% api cas 6

oo, S A o ot o0, nGs andorkih LRE B hncace

scridfedhsy nathex rggla%néub@ttm‘c@g 1t-heTheri bthg @Qntmller 44
21 ayishts F&rneQﬁEQ!i:ﬁb‘Ean EJ)OLSﬁéi HME Favdie ‘ﬁoﬁzaearive the

gl ass substrate 1. gure shows an exanple of |ines
to ﬁ&@&#%&eaﬁdgé‘f B9 rrtq@mﬂﬁherIg|w§@1ﬁ%ttpatbe1driv1ng

usecHdn gdiensmg e sizqﬂria@c@cr&ﬂd}g i9, ohee eéﬁa%ﬂeglthead 20
inpventi The_ lines to be scrlfed are

of t he resent

pr ed¥t %i? DG dhge g4 s?arsaﬁstr usq thesexibing step is
Substtraatte’l ciuxr bcheranutfienat Wietk d raubs fhtael not her

gl ass substrate 1. The nother glass substrate 1 has a

shape of a rectangle. Two substrates |la of the four

substrat es INexdr.e taer amggd procéssingl deviicalmemgt idreed above
| on e ther S
orgastln Sy thha0 B4 U5 Y B0 g, pon. and

bei ﬁ@na}@rtémumeﬁsgﬁamuﬂrtomcem adtelrr.orrlfa-;ecfmn of the
substrate cutting apparatus. The scribing head 20 1s slid

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 Y 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



10

15

20

25

30

substrates la are arranged wi th being appropriately

spaced fromtwo side edges al ong the | ongitudina

direction of the npther glass substrate 1 and two

side edges along the width 30 direction of the nother

gl ass substrate 1, respectively. According to the

substrate cutting nmethod according to the enbodi nent MD026
of the invention, scribing |ihe4dare forned - 35

MDO26 all around the substrate |a for each of the four
substrates |a one by one in_a specific order. Four
subsiheitser bing dirggtippoand nehenRafsktipmes shpsendisurface

1 byodrigakimddneacglaks QUsteukst hat eRel Ri @1£H€t1on in which
br eaki ng Stiﬁﬁ which is performed 5 after the

scri g StEYREotS eRbABFEY Py fhe tSRFIRIMR YRS 21.  The
sEbsdzanfirgg b&ttagribadfﬁisﬁ@;am@ fblﬁaﬁébﬁlroaigetha s’lﬂ:aight
the to ef{ section. O e _Nno r ass, su ra

ShodiT 1 b oTboed ot £ BradAEs iy Ferk ) SLEBFALAG bY the
t o tlienemrhdidh treerdo laft 1drhaenembdeniedgbews i be | i nes are
formed along a straight line L9 to be scribed along a

side edge in parallel to the |ongitudinal direction
of the not h&hegsasibingsiutdter 21f s hsld rotedbdilyaground the

I a %tq}f} axiQ D9oSehi gl peliA d.%aslehQGSGfL.?bi:ﬁg bearing 28.
cutter 2 gresses and rotates the surface of the

not fé&usy| ke modhesy ghaes subsdagtiehd gambe |senridpeskby pressing

SCr g rotatihg $REI BEPILSHhEP-REELEIRN IS hd NE predetermined
enbodi nent of 20 the invention, the start point at

whi SHosee SUTvis 9§ the Brthesglass suhshnate da
position of inside-cut on the nmother glass substrate

1. However, _the start point can be posi}jon n.a
nei ghbor hoo§ 184EEi Sé D °‘E’ﬁealén%|x§'ﬁ§’$%\c%tsoﬂ‘l?% b ihfescribed
gl asetsobsthatmeothat onbasdeshbhserafetD, hesesd ribathe scribing

(- &ye %g | tion of t si.de-cut ). shown i .
Fi gar eg cgﬁggﬁg’é%%ﬁleﬁaﬁnﬁo ﬂ.mo 91 o)f tl‘fg‘ present I’:].nvent:l.on.
The lines to be scribed are preset on the mother glass

substrate 1 so that four substrates can be manufactured £rom

one mother glass substrate 1.

Themother glass 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 appropriately 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, respectively.

According to the substrate cutting method according
to the embodiment of the invention, scribing lines are formed



protrusions j with a predeterm ned pitch p are

provided all around the ridge of the bl ade edge of

the scribing cutter 30 21 (e.g., cutter wheel tip).

Thus, as the scribing cutter 21 presses and rotates

the surface of the nother glass substrate 1, a

vertical crack extending fromthe scribe line can MD026
occur along the thickness direc3bon of the nother

glass - 36 MD026 substrate 1. The vertical crack can

occur fpproxinatel in the entire thickness of the

mot het @%?é@dsabst%/%%tﬁétf;\slq Kerserehed ithe fouroypegtrates
al ongatc(kjme_; |‘dynenls§9<ih_0a fpdei SI¢ ijdmbh rl hG‘_og_H'i Sﬁﬁb@taggs la are
is myv in the recti.on and.the scr n e

is noved T ¢ e5'9°3?Féb998ﬁ? FHESES ﬁeis%Y?BFﬁgging each of
cut tEvuR bubs taiatelsetla arro ke bheakinyistodp awbhid.chwiishperiformed

5?ng|§f9ér2€t9%d§cgﬂ23‘rel:§3§1€gsﬁsa€%t the scribing cutter 21

orms a scribing g a track of continuous
curve 10 with a radius of approximately |Imm (see

corner part R%,Iogfaﬁbggteéﬂs Thed }ngﬁﬁwiﬁhéé@uﬁ te 1 is

a curve portlon ormnme as snown I n e corner par
of FMYitked @lilsarovrdethepubistaateylatbe the topngeft section
Cut te¥ thle MAHUE (ML utsdd rfd ST MHReR RN §urdf10.

270 degrees. The line Indicating the curve portion is
1015 fornmed so that It Is snoot hly connected to one end

of 'thed sc(lrJI iIbEthél’Hi:dﬁﬂ:]Ei‘fﬁ_ﬂ s&@iﬁ_@gbblﬁdihﬂfﬁd—Qh‘égeﬁlBodiment of

Scrine an ne ena | e SCri I N or ne on .

the S ERPERLEany P Sane R AT FoTIAY 21 PR G5 Eelont 1ine

por thi%ortd $d snmisddaladiong a 2ide reaigdbadindmnalidie €@ the

cur [ f .t Li o_be,,scrihed fining,a,f

v hd i il BErebBfohooR g MTE §i55d BiRStkate 1 for
15 t he the subgbratailg whileh iste tbeusexibed. | sttt fs pdheisesribing

oot 2 gAY fah tAR A S IRE ok S P Ry ner g1aes
t he ssthstsiate dutalen thies imeed- byt ibeclsangbed.

In the scribing step according to the embodiment of
20 the invention, the start point at which the scribing cutter
21 starts scribing is a position of inside-cut on the mother
glass substratel. However, the start point canbe aposition
in a neighborhood outside of the end surface of the mother
glass substrate 1 along the line L9 to be scribed (i.e.,
25 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

30 21 (e.g., cutter wheel tip). Thus, as the scribing cutter
21 presses and rotates 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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a deep vertical crack is not forned in the nother

gl ass substrate 1 because a pressuring f orce applied

to the nother glass substrate 1 by the scribing

cutter 21 (e.g., cutter 30 wheel tip) is reduced. In

the case where the thickness of the nother gl ass

substrate 1 is 0. 7nm the depth of the vertical MDO026
crack f ornmed in the nother gl &% substrate 1 while

the scribing cutter 21 is noved by circling is
apprOX|nater 100pmto - 37 _ 200pm MD026 As descri bed
abovbsfiFates ler obhe JentiGRd rEack&tanPrEYLYPPRXimately in

sCr itHeN@ritiree it Al kifd 43 G QY St YAl gtad £ i Stieate 1.
chi pping may occur at a crossing point of the scribe

lines formed by scribing in a first direction and the
scribe i neAfsoltnedsb)tiaer Lhhegis rEarlﬁeﬂodilﬂoﬂgrﬂﬁéiDIhe L9 to

in the nnther ss SuU trate 10 We the C e
| i ntéb 9 $ cfrg‘rbr?e S FHRE B3 rrst3J6 s BEME %‘e Gfjrection

cr a@kld shécsrcnestbirrg hbetd_nao hexr mgivedsin &hgsﬂré;t.zeesbim Thus,
Cgcili?iplﬁhca Qégxi lc)iﬁ%‘iléldvékgﬂhd 'I:Ret\h&iliical axis

thIC ness o e scribing cutt

r eaddd paaangle §éf@&@lﬁqgge@ﬁoﬁ@ tthatf ithet scribing cutter
di r gqt refmsvﬁnéc%i%ir@ i%tebﬁaérm& d trheknse @émwfs curve

second direction, the not glass substrate 1 sinks.
TheMdftdr & r%Saoéhuwrﬁgria@@@rly lafed seg cornfiedart A of

ti p e Do) 0 thfe QhAasSysidSihaliBadkand culv@ ﬁ@ftb@n formed
line inthe first direction at _the crossin

| ho SSRGS L/KE FRERAE PPREA OB FIGEERAD AAE PREGBEGHFCLing
20 dwe&ﬁfmund; Buth@ rSZ1 ialtiong dstiee v%ﬁ:ﬂ:ﬂbduiln@xlé) wit®h an angle

enbo t the ipvenijon, ressur.e a ied t
Chodh aR; adhxetBS . Mg CH ST il e BRRYS drditon 1s
21 voeemedheocthat pbrLSOmmooshipr¢mnhest¢®wEm dimrerihef the

pr e%%%&%eamgeﬁ?l:ﬁeg@%@yﬁ{e 1&' %Siss#ﬂgsﬁé A &by and one

the scribing cut
end of the scribe line formed along the line L10 to be scribed.

In this way, this curve portion is formed along a
first boundary line (a curved line of the line to be scribed)
defining a first 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 pressuring force applied to the mother
glass substrate 1 by the scribing cutter 21 (e.g., cutter
wheel tip) 1s reduced. In the case where the thickness of
themother glass substratelis0.7mm, thedepthof thevertical
crack formed in themother glass substrate 1 while the scribing
cutter 21 is moved by circling is approximately 100pm to
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10

one of the scribe line formed along the line L9 to be
scribed and the scribe line forned along the Iine L10

to be scribed. 30 Thus, in the scribing step according

to the enbodi nent of the invention, the pressure due

to contact force applied to the nother glass

substrate 1 is reduced since the scribing clatter 21 MD026
is circled. Thus, when the scri®® +tine is forned - 38

MDO26 al ong the first direction, a vertical crack

reaching a depth approximtely equivalent to the
thid%H@gE'of the plate is not forned at the corner

part A of the nother glass substrate 1. Thus, when

the scribing cutter 21 reaches near the scribe 5 |ijne

al ong the fi‘tSt9HT ’?c{:)rF‘ Y% e ‘%‘%‘br? PEFPsHesfeibing is

f OL mh:f@tm@dwetlsecmﬂtﬁiﬂgecﬁﬂmr tzlhf weihgra gd:@ﬁ@el;tional
substrate 1 oes.not .sink. As a result, occyrrenc

R PaTie - o er BraRe RaY RefrE AT 1 Ereringpoint of the
gl asscwilpstitnes faamedody peavibtneg. in (e Af1est tditrection and

dir ' . Scrd hi t ' ircle | t

an' gt String FRe A dh B e fiuld of 488G direction
movekh ditvhgnathextgiasmisubgiarate® o be scribed al ong

the wwdth direction of the substrate la which is

orthogonal 15 to the line L9 to be scribed. The

scri bi ng cutihen Jihe ssgribecdingndis ofarBedaprdnyat ibe first
|l nelldb ke £Sefitadal andch 367 E68Pmeli 8 ¥hd Mdther glass

verticgal crack extending entlr%%g across the
t hi &G & Ponto28CaFRe? 49REN appTexinatelniggivalent

way,td lhResthibkngssw# ehe plats. civﬁcéxeekn& EBraBingotetter 21
n ort 1N

f 270 ' i di [ { he | .
o, AR SRR EHLSS 8 A Lbh BB £ REHUER. wne

15 wi t la scrikie ddnefisapprnzdmiongytheseicenidod st f6n Athe mother

20

25

30

cor n§r, ALty By % LQ; fﬁpétra I i.t ho # paci ng. the
25 cﬁkﬂrm cu? Er ki roh1t#§%ﬁ% 5%@ % cﬁﬁ%chﬁgﬁé?goccurs
gl aghen 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
1s 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 force applied
to the mother glass substrate 1 is reduced since the scribing

cutter 21 is circled. Thus, when the scribe line is formed
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substrate 1, and then scribing cutter 21 is pressed

and rotated along the line L11 to be scribed. The

scribing cutter 21 (e.g., cutter wheel tip) is

pressed and rotated along the Iline L11 to be scri bed,

and a scribe line is formed with 30 a vertical crack
extending entirely across the thickness direction. MDO26
After that, in the simlar way,38 he scribing cutter -

39 MD026 21 is circled with an angle of 270 degrees

in adrection orthogonal to the line L11 to be

scr |%’éb“%|hleef’arﬁ gdrestiogeng Mrdisadurrackitanghing a depth
r adi 4{5p 103 x Bt €15 rfllvaldin ith &mﬁic&heascefnene plate is

t te | th
Do T3 oEIEERE Bher Fernen @Azt K i LHF NdkheHGhaps substrate
gl ask. Sihust,rwihen Theadweir 1 g bhethbmgchebtmaﬁthesscribe

I i b
oSSk B LS, A00eLPRoh it G hE- e SR sormec
pr essanairithe tetadl digreptide |[tihe ndthen g;kamrsxﬂmtrate 1

and i€ e i gﬁﬁ cal

ext ed} ngotegn?#f?]gl Azscrggés the’ thlcjc%ness g?r%c?th&%%&ﬁg at the
t hi 331:@@511191@%@ o the mpther glapes sevstrate hb can be
regig¥eddhiadhape of rectangle on thenother glass

substrate 15 1. A closed curved |ine including four
straight scribing lines and four curved lines is

for][red on thfft@rr e & F191HeR 1 dﬂ"'é!:l‘ﬁéltéﬂﬂlﬁiiexd Tudter 21 is

per rmn SCripin st p cC I n to t

SRS S SN ADBNE: BF 255 SASHECE or the HPTAbRE cutter

ot hm tibreeved £lmtig &hl&S*stﬂhEghtl HRin& Iﬂlﬁ)ﬂ:@dbéw&&fﬁbed along

[in Ha! I n fou r s, forned

" e Th el o P SPREPEfe 4d UBTchiid Hifogonal

sub¢nth©$ihaﬂﬂtmbebor¢bngtrmhescmmunygnuXterZIispressed
and rotated along the line L10 to be scribed , and a scribe
line with a vertical crack extending entirely across the

thickness direction.

After that, asin the similarway, 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, and then scribingcutter 21 ispressedandrotated
along the line L1l to be scribed. The scribing cutter 21
(e.g., cutter wheel tip) is pressed and rotated along the
line L11 to be scribed, and a scribe line 1s formed with
a vertical crack extending entirely across the thickness
direction.

After that, in the similar way, the scribing cutter



according to the enbodi nent of the invention. After

the scribing step according to the enbodi nent of the
invention is performed for each of four substrates

| a, four substrates la can be cut fromthe nother

gl ass substrate 1 by perform ng the breaking step

according to 30 the enbodiment of the invention. In “MpD026
t he breaking step according te she-enbodi mrent of the

i nvention, each of four substrates | a can be broken by

MDO26 - 40 heating or cooling each region of the four
subs?tatescizclet with@momngleof 290 degress dh ahdirection

f Ouroﬁﬂbéééﬁéfsté E*:he Heald a8 f&gieogﬂ%eﬁewﬁglfeoﬁnﬁgack of
by, for exanple heater, or l|laser beamirradi ated

£1 oraRt SRAPUS SHEVEALbED agRf 1wy OF aPREQY e ke bam is formed

per f 9t e dBherl PareX8NPE Sthe M tih QQO'WH.'EHouFEEQbHE‘ing the
to the reglr on usi

the |
Sa co%‘i’ﬂ%%ﬁ%z‘i‘i“é’l:\lzﬂf%g f’é‘g’ﬂh{g? FHEf?Sﬁr°§uB§?r‘BPE§eFaglass

i s cambétoatélle ahf fmérheuheglsaﬁ:s.bim@Sbﬁﬁtérlzl tie pfressed and
eved out R%f t her

glu;ségsau%s rgsgg%hﬁ’y n % arg P&Pah i na §fibing cutter
exandl e(e &g vaozuiead strde hot ipphnks Hhessedreamd ngotated along
por t'E li‘i\fe EBE #‘?;tbléeéc:g!l.@éa Séjrpétaggé?i%ef%%gg\ggﬁ %%rmed with

t he substrates are retri éved scar

10 ynnex szeahicpbrarank e binetentiroly tderdgeakhagthickness

stemivddt s, described later. By performng the
initial setting step, information 20 required for
performng the scribing step (for exanple, information

regardi ng a ighapgsandydi FROSI e o 1A amaheE sskf_@sad define
'substrate 1 and information regarding a line to be

“scri U eFLOR P 3 FRARROE SRELGNTLE AT PRheE gliqss substrate

15 per fior rmneeosaa eh:evsar lbnegiﬁemdlﬁgefcsl@f | Ot g IeBOscribing

20

25

30

dri v r}ga four curved lines 1ls formed on the circumference
of the substrate la by performing the scribing 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 can be cut from the mother glass
substrate 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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25 is controlled and the |inear notors 37 and 38 are
controlled in accordance with the position of the

table 31 and the 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 scribed set” in the nother glass substrate 1 MD026&
and 30 a scribe line is forned 4n 4+ he not her gl ass
substrate 1. In the scribing step according to the

enbodi ment of the invention described with reference
to Hepkna®r reling eaghpzegiake qfi Xhe faun gyhrkrates la

t er il @ega6nt BenheRt RAANnIFagsofybsEr he £dur HONBYEFates 1la.
t he _scr.i bi ng end ‘{JOSI'[I on al oncg_ﬁghe line L12 taq be

SCri g age ¢t rhé’ranabﬁéﬁrtﬁ ed’nbﬁfhef%ﬁ’i‘é':m%eaﬁ heater,
Subsir aheeasbenVirradfated Exidh @ laspesoétdD1la€ar .t ooling
end _ 5 surface 1c))f tr}%m)trbﬁ gl ass substrate. 14
Fur (hBEPABPR C47,08 RerEaimnd BY s "5 S¥EBPYPn FRRAY G @ cooling
enbadidiamt (ef. gt.heCopyald, Ol aked dthidbadkei)t hor ehereegron using

Wit i re 10,” t.-he lines L9-L12 to be scribed are
str%gdr:ot.%ﬁhgv\zezvl}}’, the lines L9-L12 to be scribed

are not limted to a straight line. At |east one of

the lines L@y - (2
line, a cur\%glg{élg:i %gcgfoﬁa%%% [ n%%%%e%hggs% %htfr°m the

| i n@othernflastFvbatrate l 1thefgursubptirai®gslaare retrieved

ver b £ ¢haGlo tMi£§1866 Wubsi@te RusihighechiPeelrSincluding,
forned by the scribing cutter 21. For exanple, in the

casé& PR AV uadipERingBeaps ., Beeggmgiging portion
r ot afedhenmatBedsg§laybssubstrdfe W tHirém 26hidh e ssuftrates

1. 1mm__the bl gde edge b of the scribing cutter 21 |
pendly BEEs EASBAGYERnEd S ARy AT (P RAGS A POt on.
glass substrate 10. As a result, the reaction force
fromthe gl gss ,substrat 0 is smyll. Thus, .

verti cal crgg‘ﬁ ‘\i}metjﬁl(iasa%%tt#e g’ © ﬁng'rrﬁgfp.wtﬁ‘?hbe described
occudager25

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 be
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
inaccordancewlith thepositionof the table 3l andtheposition
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 reference to Figure 10, the



In this way, the plurality of protrusions j forned on
the bl ade edge 21b of the scribing cutter 21 give a
pi npoi nt inpact on the glass substrate 10. Thus,
there is no possibility that a horizontal crack occurs
due to the reaction 30 force along the surface of the
gl ass substrate 10 at the finme the scribing step is MDO026
performed. There is no possibil4¥y- that a chipping
and the i ke occur in the circunference portion of
gure 11B

th to
Shovkine bp ol stPARRa kRETERALPE SOt AT MoRPaE lass substrate
ocCcukr edonesrers ttel berhibhag enfiopoedthynaasengbthg 1ine Li12

CUt t1_ec§ b%l sc.su:iyéﬁ %%Bugéurft Ofr ?ah Cr IiQ Q‘J%n%lfllt %gFe'POEiier glass

the sStructure o SCri Dl
exceﬁﬂbﬂmt% asplsinoyini 4y BigpretlUsimwms ppsfithendnear the end

sthe dlbadecedse wid Mitnd bR s Eidier 21 is not

formed on the bl ade edge Ing cutter
51. For exanple, in a case where the scribing cutter

51 is roll %ﬁhéﬂiﬁ)ﬂl a8 ﬁﬂésééla!@irﬂ#) é‘“detﬂ“ a@cording to the
thlck t'he bl ade edge scrib

ng
cut t¢ Qé?qﬁﬂ oﬁéﬁéﬁréPE?nI5°Bpﬁ?F95ﬁPPﬁeWéEFf%%%EE#HCG with
t he mlars SLbS iR eliJrst &94.123558 tbe s?c:yﬂédl C@i‘e C4BfLight .

Qceurs
10 g{:) rh'OFF;?OPI? gs’l(’:‘? gﬁﬁ c%fh b&esé’éﬁé’feéit @EeaPBHgl*'Pﬂsted to
surhmﬂrarghtménglmﬂm$abstbmmbﬂfheihaeatﬂfnlatobescribed
horizgn £ e to reacti.on force in
the orlth%ont %5:I | on% alaor‘{"é}lJ'Rt"'ﬁazc{:slu"ﬂt ace ot ?%ébinatlon
gl asf sf@bstsrtalad-m 1@ miepEindy S hencbunvead |Iee occur on
the circunference portion of the scribing line to be

formed. In this way, the scribing line is formed by
15 the 25 scrFBoMgeclihhoys aTvexticabrardak pbich occurs when

possi Ridditbt thdle is formed by the scribing cutter 21.

For example, in the case where the scribing cutter

2]l is pressed and rotated on a glass substrate 10 with a

20 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 a result, the reaction force from the glass
substrate 10 is small. Thus, a vertical crack with a depth

of 0.8mm-1.0mm occurs.

25
In this way, the plurality of protrusions 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
possibllitythat ahorizontal crack occurs due to the reaction
30 force along the surface of the glass substrate 10 at the

time the scribing step is performed. There is no possibility
thatachippingand the like occur in the circumference portion
of the scribe lines to be formed.
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chi ppings and the |ike occur on the surface of the

substrate |a based on the occurrence of a horizontal

stress. Furthernore, in the scribing step according

the 30 enbodi nent of the invention, a pressure due to
contact force applied to the nother gl ass substrate 1

is reduced because the scribing cutter 21 is circled. MD026
When the scribe line is fornmeddalong the first

direction, a vertical crack reaching - 43 ©MD026 the

depth approxi mately equivalent to the plate thickness

in the corner portion A of the nother glass substrate

i's Eot forrmrglaﬁuan ghef)stil&él‘a.eﬁicﬁt'tinhgzﬁdﬁf_ tahdZal horizontal
reaches near the scribe lLine a e firs

di r €E1TTh WY S ¥hane sorihe &3 orFeforrgH Py e scribing
secorutter e®li on, 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 prevditedtri@toxe: bér poseribivg chétapt Hkris the same

gl assy s tdahfcthils ofscﬂ'ﬂtf.eﬂ: 1l S girgl ;e%%ct,s t that a

21, the pressing force applie to 1he not
subRtyugal 4t pEt REosEpFhPRY 3 UfeEred o dhehblpdeuedde 21b of

Thusshd tsdrSi GRS iit@ elr0 2111 Akt n¥RaEoPRelNEn €6EIPidde edge of
cutter 21 and danage to the scribing cutter 21. 15
TherBforET¥HI S GYtisty Yutter 21 can be stably used

for long period. of tinme. Figure 12 shows anot her

exanpl e of Ijnes to be scribed faornmed qgn the t her

gl ass subst F&Fe®X2NREG - i H AhE2 &8I TY tg’(? §F§ﬂrg€ng cutter 51
accdmsdroyléed concheghadsmaitistofatd@opregeatt HivkiddK68F 1. 1mm,
In ri i St cor dj to the .enbadi nent of
thettglr%ei)g'r?té%l %\%é’r?t ?’%n% éascsrclrg'g’&'n\ﬂ £ teefre%’ghcoéﬂtyo penetrates
Fi gomren £1om tder sbrfacaes bhergladwsubsesalt® hd AKlatresult,

be 3Grd etk 2PcALEx &gﬁgﬁ%écﬂlf{lga% %g‘ég%%ﬁﬁa %’Qt%h Jmm-0. 15mm.

scribing step according to't
pr e¥ereoviere ok izl $ bees scah be generated 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 i1s circled. When the scribe line is

formed along the first direction, a vertical crack reaching
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reference to Figure 10. In a case where a scribe |line
is formed along the 30 line L9 to be scribed, the
scribe line is fornmed along the line L9 to be scribed
continuously fromthe position where the scribing
cutter 21 is positioned near the outside of the end

‘surface of the nother glass substrate 1. - 44 MD026 MD026

Chi ppi ngs on the nother gl ass stibstrate 1, which occur
when the scribing cutter 21 noves on the surface of
the nother glass substrate 1 at the start of formn

tho H% (GsP R AEPTE*ABAtELYAPRBAYALRE tohAsthaRIFEe thickness
whi cllrn dhﬂ'ﬁ-i)_ I’Hﬁﬁ:rﬂaxpfp&iilt@l Iofn -ﬁheooﬁgiﬂebilﬁtg:l'_(éﬂ t@(rqu’,’sl dfbstrate is
circ W t an angl e egrees In I rection

o1t ss Ahcngg™ ! BN - shep 800 SSPLE R ket RISt pRlhgs near
of ddwe iswmoilse dumee alidnly dheadiius tofdikfectppmoxihieleelay scribe

I ' | t
ano 1 S shed BRI EholBl o Hist iR A KT pthy otee
al orfphstterdtiend Ao s adde sinK beds. aTlresyditi, biocgugutengre of a

21 Sk 4 t by oL ' ‘ﬁﬁﬁﬁg r ;

al orééﬁi einqcilihle%rﬁlf\gq't%%hgg ?blra!%e%,r an z}%é]?riag{eqltﬁecrossmg
i s fRgEewiaar be puesented. crack extending entirely
across the thick direction. Thereafter, a scribe line
along the lines L11 and L12 to be scribed in a

directi on oftdg6FECTEe ¥HEM fhe MotheriFlaws sybeitpte 1 1s

i sdfs@:hnmﬁl d ﬁyﬁ:hg é&ﬂ?irﬂj chheglribma, Ilﬁﬂaé lizsestta)seings&kbeca;:plied
and .t ine L12 t e scrtihe t he ribing.cutter
51 4 dpe AStEER, Blags spatistd 4 Siadde AR Cutter 1
sur fcane beofeflheednt HEirug) dds isupsksdbdeltol himitasear on the
wher, crl I i,ne _al.0 the I,in L11 and L12
o EAN A o 1SN Ul Sl By e 21,
subgtheated ore ,wtheh serdbinghemt tielre 2dcdalni bg ciabdry 2sed for
is ﬁEM%ﬁp%Qi%ﬁgo?uEﬁﬂﬁﬁ of the nother glass substrate

) _ / ~

1 at e"start o ormng the scribe |ine,

Figure 12 shows another example of 1lines to be 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 1s positioned near the outside of

the end surface of the mother glass substrate 1.



10

15

20

25

30

do not affect the substrate | a which becones a
product. 30 In this way, a closed curved line
including four straight scribing lines is forned in
the circunference of the substrate |a by perform ng
the scribing step according to the enbodinent of the

present invention. - 45 NMD026 As for each ‘of the MD026
other three of four substrates 44a a closed curved
line including four straight scribing lines is forned

in each circunference of the other three 5 of the four
substrates |a by perform ng the scribing step

accordi ng t @Hi}R 81§06 FREmoth el AW L5@HE + -2¥ &1L, v ch occur
After. the scribing steg according to the enbodi nent
of tRepEBESATIRAEhEPEReF 21pBPYeF PRdthe susddeec?t tthgrmother

10 sqmhsdd &txm%h ﬁr&ril:eeaclﬁtofhé @faﬁﬁlhﬁt Ta&mnba;cﬁansbﬁibe line,
cut romit he t her assS substrate errorm ng
Che 45 T4 AR ) A0 S0 T 1] Sy Psibe s & ppgoduct
present invention. After the four substrates la are

cut fromt he.['h'g)tsg%rib ]‘1% gl.'l ¥ rSHP 'tsl: %t:& 'edt Qr tfhoglﬁ angle of
L
substrates |'a are refrreve rom the nother dl ass
subsithdegreesi Ap a ¢breceion erthbganak¥ do téyeaddhne, LY to be
vacqﬂg}qﬁﬁp [ T a?gy ' rtj.o f ot

not her ig aséﬁsi%stg‘reg?éc}f(r%ﬁ]é |1 C rmfcﬁ% Olﬁdes%'gt%r gt ggdius of
ar e anpnaxmately bng dgripumeding corneepaaty pbthegsiibstrate

20 11y W@ hheakiAg, §E§Qb§ﬁ%0{:fi£@9rt 211ie ePDodLaeRla Ofotated
the present invention, each of four substrates |a can

be FReithsylhpgtlhg R kofcHdesach ThEi sardbipgecutter 21
four(esupast iceit@er Wheell 2ipgUienppébeedtiiid ¥&g4 088 &fong the

t he four bstrates 25 | Heaji ng a region c b

per Aot iy o B SErinel. Anthemarity i peprmed with
i rradi aeeditabmarddseextenidingt oéntifobyi AEwogLgithe thick
can %é§¥££¥nﬁd by, for exanple, spraying

Thereafter, a scribe line along the lines L11 and
L12 to be scribed in a direction orthogonal to the line L9
to be scribed is formed in the order of the line L1ll to be
scribed and the line L12 to be scribed by the scribing cutter
21 after the scribing 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 the mother
glass substrate 1 at the start of forming the scribe line,

do not affect the substrate la which becomes a product.

In this way, a closed curved line including four
straight scribing lines i1s 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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a cooling nedium (e. g. , CO2. He, N2 and the like) on

the region wusing a cooling nozzle. 30 The details of

the breaking step will be described |later. MD026 - 46

In the scribing step according the enbodi nent of the

present invention described with reference to Figure

12, a preSsure due to contact force applied to’the MD026
not her glass substrate 1 is +educed because the

scribing cutter 21 is 5 circled. Thus, when the scribe

line is fornmed along the first direction, a vertica

crack which reaches a depth ap- proximately equi val ent

to the thi cmei&xoteabheopl 8he bPhdRethros NGE mﬁiéﬁbs%rates
rate i not forned. Thu

of the not ass s bii

eher @ SAPBEinGoTuetoris Tettnilia brut it zalghh saFibing

|f i neua:lemgLst lfeyrfrr]rlerdstirﬂiegaﬁﬁi Idil’i:dﬂﬂiﬂdi:eﬁncfd?rdﬁetﬂé lrwtneﬁ: three
or t he. secon rection, the nother ass

subd 498 Fo%5 AE0RTFRRER LA Ry FTheoRiig B Shiiipe sten
a Cliqupindgngn tchethenmniterdigleass ofulidte gimederat imwention.
crossing section can be prevented. 15 Furthernore,

when the nother gl ass substrate 1 is scribed by the

scri bi ng cudfger2the tserihiecs s hgp fagaar diopd itedthe enbpsliment

not ke ﬂ{élSﬁréyQﬁ{f&h%eﬁtEEnt he iﬁfﬁﬁ%{d’uﬂ)ﬁregéh of four

can be reduced. Thus, it Is possib wear

t he S¥®sézatsisnd acuepeh of ﬁﬂﬁrd%mv@mﬁ hba se3n mengzut from

cut it@le ﬂéthefléqra@csoéﬁbsfﬁété ar bPig-fastn flg $heCBPefRing step
stably used for |ong period of tine. Figure 13 shows

yet ECSEREN e tontihe Gmbodigent, afe thes nraseidy Fyrenidon -

on the nother glass substrate 1 used in the scribing

step accor dﬂ:lgetr tl'?g%o%r}:bsoui Pétgé la argrceg’fl%rom the mother
glass substrate 1, the four substrates la are retrieved from
the mother glass substrate 1 using a carrier including, for
example, a vacuum adsorbing means. The remaining portion
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
brokenbyheatingorcoolingeachregion of the four substrates
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 oscillator.
Cooling a region can be performed by, for example, spraying
a cooling medium (e.g., CO;, He, N, and the 1ike) on the region

using a cooling nozzle.

The details of the breaking step will be described

later.
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invention. . In the scribing step according to the

enbodi nent of 30 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 nmain scribe lines |

M51l) are forned in the sanme way as - 47 MD626 the MDO026
ones in the scribing step accordl ng to the enbodi nent

of the present invention described with reference to

Figure 10. After the mamin scribe lines M5l are

forned, sub-KMcEheschibag stapiasqarding theemhaddimgnt of the
|| NGS- e if Ofri¥Fech 0L ks -t mtm rﬁﬁﬂ@hd@ tfo beidire 12,

spaced fromthe main scribe Lines
apprioRFRECEE? Bue iR comAmtt ot re ?EP%F%%HFbEhFHW%Eher glass
EaclsuYs it d auristrerivgidd eiddisd ites ddinidred duttdie 21 is

cor (B aTos ThiE: U FRE BB ibe t e FrstnethA ol the £1rst
pardinﬂctiﬂh/%ad@@mmﬂbad\mr&ckeWhiehcedamHégumed@ﬁxh ap-
be| d.‘cog%l.g%aet\géhs; %ﬁ]ﬁggﬁighltb@o lfh%e%h§?i:ﬁ%§@;ﬁ 1%4yet Blate in the

i h- scri bé
appraptineat ppytonnof thenmother ddsess sybapphteds noj formed.

hor i Qi Al KL 9861000808 oL021 Neednl 1RELd Othdlscribe

forn1ng SCr I nes on the sur ace
gl adsnsubdepatithefirng dinechion ghiileyatsrrihn 14ae e formed

11 @3 ongP e s%@m{deaeﬂr%tfi%ce t@fét %diﬂhetxh%l%é@c aifbstrate 1
portjon of a vertical crack which forns the main

scr 499 PRESNHEL- aPSeB AP SUHdr neFCURRERCE 2B FFBIPPIRY 1n the

f or G t¥ers daddeswfacte POrat 06hé0cebsaingr kieedlion can be
crack which forns the main scribe |lines M3l, the

r ea® %Y TS %e acts on the bottom of the vertical

crack in a direction in which the width of the

vertical or ol GuLaas. WIBR! Eh8!frehfE JELLE SRR 1 1o
gIa$$rihmdbgthebcfibim@cummererthepressingforceapplied
to the mother glass substrate 1 by the 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.

Figure 13 shows yet another example of lines to be
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-L1l2 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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25 vertical crack reaches the back surface of the

not her gl ass substrate. Figure 14 shows yet anot her

exanple of a line to be scribedfornmedon a nother

gl ass substrate used in the scribing 30 step according

to one enbodi nent of the present invention. In the

scribing step according to the enbodi nent of the MDO26
present invention, the scribigdTutter 21 i s once

spaced - 48 MD026 fromthe nother glass substrate 1

between the time of formng the main scribe |ines MS1

and tMe anefe 18 ther APREPLRE stiBPsaereedingnte Hmy embodiment

Howeye khedSr SHONE intrdritdWre dédcrli BRaSHPLS Heifi® ende88 Figure
SS1 can be formed contlnuousliba ter the nmain scribe

5
| i neP vePideE Foe Rimschdhe 1haef MFL REestprpedy sub-scribe

igt teine BSIr Qﬂb?—gﬂlﬁ@t f@'ﬁll-'gémf gibAtindiseate fbﬂgé@ outside
ows ot her | e o 0 scri be
for i BRYStrARR o 1 EE 3 Dni Phaped et £REmlH 58ETbe Lines
scr iMﬁhg:ylapprepimatelﬁi g5ho- bve veinftodiheemainfs¢htbe lines.
PreIeltin LBV ERL! Al Bck8aLAG SEEARLTMLAIER GG T8 {he matn
esen describe

the e |nen |nve i on
Wit tﬁcrléif‘reﬂr dipestMSFiand eaclxzof athefaupstraighlitscribe lines

SCrifisIddes MW 418 B 1L e Idiy ]agré 'ﬂ? h AL P,
formed along the lines L9 and L10 to scr
Wi t hout spacing the scribing cutter 21 fron1the not her

gl ass substazaisdribb8 weFh Q’éﬂr“e‘ﬁtctee&ozfliééréﬂ%cegn a case
fromthe nother | ass substrate 1. The two remai ni ng

st r ¥hGHe SUh1FeTibse d inesc Sfde § arnach &y hedeyg wpaced from
li n&mé\ﬁiméerisérIB_@Le%IMmgbyfa@p&Minﬁ&%lLyﬂd ﬁﬂd—irﬂ:@ b&tress

be scribe ut spac scribin cutter
from% HP ‘i B 835‘ ‘%fﬁe gl g%b%i’:??%‘énal to the
li n@s'.rﬁgltiamsof ﬁbmdngrsdﬁleaelﬂnéarorstm sazrfhbe gfithe mother

SC” Ged b Q/?% E@étgﬁgyg,ﬁ ass suﬁﬁt :ya? P8 e 1anes

range
Ssl. A compression force acts on the surface portion of a

- vertical crack which forms the main scribe lines MS1 already
formed. When a compression 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
inadirectioninwhich thewidthof theverticalcrackextends.
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 line 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 invention, the scribing cutter 21 is once spaced



10

15

20

25

30

For exanple, in one of the side portions in the

| ongi tudinal direction of the nother glass substrate

1, 30 scribe lines are forned on each of three

substrates la in a specific order so that the three

gl ass substrates la are forned along the width

direction of the nother glass substrate 1. - 49 NMD026 MD026
Next, in the central portion tn8he | ongitudinal

direction of the nother glass substrate 1, scribe

line for do each of three substrates la in
specf’f 8Fd'é?tr§e RS SYIRE A RS t@?%‘%%“"%ﬁ’rb‘?tpd{‘%?fl forming
are ﬂmnrradinalcumgeuhmesmsll Andithect inlod Folch@ ngtiHesub -scribe
| asgy ate.l1. Flnall in the qther of si

- é@s"lg]t e FOFEN§ T U nal'l'o‘&n:}L et o6t FLf‘heglt(;‘jrﬁt"F‘t'él?'Scribe‘

portlons I'n ongit
gl asbirmﬁJQSrlacenlbesﬁmntmd bt iresouwg ky fagtensd the math scribe

5 of t qp_:f)ft REC S

the :Htree asgslaésﬁ0 ﬁflg ar eg ine%dtg{ onsg‘:}{@“g cutter
wi dtdl oﬁrQTNethmtmhfgr a@ba%tsub%ltleaﬂe Figure 17 shows

yet another exanple of lines to be 15 scribed forned

on the nother glass substrate 1 in the scribing step
accor di ng t &igEeeASoahavRt Yot anrthne s&ampley okt Lldpes to be

Fi glerilbbesieifed bﬁ%dﬂ&ﬁ@ﬂabé%t&t&%t&!éé@ﬂnfﬂfe scribing
cutting the suhstrates |b and. 1c with an irregul

shaps- R E°FPE, ﬁetﬁo?‘?t%re“ﬁt"éysf“eétfbﬁr the E_req%t "invention.

scribing cutter 21 is pressed and rotated on t he

not her gl as ubsirate al ong the |i

to be scri E’eZ‘ %%‘ﬁ 7?151%30’6% ta]cgﬁg g@u{&é‘? ‘eibodiment
shapes the st liawngtsimcdelsérmheﬂhetmtbéerghmsto Figure
S’Ubs.ltzr a%%téﬁa egoétgf%g#ﬂtus b(::‘l.:l.lncs-T ﬁFvinPa@ge main scribe

irregdlar s
subdtimsiseM§ 1 dmefabm&é akong ctﬂn@dllneeg,tﬁ andslhlacpdm beescribed

Zhg{tlé.z:lhdm %Q@inbm QCEEBEEB%&@&E Bane- AR HNGLYAE: glass
subs rate 1 the scribing cutter 21 is spaced from the mother

glass substrate 1. The two remaining straight 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
longitudinal 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 thewidthdirection of the mother glass substrate
1.
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and/or a curved line. Figure 18 shows yet another

exanple of lines to be - 50 MD026 scribed forned on

the nother glass substrate 1 in the scribing step

according to one enbodi ment of the present invention.

Figure 18 shows the lines L15-L18 to be scribed for 5
cutting the substrates id with an irregular shape fromMD026
the nother glass substrate 1- &ch of the |ines

L15-L18 to be scribed is provided to correspond to at

| east one curve defining a shape of the 10 substrate

1d with an irregul ar shape. The lines L15-L18 to be

scri bed ar e Nastvedin i NS b €Fal Nsyer fol BletRE maﬁgituainal
from one of end

degr urvature and are provided
o GRSt foh (i EhE i h el Ba s ibhsrsR 1 (g caripe ines are
sur f feesedfort e lastt mme Bubstrattbe sar hhi agsﬁéblﬁﬂ.c order

521 |s RLESS a rota on the urf ce of

5 ot 7 Uiaeare BirpS, 81485, St (el [{K S shigg along the
scriwkdth odiveottos cof bthé i methdhegbass esubf0rahe 1.

scribing cutter 21 is pressed and rotates on the

surface of the nother glass substrate along the |ines
L16-L18 to Hilmakky bekh tthe rthexribhesidemaportions in the
res pf&ﬁéi’ﬁ'ldinaﬁ.‘&iﬁ@@*f Eo%‘ftﬂ}@gﬁ(g%ﬁéf G985 Q%u%@%&%% gaf Cscribe

shapes 25 other than the sh rectangl e

0 nclltresaserfoyrrd op erchf bhree cﬁﬂhﬁéd—'%%elazi@a specific
Br eadardér Sbeph a0 tH @hf‘égtﬂasé kapdetaitks P4 éﬁ@ formed along

bre ccording to the enbodi nent of
prezé?ﬁ %%@Et?%ﬁ%l'ﬁw JELRSF pRpstraye *\/1])26 The

breaking step is, for exanple, performed for the

Figure 17 shows yet another example of lines to be
scribed formed on the mother glass substrate 1 in the scribing

step according to one embodiment of the present invention.

Figure 17 shows lines L13 and L14 to be scribed for
cutting the substrates 1b and lc 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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not her gl ass substrate 1 with the scribe lines forned
thereon by the scribing step. 5 After the scribe

lines are forned along the lines L9-L12 to be

scribed, steam having a tenperature sufficient to

cause expansion of the nother glass substrate 1 is

sprayed onto the scribe lines formed. Steamis MD026
sprayed fromthe nozzle port+d 52d of the steam
generating apparatus 52 shown in 10 Figure 7. By

spraying steamto the scribe |ines, vertical _ cracks

ext sifhiRee FBH&“FH@"’S‘&‘F‘? Bethexrsklasg eHhstRathd in the scribing
t hi s accdird@tid €6 She tdifodDiMisit PAtheSpPeLEAt eidvention.
The steam sprayed onto the vertical cracks having 15

openi ngs on the order of mcroneters penetrates into

the verti galrigxﬁcd(sadsue%xb@ taxecanhblsar.yspneaomrw;scﬂnbed for
penetr.at.e L qui ands ansion), a

Phucueie s pinfteanes 1R 1 0332, BPrpe exom the
backsihdmarlayds tdubstmrtteerl gl ass substrate 1. 20 The
nozzle unit 53 including a plurality of nozzle

portion 52b can be provided on the guide bar 36 and

steam can Facippfythe diines hd5shidBate e scrd begt herprovided

gl asg %B%E%gtoﬁd @oq‘t WiaGl @né%t‘l?@eld@.@iﬂﬁné | gﬁgpe of the
(see Hégwe he not her gkass substrate 1 may be

br ol&atp t#ﬂaw%ﬁﬂl%ﬁaﬂq aF PR t he not her
gl ass substrate by applyrng a pressure to the nDther
gl ass substrate on whic ibe lines are for

froma surfdd€ Jo"p"tf'o%H‘@ Pﬁattl‘?eb% EFF&P%d(ﬂF%ﬁuF\YI?@ H'if"ﬁ’é which
SCr ihatrd mnpredetelrnined dkhbeut oﬁré)\‘ir'daﬂ'@ré h@n&ta?ﬁénprovided

enerating appar at 5 ur a c
5o EEErh o BRc ehfn BuEF 5o DR KRS P Y B PG Heate e other of
I nclemdie smrifases asfCitHeatsubsftorattecat i 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-L1l8 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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the scribing Iines using a | aser beaminstead of steam
in the scribing head. The scribing head 20 may
include a laser oscillator for drying noisture. 5 1In
t he enbodi nent of the present invention, an exanple
has been described where the breaking step is

performed after the performance of the scribing step. MD026
However, the breaking step is3bt-limted to being
perforned only after the 10 performance of the

scribing ste As long as a vertical crack extendin
fromthe scr b(?ebFFﬁ]éénﬁa'ﬁ*eé%d%nd‘-q"hei‘ﬁ@Ptlﬁlr dgfefarmed for the

di r ecitisr gllabbesundisiatad € withsPhaycidba Noeds #erhkdi thereon
havi n 18 ter}ovﬁjgturi%suffl cient to expand the

subéfrgie on *&scribe |ines are forned, the
time of starting the scribing 15 step and the breaking

step, can b hos ar bi . For exa

br eaki ng st ESFa Fﬁég iﬁﬁ??oaﬁesﬁ?and ?}?Egcﬁﬂﬁ lines

be par-Idartd wdisloridest,r &t ghin Hda\fllg1§ ] %&hﬁéﬁatiﬂgg sufficient

substrate cutting .appagatus and t subst

cutftl GhEr r?d‘a’aé‘%&é’pf‘g?%g‘ﬁ’ﬁom 8 Srentt 5%’:?58 1 1s sprayed

pr esartto thesemtlberl ireesef bevad d SteaEnbisl splrrayteldefrom the nozzle
i S e ven one

o) 2B eI 20 bRCLRECE EBn, (UL Ol “Uipa BT 57, shown 1n

di viFdigawe fhe %ﬂb@QRQHipq(ﬁﬂagmcmp tbenstribeilioes o vertical

Onecrégm%éﬁf%ﬁﬁiné@¥8ﬂ%h@@é¥ﬁb§§iﬁ99@ﬁ?%d&ﬁﬁ@ eQ§ﬁ%kness

where the bonded Substrate forned ng a
subSEgcd 198y of; thec et hedh glagise ﬁ‘-’é’%ﬁaterﬁe pr esent
invention can be applied to the case mhere the bonded
substrate cap be _cut 30 Into, for exanple, qui d

di spl ay paniP§ GhPER SRraveqmntorthe éfefb‘?js‘fﬂjafﬁﬁé‘r@ having

or ga@b&iﬁbspaﬁekﬁe bl&ﬂ&gaBECmEbrbﬁl@QE&s pen@tTdtes MRito the
pro %3 iubstr reflectlve roj ector
Sub gal CPraf SI Id&be lary phenomenon. The

penetrated liquid 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
portion 52b can be provided on the guide 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 substrate 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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Figure 19 shows a part of a nother glass substrate

cutting apparatus capable of cutting a bonded

substrate which is forned by bondi ng two substrates.

5 The bonded substrate 200 is formed by bondi ng an

upper brittle material substrate 200A and a | ower

brittle material substrate 200B. The scribe |ines are MD026
f ornmed on the bonded substrat®2 200 by a scri bing

means 201 and a scribing neans 10 202 scribing from

the upper side and the | ower side of the bonded
subscmitel P hedd nde iodlodierentlader hesqr Eleiidr for heating

"““%%#‘%%;%?E% ﬁH&J'nQSQB aEaEE§F ﬁegﬁ 1ﬁgéééﬁgof steam in

| ass 5
des cfrhq)é@rihémmadt h&@heudesribiag head B rmay imadudst a laser

i mgﬂjﬁ@@s&ﬁl&;ﬁf@ GSo1st\ErPr esent  invention

can be applied to, for exanple, quartz substrates,
sapphire substrates, seniconductor wafers and ceram' c

substrat ﬁ; Iz&@éﬁifa@atméﬂt bh&:lﬁﬁsf@éé}:ﬂt ih@@n@ﬁi@ﬁr @nr&ample
to n enbo nt..of_ the sent entlon in a

Hzq RESH demchvhe LARTES the e shLRg P Sb AR PertRRBEA after
t [ psth?elpeflﬂoﬁrianca ofi therdidinig stéper Haweitds £the breaking
vvheel n t crjybe 25 f ormation neans
cont ace'tp V\ﬁ hXP% %iﬁt d f%sg’egﬁlgstl?ea’f rnie aﬂ%ith&fUcer the
t he pegrfidumanaecof $he smmlﬂﬂln/g shephe Xx kongras 4 verttheal crack

ot @%te%d%. %Egﬁt%@é % Q)%' Eg.n?% %gieg{?elryd \.f.?r'l:ffg ﬁyickness
vi brating e ScCri ter reaking Step
acc@rldcienvg}iqnoOf rt@eemiwtmm byt spyneedmatinefindd having

can aeftfeﬁl%'éh:\é@u}esgu?@iegéﬁw g8de ﬁgn&hehé @éé&@é on which

can be obtai ned, as woul be obtained If e scrib

cut ttéye sarike élugé@r%owaﬁp@%%moaeérﬁ%%%#%éae scribing
whelsg dposhdStKeibddakine?s t M 5026n be chosen arbitrarily. For

example, the breaking step of spraying steam to a scribe

line can be performed while a straight 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 i1s cut. The present 1lnventlion 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, organicEL panels, inorganic EL panels,
transmissive projector substrates, reflective projector

substrates, or the like.
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scribe lines are fornmed on the nother glass substrate
to cut the substrate in a rectangul ar shape. However,
straight scribe lines to be forned are not limted to
four. In a case where three or nore straight scribe
lines are formed to 5 retrieve a substrate with a
pol ygonal shape, the present invention can be
appl i ed. For exanple, three ot ¥re lines to be
scribed define a region with a polygonal shape on the
not her gl ass substrate 1. A closed curved |ine
including three or nore straight scribe lines and two

or mo:nge curwerblil& HimgﬁgﬂbeafﬁﬁB%ﬂ)ﬁ ]ICnB‘Eher glass substrate
Clrcu ence 0O e Su ra errorm.n

ot L] S arab i b AR o BS54 BE AP RAGH syhs trate which
pr eskntforveadthp rbordiny ofwd hediestrat@s e scri be |ines

is not limted 15 to a straight line. At |east one of

the three or nore scribe lines can have a straight
line, a cuwﬂhbbbm@edsubs¢mamﬂﬂﬂ0bsfoamadbybahgmnganupper

I i T
oot Pk Fe fELEan il i £ 2808 Und 1 fdle X Br AR 85 er a1
enbotihfinate 200 prhseperibe chinem anq)\;ﬁgq:e\ed phethe bonded

pfe%ﬂfﬁsﬁf&@tz'o‘bn hg%é’rﬂﬂn ‘?neacrg‘%torluﬁﬂdaﬁ b&}¥ing means
limted to such odi ments. Tt should be recognized

thatZQ%é;cé'é‘(?ﬁ@gmfrPHetB?ewrl%tﬁ% the lgyey side of the

conYdnil uBderadaizgo. It shoul d be recogni zed t hat
25 those skilled in the art can inplenment the

equi val ent scope fromthe descriptions of the
speci fic prarerald eempbdiihe®tt 6£ thasedesentheinvention, the

{ eor e A ABRPEa B TR e, PY ABedhRFDea THRe pRgher glass
pat emﬂfs,trqjm batveapeen cbds ansbedd domevent,s thef substirates to
e S Y e, XVl 88 YRR B LRSS Aanls pesent
I\/Dozamelﬂaorw@com applbedHe stbstaxampleut giaytz substrates,

apPYPpitire substrates, semiconductor wafers and ceramic

- MDO26

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) is incontact with themother glass substrate
1, and then the scribe line is formed with the pressure to
the mother glass substrate 1 belng perlodically 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 1f the scribing cutter 21 were used.

An example has been described where four straight
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according to the present invention, by spraying a

heated fluid with a tenperature sufficient to expand

the substrate on which the scribe lines are forned, a
vertical crack 5 extending fromthe scribe |ines can

extend in the thickness direction of the substrate.

Thus, the vertical crack can extend in the thickness MD026
direction of the substrate without-nechanically

applying 10 a bending nonent along the scribe |ines.

As a result, wthout generating chippings in the

substqrite Hings @nmpdiarmgd tpreddie dquatdrer ghagstsehetrate to

i's d@ﬁéhékdﬂéﬂﬁt@hﬁ@réégaﬁgﬁw% dHaIS. t ackeveH, straight
15 - 56 - CLAINMS MDO strate cutting

appeiHtiRe 14BRErte bﬁgf°ﬁ’i‘§€rq1{?enptn3e1'!’o??ﬁ1 r‘Fﬁ’ fReuRs flt a case
f or Mhered {Sfddeot | ﬁ@re Ssepadghtbsti-abe, la.lih@.sa are formed to

br eaki,ng neans f aki t he substrate on

ooy A RS e R Il o R R AR TS present
for 1rs4ara;mmgcanhbataq11ﬂﬁleﬂ d B‘atl egampleptirdelior more lines
sufﬁkphgnécé §§a¢§ ggghon f t he .subst r.at

onto tNé SCribe I|ne or e Jbgpﬁgﬁgn-&-gﬁapg on the
f ur tedrhegx gdiad sa su@sttma:le ar. ack cb«$ed1du:mgvéd ohlndeincluding

scridigdd Be 1@812%'1%: gk{leéérfg QY andf t%lgeor more curved

substrate. ate ‘cu tlng appar a
ac coddiesg are épammdlonwhm ethrcuntesencdeof i the substrate by

I NClH4de% rifi g dle %Jr’irtﬁtngl it P UIdRABY tA 55F Ubodiment

I|nefport|on the first Ii'ne portion and the second
i n@%p iRye®dcdi®ot her and each being a
stralght Ilne, a curved line or a conbination

hereof, angd 20 the scribe line for ans forns
thereot, gﬁgg o? tﬁree Oor more scr bg lines is not limited
the first |
- to a straight line. At least one of the three or more scribe
lines can have a straight line, a curved line 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 present
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 invention and common
technicalknowledge. Itisalsorecognizedthat thepatents,
patent applications and documents referred herein are hereby

incorporated by reference as 1f their entirety are described.

INDUSTRIAL APPLICABILITY
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portion and the second |ine portion while the scribe

line formng neans is spaced fromthe substrate. 3. A
substrate cutting apparatus according to claiml1,

wherein 25 the scribe line includes a first line

portion and a second |ine portion, the first line

portion and the second Iine portion crossing each MD026
ot her and each being a straightsgixe, a curved |ine

or a conbination thereof, and the scribe |line form ng

means forns the first line 30 portion and the second

| i ne porti orAcgarbing t He s@hbbeSUbﬁératerntngthnansapparatus

bei ng. Ve n
cuttl n%% g%,%s %%?Eéd%%g t'o rg%%%', ?ﬁe?ﬁiﬁ%% heated
VDO 261 w3 wdbihj @éqmmﬁmﬁﬁéﬂfﬁﬁéiﬂ-ﬁﬂéist@ expapgy therrubstrate

por tdpryh $AROERLY HRRCIEGhdD @PeefgrﬂEdth%'Wéfﬂical crack
line portion and an end of the second |ine_portjons

t he ®HeERALRGETOM EPelsfcﬁ?eukﬁ)ﬂ-tii"‘&‘F Fangrkerd d@ the Hiickness
t he ®ntedfidheosegmnubserpPs i on, the curved line

portion is forned along a boundary line defining a
predeterm ned region on the substrate, at |east a

portion of tITmshothdarertidalecrack azur egtienhidnin ahd thickness

at | ort of un 41 Y.
conné(::'i‘;"fqe'::dtajtcg1 anfot r]"er ﬁ}bo?etlrcaan og‘%{%eo ou"(rﬁ atf%/nf%gfﬂ aepplying
and & Heerstiridandnieret fadkariq\gtheasrsr flor nbinde. first |ine
portion, the curved |ine portion and the second |ine
portion. 5. A substrate cutting apparatus according to
claim 3, whéy=eian remmlthe widihidwt |denerakinerchinnings in the

a t@dﬂ%ﬂf&%éF%Hiéﬁ”boﬁbétérﬁitﬁUEKEH b&%@rpog”éﬂbé¥ﬁhte is
a second curved line portion, the irst line

por il hPreksh flank tha tﬁ‘b‘??-boﬂ'ldljtw tR e F¢he
portion crossing one another, and each being a
straight |ine, a curved line or a combination
thereof, 20 the first line portion, the second |ine
portion and
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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 Iine portion, 25

anot her end of the second line portion is connected

to an end of the third line portion, the f irst curved MD026
line portionis a curved line ggtion which is

snoot hly connected to the end of the first |ine

portion and the end of the second line portion, 30 the

f irst curved line portion i LA hed along a f irst
boundary I|ne defining a first region on the

substrate | east portion of the first, boundary

linet } a‘s‘t‘iﬁ‘b"@o"q ’aﬂﬁj ARRPTA LY 2 FOHTAT I of the

f irst boundﬁﬁ:yrilbdﬂ&.iln& ot g yieans&F oVEOZMiAGNECERHe 1ine
to %ﬂpth%;l srtlon of the first boundary line, the

secoht TR a%e f%ion is a curved 1ine portion

whi ch i s sneoblreakdognmeand fortbreakimwmg Hnel sofbdtwate along
secqiyl ld d¥§lﬁﬁrh-%p and the end of the third |ine

portlon e second curved line portion is forned

al ong a secwhériedondthy bneakdaid nhegna docdnflessgheans for

MY bahEatedls 11885 haRAld Qnté’nﬁpéP&t&f&Os“lS’fficient to

boun ary line is a curved I|ine and the at | east
por GaRF oeXPaRSieR Hfdthe mitkatratyentpsthesgribg Tine formea

coneciee kAbabehbers§oasi 86 Alrther el alQrertical crack
i ne, first ion, the second regi on and

b d
L he SHendLni EFER 5he SPFLBReRIA? o diie GRS g Eect on

ovellfapheneubsdtdate,. and the scribe |line form ng nmeans
forms the first line 15 portion, the first curved

i ne portion, the second line portion, the second

cur Zedh suhstpaté¢ cottdnd dgpatdtuglatcoedipgtiviclaim 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 combination thereof, and

the scribe line forming means forms the first line
portion and the second line portion while the scribe line

forming means is spaced from the substrate.

3. Asubstratecuttingapparatus accordingtoclaiml, wherein
the scribe line includes a first line portion and a second
line portilion, 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 portion without the scribe line
forming means being spaced away from the substrate.

4. Asubstratecutting apparatus according toclaim3, wherein
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6. A substrate cutting apparatus according to claim 3,
wherein 20 the scribe Iine 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 curve portion,

the second line portion, the third line portion and MD026
the fourth line portion crossi rgy one another 25 and

each being a straight line, a curved line or a

conbi nation thereof, the first |ine portion, the

secoie | seeiber Lilag, fugdhegh dnrludes pRdI ehghednd-iniee portion

fourdabd i, RRhle@t edtbN&n dedd fdeh threeg'ig@thil!hgglf@rtion and
rect angul ar shape on the substrate, 30 an end

firsAn|gnfk %r‘i"r%rﬁqc@o%&i’é}ﬂ RPELONE . end of the
second |ine ﬁwtehanofaﬁﬁtehﬂrsadmﬁetﬁ@rﬁf@@nﬂs |ddihected to

port on [ ecte t.o.an end the third |
por itiment &8 Phapgsgoator hae AL LT « e FFUef fine portion
por tmsorfdmnecd)mantgada Hommalargnd. iofe tdtefifrﬂufg fa Ipreietermined

portio o2t her d.of .the_fo rth Ilne rtlo
connected to ancﬁlﬁmtratde ot BT F AP |némp8rt1: of, bqoundary

theHine$$acumwaﬂlineqmﬂth@atdeaftmmmedﬂmmmftheboundary

IC’ortli i%im%%tih n anc?%%e&g%gﬁaﬁ?%egogﬂgo dfeflet%eﬁndary

first Tine porti secon |ne
porﬂﬂ@m.iﬁﬂﬁf irst curved line portion is f orned

along a f il sQPH!BQaii/né'fFrnQﬁfd Hie'&glsaffarinES{:h eﬂif’é‘t line

on the substrate, at [ east a portion of
bouﬁﬁ&ﬁ¢qnwﬁb¢§uaV@ﬁ4&&Pppﬁéiamfn%§haﬁqqanﬁlaneportion
portion of the first boundary line is snoothly

connect ed to anot her gprtion of the f i.rst boundar

[ né.- & RBPSEEBHA CAITFES TPRRF OIS PEROFELRTIER G Pnarheredn
15 povel iseriblel Ahnes faftbiel! W neawdest ad thadddhaisiehglortion, a
end fg.frstthgurved 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 combilnation thereof,
the first line portion, the second line 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 acurved line portion
which 1s smoothly connected to the end of the first line
portlon and the end of the second line portion,
the first curved line portion is formed along a first
boundary line defining a 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 smoothly



second line portion and the end of the third |ine

portion, the second curved line portion is forned

along a second boundary |ine def ining a second

region on the substrate, at |least portion of the

second boundary line is a curved 20 |ine and the at

| east a portion of the second boundary line is MD026
snoot hly connected to anot her- g t4 on of the second
boundary line, the third curved line portion is a

curved line portion which is snoothly connected to

t he ouinectad] tf arwthen mprtien jafe the tfors arkpundary line,

end of the fiqutdpdd Mécﬁnliﬁgept)gitﬁ.gncﬁ_rsv%d diRfed line

portion is f ormed along a third boundar i ne

|
def ipAmiglen whilch LegmaPnY Fondgsdedate, the otherend of the

por td b 14k PBEEQQQOHHQabe|éﬂHEJf§tﬁeCHﬁ!§d 11R& portion,
and the at | east a portion of the third bounda

lipe
5is 30 snoot HRP EHHG éﬂ‘qvﬁdaﬂdtq?erp%ﬁjt?rbrﬂ'%fg%meg along a
t hi rgbdsnnganidat- Nenelder fnlidda seegndredivn spabetsubstrate,

region,, the third reqi and the f. if th regjon are

di f 1% e‘rﬁa%‘edi%‘ﬁg“&h b S FRGRG, bosa uigre curved

do rdine mangistbheecat deamicagpotbibon aihdheheesonidbbotindary line

form g 0 A 1] t fiySt

curG%% ?ﬁﬁggg%ét%gﬁ?g?ﬁgasg%bﬁghﬁﬁﬁgp %#??%%,G?héhﬁ§ second
10 secdrmhrgdarpedldnene portion, the third line 5 portion,

the third CLl:r}\n‘ég‘%ilz.js'%er@@ﬁbh‘?ntﬂadsEQSnﬁoféﬁfohigﬁd the third

portion. 7. ubstrate~cutting apparatus according to
cl airadionmee differratywaginng vixkch defiqigovieahapiofeanother,
scrifggg cutter having a 10 shape of a disc, and a bl ade

edge which rolls and contacts a surface of the .
substrate i $MeoEREdPEn1ERE SATIHRG mean fPrBiFehbe first line

15 sur fgaer 1dn t hens CEibéfgcauvear 118e pPosuthshr,atthec dddgl line
appapfoarttuisona,c%%redlsggokg &';%'ré“cﬁiﬁ"é” %ro(?cltr]ion and the third line

portion.

6. Asubstratecuttingapparatus according toclaim 3, wherein
20 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 curve portion, the second line portion, the third line
portion and the fourth line portion crossing one another
25 and each being a straight 1line, a curved line or a combination
thereof,
the first line portion, the second line poxrtion, the
third line portion and the fourth line portion define a £ifth
region having a rectangular shape on the substrate,
30 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,



10

15

20

25

30

15 a plurality of protrusions with a predeterm ned

pitch is forned on the bl ade edge. 9. A substrate

cutting apparatus according to claim1, wherein

further conprising a heating neans for heating the

scribe 20 line. 10. A substrate cutting apparatus
according to claim4, wherein a pressure applied to MD026
the substrate by the scribe 4ige form ng nmeans when

form ng the curved portion is |lower 25 than a pressure
applied to the substrate by the scribe line formng

means when fasatiher end efistheidigid dHaef ppstippnks connected

por ti P ANdhd Nee SAGROELUH1E PG If¥irtdldn, A Substrate
cutting apparatus accordi n?’ﬁ;o cllaim1, 30 further

conpri sing @nthan rEART eyt AREER Fije PordioRglsrennected
SCrife dridndPrdid b freans ﬂﬂmch.ﬂué/%drﬁﬁdm axis. 12.

A bstr at tt th

Soribe | ne W iRt SHERS0 fr Lo 46,3 BArYPR Lhg portion
a Eu?sidmtjesl s’i(f&btﬁiiy‘ eﬁﬁmw&awftmmﬁgftm first line
substrate along the scri

breéiﬂ’%gioﬂeaﬁ‘ et dRe £ getgb rg\a{/]f%g paojﬁ a?

fluid havi ngche fknpiammed .‘sirié pomdbm:bs farmed along afirst
eXpEH&:‘cdnCHE l&%‘aebﬁggi}xﬁ.ﬁé %]’.OS'EP:% (Hrl %?1 Ithgesﬂflbstrate at

or ne hé substrate S0 as ext'end
ver thegt clraektiem%dih?gf#rr’@nbwmd%?@m-btner iligea <hu¥1ﬁ%d line

thi %%&'J@Cﬂéa@% alq;di:ftitd?le oxRgd "’ﬁ.frstleboﬁdary line is

substrate cutting according to claim1
\/\herS@}Wtft%CQEPPl%eldl ‘me anedhedeBORELPR R ther f?-F%F boundary

lingirtion and a second line portion, the f irst
line portion_ and the second 15 |ine portlon Crossin

each other ¢ SRIPHLITRFELItIERYPOTELRR, 18 & ed line
|| Ngdaft idort GRBichal & indd@I80tonnected to the other end of the

second line portion and the end of the third line portion,

the second curved line portion is formed along a
second boundary linedefining a secondregionon the substrate,
at least portion of 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 acurved line portion
which is smoothly connected to the other end of the third
line portion and the end of the fourth line portioen,

the third curved line portion is formed along a third
boundary line defining a third region on the substrate, at
least a portion 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 £irst region, the second region, the third region

and the £fifth region are different regions on the substrate
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the scribing line f ormng step is perf ornmed by neans

for formng the scribe Iine on the substrate, and the
seribe line form ng step includes the steps of: 20

formng the first line portion, and f orm ng the

second line portion while the nmeans being spaced from

the substrafie after the first line portion is formed. MD026
25 14. A substrate cutting nethd -according to claim

12, wherein the scribe Iine includes a first line

portion and a second I|ine portion, the first line

por tWiskr AP Rt Eefl avefelap e Anekrsi mpdach

other and eagfe Beirl8ed1$hH& ¥ Stiind Mdan FORMEEhbi FErst line
or a conpination thereof, 30_the scribing line f

or MBAFSt¥ | P9eF T3 nebrE§Antine PRSIt IPBrnitRG t3Reond line
Scrigrariidie, othd heeSotGt cateedt henec poe ibnne ther iHigd line

step. incl udes.the steps_of: rmng . the first lipe

por B dffa tegShiRBiSut ¢ A, Hik A5 8RE FhpcFourth Line
por tnoortdert hout the neans being spaced fromthe

substrate after the first line portion is fornmed. 5

15. A substrate cutting nethod according to claim 14,
wher7ei Asubgérateicvd Hingapparates agcbyddsgd acctabul, wherein

| ng RO Ahe SARAL Ebgmmanﬁsx&ﬁgfie ange Yutf¥ having a

first line portion an an en second |1 ne portion,
t he sBa@eoPrii Acdise stand febgadei sAIrswhdeheer ks tand ppntacts

t he agengdupkathe ¥eCoRd |dusstiUtd Ols FErmedi Ve | 4Re external
portion is formed along a boundary line defining a

pr e FeESREREE NG fUFasH Ofe i qmiitingicytdas- a

portion of the boundary line is a curved |line and the

at | east ortion, of the boundar [ i § snpojhly

confiedt BuPEbahe AR narRRa L A HaRALA Y B CTean 7 wheredn
a plurality of protrusions with a predetermined pitch is
formed on the blade edge.

9. Asubstratecuttingapparatus according toclaiml, wherein
further comprising a heating means for heating the scribe

line.

10. A substrate cutting apparatus according to claim 4,

wherein a pressure applied to the substrate by the scribe
line forming means when forming the curved portion is lower
than a pressure applied to the substrate by the scribe line
forming means when forming at least one of the first line

portion and the second line portion.
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 axis.

12, A substrate cutting method, comprising:
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the scribe line formng step includes steps of:

formng the first line portion, formng the curved

line portion, and formng the second |line portion. 20

16. A substrate cutting nmethod according to claim 14,
wherein the scribe line further includes a third line
portion, a first curved line portion and a second MD026
curved line portion, the first®li-ne portion, the

second line portion and the third 25 line portion

crossing one another, and each being a straight 30

line, a cur@etcFibe lmefogRangasten Qfh&eapdng pcscribe line

firgh la Rabeeaiten, anlde second |ine portlon and the
third line gortlon define at | east ?ﬁhlon 0
&

third regi BrPTERH¥IRE S50 50‘?&?3191‘5% SPhétra%e along the
subsicirdbe, 1anecnd of the first line portion is

connected to,an .e of the,sec orti

another endvBECeRE e braeiR SHan infidSEh ghen of spraving
to anheated filheld aviing ne pempepature63uffbDB26nthéof cause
irs I r [ of tdi

oy GREADSIEn, PRI ERS ouBlrided SHEd Shd, Q- 1k Formea on
li néhepcauhsmraamd sheasnfooffutthegeeiterid ne pertionl crack

theeﬁ:t'ehﬁ&n@“ﬂé@ﬂ *:thscE’P:[f;é ihS fn YHEEHARNLE direction

first 5 bodndary line defining af Irst region on the
sub®fr he, sybstraier a portion of the first boundary
line is a curved I|ne and the at | east a portion of
the_first boundary line is smpothly connected to

anot-Rer® EHHSBFaFﬁe’Wftﬁir“& mgEhad ASFandiag 'E‘hé‘%éé‘bh%l wherein
CUr ¥Be &cPEHOTinO N e atedehshca £ 0rPOriimd p¥cion and

IS snDothI onnecteg t 0 .anot her of t se nql :
| nd TN A BRP SR LA . Ga FACER 1 he MRS bl ADf, 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 substrate, and
the scribe line forming step includes the steps of:
forming the first line portion, and
forming the second 1line portionwhile the means being
spaced from the substrate after the first line portion is

formed.

14. A substrate cutting method according to claim 12, wherein
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,

the scribing line forming step 1s performed by means
for forming the scribe line on the substrate,

the scribe line forming step includes the steps of:

forming the first line portion, and
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t he second curved line portion is fornmed along a

second boundary line def Inlng a second region on the
substrate, at least a portion of the second boundary

line is a curved 15 line and the at |east a portion of

the second boundary line is smothly connected to

anot her portion of the second boundary line, the MD026"
first region, the second regiorf4arid the third region

are dif f erent reglons mhlch do not overlap one

anot her, 2Q the scr, Lin I nglude

steps of: %QFgﬁﬁﬁ hgeFPP FPﬁégﬁﬁffgﬂn ft?%ﬁf%?ﬂf means
t he Yeaireg spacaécfﬁomehpcsubsjtn;até afrvemgt hénf igmsdohdine portion
ling PYSsdy. fOrmng the second curved |ine portion,

and forn1ng the third line portion. 17. A substrate
cutting nethod according to claim 14, wherein the

scrie Al ftdaltieeiut 'E‘fllxé' fetndaldbdshdif§ tB¥id O 4a wherein
fourth line portion, a f irst curved |line portion,

secdtie Sﬁﬁ’é’c}?%eBiPPnéuﬁGPFFoﬁ"éﬂdld&% e r auwﬁde&im@néortion

por tgnbtHiRecohhbstel 6 84 ehaNof i $86¢@Rd1hhBeportion and
portion, the third J]ine portion and the fourth I1ne

porﬁ“oﬁ"@r %l%%%l@rt% each being a
strai ght |infte anauo¥ethéi PErot RikONgvIeic®Ms dvhnected to

h wthe f h ¥ _
D038 DRSS el LS A el e o

por tisof odwieidne lang ft loundgiryn lHiaei rd@fa.nriexgt mgui@etermined
ShaQ%g‘l% tQﬁ 'ﬁ@%&lrb%tt%at% agtefgag taag%rtt'i 3 F'ﬂ?e boundary

pOI‘tI is connected to arf end o secon
por 1iide isacudiedhitneandiheat deasitimpopbionmE the boundary

coniggieds EMo8PhePdcOhintBEeliNtd hidffePUld YE 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.

16. A substrate cutting method according to claim 14, 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, 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 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,
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anot her end of the third |ine portion is connected 10
to an end of the fourth |ine portion, another end of

t he

fourth line portion is connected to another end

of the first line portion, the first curved line
portion is a curved line portion which is snoothly
connected to the end of the first Iine 15 portion and MD026

t he

end of the second |line portédm the first curved

line portion is formed along a first boundary |ine
defining a first region on the substrate, at |east a
portion of tihe fi¥stchsurddype peetiendsaFyeyediine portion

and

wHieHi d eafdothIpIddriieed & fiHStedDWW ¥ Re #1305t 1ine

is 20 snpot hl y. cqQqnnected t o anot her poyiion of. fhe
o BOTO AT THEn bt e KPS A BTELon.
portion i s a&haufiest lcureedpbine poriviiotis £fosnedidilong a first

con
and

e 1S, ALBERLER%h ol e - SACANY LS AREOMke, at

e e | T e porti e second

cur e st peppotionrrf $hieof hedtapomydary ssound sbeuraevgd line

lin

| east a portion

T d [ t
Qi TeHY ng ieo%%%?h%e ﬂoergﬂi‘r?])(g\ g%un e 3 B Hfunadly 1ine is

Seco Ineé 1s a

cur vEwotihljecanpeckhed fo arether epdrof dheofixgieboundngy line,

bou

ndary |iR@e isecIRPIAINEOMERL €HokP18A0 BEE curved line

portion of the second 30 boundary line, the third
cur PFhiafe whdich &5 pEoatBbvveanierEegotei ptRPT 9nd of the

SO

VDO
t hi
sub
lin
t he

elddonacainecpedttionagantinen end of the it rd 1ide portion,

portion and S% end of . the fourth |ine portion
rrd

26 the t PP SRR THETE D dr o AR 140} el EAHG! #long &
Isécondbsiaidaty heénddeifiniggea s8coddregiion onth&substrate,
BY 3017 b PR L Y b pb IO R g curvea
liiier dnotinelaty leasé a portion of the second boundary line
is smoothly connected to another portion of the second
boundary line,

the first region, the second region and the third
regionaredifferent regions whichdonot 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.

17. A substrate cutting method 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 l1ine 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
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5 snoothly connected to another portion of the third
boundary line, 10 15 the first region, the second

region, the third region and the fifth region are

di fferent regions on the substrate which do not _
overlap with one another, the sctibe line formng step MDO026
i ncludes steps of: formng the first |line portion,

formng the first curved line portion, formng the

second line portion, formng the second curved |ine
port{RérecfOrmng the third line portion, formng the

third curved line portion, and formng the fourth

line portionthe8lratsting pardion: i seeonddl hee soditdgn. the
to ctiind 1dnefpbtitsn add GROBOUSHACL Bnd QJHAGNSEEPIRE a Fifth
heatéggiégehggiﬁgealéé@%angular 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,
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
to another end of the first line portion,
the first curved 1ine portionis 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 first curved line portion is formed along a first
boundary line defining a first region on the substrate, at
least a portion of the first boundary line 1is a curved line
and the at least a portion of the first boundary line is
smoothly connected to another portion of the first boundary
line,
the second curved line portion is a curved line
portion which 1s smoothly connected to the other end of the
second line portion and the end of the third line portion,
the second curved line portion i1s formed along a
second boundary line definingasecond region on the substrate,
at least a portion of 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 1s smoothly connected to another end of the third line
portion and an end of the fourth line portion,
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the third curved line portion is formed along a third

boundary line defining a third region on the substrate, at

least portion of the third boundary line is a curved line
and the at least a portion of the third boundary line is
5 smoothly connected to another portion of the third boundary

line,

the first region, the second region, the third region

and the fifth region are different regions on the substrate

which do not overlap with one another,

10 the scribe line forming step includes steps of:

forming
forming
forming
forming
15 forming
forming
forming

the
the
the
the
the
the
the

first line portion,

first curved line portion,
second line portion,

second curved line portion,
third line portion,

third curved line portion, and

fourth line portion.

18. A substrate cutting method according to claim 12, further

20 comprising a heating step of heating the scribe line.



